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FOREWORD

Agricultural development is a key catalyst for economic development in many 
low- and middle-income countries around the world and has been through-
out history. Yet, understanding agricultural development in the 21st cen-
tury requires an integrated framework, both conceptually and empirically. 
Advances in theory and empirical methodologies, new data, and develop-
ments in other scientific disciplines have contributed new insights. A new 
range of global challenges—including expanding global markets, urbaniza-
tion and rural transformation, natural resource degradation, global warm-
ing, rising obesity, and the threat of pandemics—have brought a new urgency 
to advancing the field. Understanding agricultural development implies 
more than simply ascertaining what drives agricultural productivity growth; 
it also requires incorporating knowledge of household behavior and gen-
der roles, nutrition, natural resource management, climate change, agrifood 
value chains, equity, public policies, and political economy issues. Agricultural 
development is essential not only to produce enough food, but also to reduce 
poverty, improve nutrition, promote equity, and support rural and food sys-
tems transformation. 

This ambitious volume provides a comprehensive textbook on the cur-
rent state of agricultural development. Contributions by top experts, includ-
ing many IFPRI researchers, examine different development patterns around 
the world, the socioeconomic and institutional context for agricultural devel-
opment, and new opportunities and challenges that will continue to reshape 
agrifood systems and how we study them. Together, these in-depth explora-
tions of current research point to proven and promising policy options and 
strategies for developing countries. 



The International Food Policy Research Institute is proud to be a leader in 
many of these advances in agricultural development, particularly in translat-
ing a growing understanding into viable and effective policy options for devel-
oping countries. We are pleased to publish Agricultural Development: New 
Perspectives in a Changing World, which, with its holistic approach, should 
prove invaluable to students, practitioners, researchers, and policymakers mak-
ing decisions in today’s changing world. 

Johan Swinnen
Director General, IFPRI

xx foreword
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PREFACE

After several major famines in the 1950s and 1960s, the main focus of agricul-
tural development during the following two decades was on achieving food 
security and preventing hunger in developing countries. These challenges 
spurred the Green Revolution, characterized by the adoption of high-yielding 
wheat and rice varieties, which doubled or even tripled crop yields in a mat-
ter of 20 years. Without the Green Revolution, millions of people would have 
died of hunger and undernourishment. Policy played a critical role, creating 
incentives for farmers and supporting them with investments in irrigation, 
market infrastructure, and storage facilities.

The world has been changing dramatically since then, and so has the land-
scape of agriculture. In addition to hunger, poverty and undernutrition have 
become major global concerns. Rapid income growth and urbanization since 
the 1990s have led to increased demand for high-value agricultural products, 
such as fresh fruits and vegetables and animal-sourced foods. This demand, 
in turn, has both stimulated and been fueled by the emergence of modern 
food value chains led by giant supermarkets in both developed and develop-
ing countries. Owing in part to international trade liberalization, cross-bor-
der trade of agricultural products has increased enormously, and the political 
equilibrium has shifted to less distorted trade markets for agricultural prod-
ucts. Meanwhile, gender equity and women’s empowerment are recognized as 
major global development goals. At the same time, there have been key inno-
vations in credit and insurance markets, including microfinance and weath-
er-based insurance programs, respectively. Above all, human beings face 
increasingly serious challenges from climate change, of which agriculture is 
both a perpetrator and a victim. In the face of climate change, natural resource 



management, including forest, biodiversity, soil, and water management, has 
come to the fore of agricultural development issues. Critical now is the role 
of agricultural research, which is expected to play a key role in climate change 
adaptation and mitigation efforts while also continuing to focus on increasing 
both staple and more healthy food production.

The year 2000 was a landmark year in the fight against global poverty. 
The United Nations Millennium Declaration, signed that September, com-
mitted world leaders to halving poverty by 2015. With this goal in mind, pol-
icy analysts began to focus on the definition and measures of poverty and 
to assess the impact of poverty reduction programs and policies. Since 2010, 
nutrition has risen to the top of the food policy research agenda. Agricultural 
economists and policy analysts are therefore focusing increasingly on linkages 
between agriculture and nutrition through diets, behavior change, water, sani-
tation, and hygiene (WASH), and woman’s empowerment in agriculture. 

In 2015, more than 190 countries endorsed the Sustainable Development 
Goals (SDGs) during the UN General Assembly in New York, marking 
another milestone. Since then, the food systems approach, first introduced in 
the 1980s, has regained momentum with new meanings and goals. Food pol-
icy researchers have been working on data, methods, and policy options to 
redesign food systems to deliver the outcomes required by the SDGs.

Currently, the study of agricultural development suffers from a lack of 
textbooks that address the diversity of agricultural issues in an integrated 
fashion. While the demand for this type of textbook is huge, it is unrealis-
tic to think that a single or small group of researchers could deal with such 
a multitude of issues comprehensively and publish an integrated textbook 
successfully. We therefore decided to put together this volume on agricul-
tural development, with chapters written primarily by researchers at the 
International Food Policy Research Institute (IFPRI), given their expertise in 
an array of specialized areas. In addition to current IFPRI researchers, we also 
invited several former IFPRI staff members and other outside researchers to 
contribute. Happily, nearly all accepted our invitation. Although the contribu-
tors have never met in seminars or conferences related to the book, apart from 
a symposium held at the International Conference of Agricultural Economists 
in Vancouver in 2018, we all made every effort to coordinate our various chap-
ters. This reflects the common recognition that our profession needs a state-
of-the art textbook. 

We received enormous input from the two anonymous reviewers desig-
nated by IFPRI’s Publications Review Committee and the committee’s chair, 
Professor Gerald Shively, for which we are wholeheartedly grateful and which 

xxii PrefaCe



improved the quality of this volume. Since there are more than 40 contribu-
tors and they all certainly received useful comments and research assistance 
from a number of people, we cannot express our appreciation to each and 
every one of them. We are particularly grateful, however, to Emily EunYoung 
Cho for her skillful assistance to both editors throughout the entire process of 
preparing the manuscript. We would also like to thank Fumiyo Aburatani for 
her editorial assistance. We are grateful to Alejandro Nin-Pratt for preparing 
tables related to inputs, outputs, land and labor productivities, and total factor 
productivities used in many chapters.

We are happy to inform readers that this is an open-access book. Thus, 
anyone who would like to study agricultural development can download it 
free of charge. It is our hope that this edited volume contributes to the study 
of agricultural development and benefits both current and future research-
ers alike.

Keijiro Otsuka and Shenggen Fan  
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Part I

A Global Overview of Agriculture





AGRICULTURAL DEVELOPMENT  
IN A CHANGING WORLD

Shenggen Fan and Keijiro Otsuka

The world has been changing rapidly, and major issues surrounding agricul-
ture have evolved as well. In fact, over the last several decades major shifts 
have occurred in the thinking on and practice of agricultural development. 
Accordingly, agricultural development goals have moved far beyond tradi-
tional ones such as food production and availability, agricultural productiv-
ity, farmers’ incomes (particularly those of smallholders), and employment. 
The set of new goals includes poverty reduction, adequate nutrition, func-
tioning food value chains (FVCs), environmental sustainability, climate adap-
tation and mitigation, and gender equality and equity. Looking forward, 
agriculture will face new challenges and will have to be positioned to deliver 
broader development outcomes such as those mandated under the Sustainable 
Development Goals (SDGs).

It is therefore timely to publish a new volume that reflects the latest devel-
opments and new perspectives on agricultural development. Such a book will 
be useful to policymakers, students, and development economists alike. It will 
also fill an important gap, as few if any such comprehensive volumes exist in 
the field of agricultural development.

First, this is an edited volume that benefits from the expertise of numer-
ous top scholars in different fields. This allows for coverage of a broad array 
of emerging and complex issues such as rapid urbanization and agricultural 
transformation, nutrition and health, and natural resource management and 
climate change.

Second, this book covers most developing countries and regions, providing 
a global perspective. Such a perspective is extremely useful because many rele-
vant issues are global in nature, often crossing national borders, in part due to 
increasingly interconnected agricultural systems in a globalizing world. The 
global perspective is also useful because it can reflect the many commonalities 
and differences in major issues across regions.

Third, we follow developments since the framework of induced techno-
logical and institutional innovations was developed by Yujiro Hayami and 
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Vernon W. Ruttan (1985), particularly in Part II, where we review technologi-
cal change, productivity growth, and beyond in major regions. Innovations are 
seen in new institutions, including those related to international trade, land 
and water rights, producer cooperatives for rural industrialization and con-
tract farming, and social norms on women’s status, as well as a variety of insti-
tutions to prevent or mitigate climate change. Technological and institutional 
innovations in agriculture have also been increasingly influenced by innova-
tions outside of agriculture, for example, rapid development of information 
technologies and biotechnologies.

Fourth, this book departs from the Hayami-Ruttan and other conven-
tional theses in several significant ways. Increasing production of high-value 
products, development of modern FVCs, nutrition and health, gender and 
intrahousehold resource allocation, insurance and credit, property rights and 
natural resource management, and climate change are newly emerging and 
interrelated issues. This book is a first attempt to analyze them in an inte-
grated manner. It also reviews the literature that uses applied microeconomics 
to study development, including studies based on randomized controlled tri-
als (RCTs) and natural and quasi experiments. Such studies are a critical step 
toward evidence-based agricultural policymaking.

Finally, the book will point out clear policy implications for key insti-
tutional innovations and explore policy reforms conducive to agricultural 
development. In particular, we will attempt to identify effective strategies for 
developing sustainable agriculture and reducing food insecurity and malnutri-
tion, which are missing in the existing literature.

This volume is divided into four parts. Part I (A Global Overview of 
Agriculture) introduces the aims of the book, identifies major global trends 
and emerging global issues in agricultural development, and explains the 
structure of the book, including how the various chapters are interrelated.

Part II (Regional Issues in Agricultural Development) provides overviews 
of technological innovations, agricultural research, agricultural develop-
ment, and economic transformation by major region—East Asia, South Asia, 
Africa south of the Sahara, Latin America and the Caribbean, and Eastern 
Europe and Central Asia. Specifically, chapters in Part II examine long-term 
changes in cultivation area, land-labor ratios, composition of agricultural 
products (for example, staple foods vs. high-value products, including livestock 
products), adoption of land-saving or yield-enhancing technologies (adop-
tion of improved seeds and the use of chemical fertilizer) and labor-saving or 

4 Chapter 1



mechanical technologies, total factor productivity, farm size, and land tenancy 
institutions. These chapters also identify newly emerging important issues in 
various regions, such as increased overweight and obesity, which are examined 
in depth by a series of thematic chapters in Part III.

Part III (Context for Agricultural Development) focuses on context for 
agricultural development, with particular attention to the role of (1) urban-
ization, rural-to-urban migration, poverty reduction, food security, and 
nutritional transitions; (2) emerging FVCs, development of nonfarm sec-
tors, microfinance, weather-based crop insurance, and land markets in 
transforming agricultural and rural economies; (3) community organiza-
tions (for forest and irrigation management, development of rural industries, 
and production of high-value products) and land rights in facilitating land 
transactions, investment in land improvement, and management of com-
mon property resources; (4) social norms and women’s ownership and con-
trol of land and other assets in the transformation of women’s status; and 
(5) international agreements on international trade and agricultural policies 
in agricultural development. These issues are highly interrelated. For exam-
ple, new FVCs emerge in response to increases in market demand for safe 
and high-quality products associated with the development of nonfarm sec-
tors and urbanization, to globalized trade of high-value agricultural prod-
ucts, and to the increasing consciousness of health and nutrition among 
urban consumers.

Part IV (Emerging Challenges and Opportunities in Agricultural 
Development) delves into the emerging challenges and opportunities in agri-
cultural development, particularly those associated with changes in food sys-
tems and climate change, by examining the growing scarcity of water, possible 
effects of climate change, and the future of agricultural research. This is fol-
lowed by the concluding analysis of how to reshape and transform agrifood 
systems for environmentally sustainable and inclusive development toward 
achieving the SDGs.

In the remainder of this chapter, we provide an overview of agricultural 
growth by reviewing the evolution of agricultural development thinking 
through macro- and micro-lenses. We briefly review the literature influenc-
ing major shifts in agricultural development below; a comprehensive review 
of the literature on the contemporary and emerging issues can be found in 
Chapter 2. We conclude with a summary of the regional overview and key 
themes discussed in the rest of the book.
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Evolution of Macroeconomics Literature  
on agricultural Development
The theory of agricultural development has evolved over the years, as have its 
contexts, practices, and goals. Early development theories, most prominently, 
Lewis’s dual economy theory in the 1950s, viewed the agriculture sector as a 
supplier of surplus labor whose share in the labor force and economy declined 
through the course of development (Lewis 1954). Surplus labor from the tra-
ditional, rural agriculture sector has a negligible or zero marginal product. 
The modern, urban, nonagricultural industrial sector has a higher marginal 
product and absorbs this surplus labor by creating jobs, thereby increasing 
aggregate output and incomes and stimulating economic growth. Ranis and 
Fei (1961) built upon this model to assert that without agricultural growth 
and sufficient food output, development of the industrial sector will be con-
strained. In these models, agriculture plays a critical but passive role in eco-
nomic development and transformation.

In the 1960s, a new paradigm extended the duality model to view agricul-
tural development as an engine for industrialization and economic growth. 
Conceptually, agriculture contributes to development of industry by raising 
farmers’ incomes and earning foreign exchange and by generating surplus capi-
tal and labor (Johnston and Mellor 1961). Higher farmer incomes from higher 
output increase demand for farm inputs and value-added services, and higher 
incomes for farmers and laborers increase the demand for food and nonagri-
cultural goods and services. Agricultural growth then has a multiplier effect 
on other sectors, jump-starting transformation and accelerating growth.

Schultz (1964) argued that poor smallholder farmers are rational, as they 
respond to price incentives and will adopt new profitable technologies, but are 
constrained by the absence of such technologies. Schultz’s “efficient but poor” 
hypothesis inspired subsequent research by Hayami and Ruttan (1971, 1985), 
who formalized the theory of agricultural growth by highlighting the impor-
tance of technological innovations. They state that technological and institu-
tional changes are induced through responses of actors to changing resource 
endowments. In other words, as scarcity of a factor of production increases, 
technology that saves the use of the factor is induced to develop, along with 
supportive institutions, such as property rights systems, public-sector research 
and extension systems, and marketing institutions. Binswanger (1974) later 
demonstrated that changes in product prices also play an important role in 
stimulating innovations.

With the rapid economic growth in developing countries in the 1990s, 
especially in Asia, Timmer (1988) marked a shift in the theory of agricultural 

6 Chapter 1



development toward structural transformation. The theory noted that agri-
culture enhances labor productivity in the rural economy, increasing wages 
and driving urbanization and industrialization. As a result, the share of agri-
culture in economic output and employment falls, and urban economic activ-
ity in industry and services grows. At the same time, rural workers migrate to 
urban areas and the overall population undergoes a demographic transition 
(Timmer 1988, 2017).

Initially, empirical studies focused on the importance of agriculture for 
nonfarm economic growth as well as spillovers of growth across sectors, as 
seen in Gemmell, Lloyd, and Mathew (2000) and Tiffin and Irz (2006), 
among others. Agriculture was considered in the context of a broader devel-
opment agenda, highlighting the role of agriculture in the formulation of 
development strategies. Studies also looked at agriculture’s impact on pov-
erty reduction—in particular, its role in driving overall economic growth and, 
indirectly, reductions in food prices, which especially benefit the poor. For 
instance, Ravallion and Chen (2007) found the impact of agricultural growth 
on poverty in China to be four times greater than that of nonagriculture. 
Christiaensen, Demery, and Kuhl (2011) found that the poverty reduction 
impact of agricultural growth in Africa south of the Sahara was two to three 
times greater than that of growth in nonagriculture, but also noted substan-
tial heterogeneity depending on country characteristics like natural resources 
and initial economic conditions (Dercon and Gollin 2014).

Computable general equilibrium (CGE) modeling was later added as one 
of the tools for analyzing the role of agriculture in overall economic growth 
and poverty reduction (for example, in Dorosh and Haggblade 2003; Diao 
and Dorosh 2007; Dorosh and Thurlow 2012). Much of the CGE modeling 
focused on African economies found that agricultural productivity growth 
generates positive impacts on overall growth and positive poverty impacts as 
well. However, it should be noted that much of this literature was based on 
assumptions that the model economies are closed and must meet their food 
needs through domestic production (Dercon and Gollin 2014).

Together with agricultural development, the food value chain evolved over 
time as well. With rising incomes and growing urbanization, the FVC became 
spatially longer, stretching across rural and urban areas. This transition also 
led to the emergence of food industries such as milling and food processing to 
add value and transport food. Reardon et al. (2003) and others added to the 
notion of the modern FVC, focusing on the rapid rise of supermarkets, which 
further transformed and integrated food markets, driven by urbanization, 
economic growth, and improved infrastructure. Fan, Yosef, and Pandya-Lorch 
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(2019) further analyzed how agriculture can contribute to nutrition through 
FVCs, nutrition-sensitive programs, government policies, and private- 
sector investments.

Triggered by the 2008 food price crisis, Díaz-Bonilla (2015) systemati-
cally analyzed how macroeconomic policies like fiscal policies, monetary and 
financial policies, exchange rate policies, and trade policies can fundamentally 
affect the agricultural sector. He argues that a macroeconomic policy frame-
work is needed to maintain fiscal balances and avoid the overvaluation of the 
exchange rate, thereby reducing significantly the possibility of financial/fiscal 
crises and ensuring that tradable products (particularly agricultural and food 
products) are not disadvantaged. A monetary policy that maintains low infla-
tion levels is also needed. On credit, Díaz-Bonilla suggests that agriculture 
needs specific credit programs, institutions, and instruments that emphasize a 
variety of instruments and approaches for financial inclusion for the poor.

Evolution of Microeconomics Literature  
on agricultural Development
Microeconomics in agricultural development mainly considers the behavior 
of rural households, namely, the constraints they face and the determinants of 
their decision-making. It has evolved over time from the analysis of resource 
allocation, particularly labor, land, and capital market failures, to technology 
adoption and extension services, property rights and externalities, intrahouse-
hold bargaining, and risk management. While the macroeconomics literature 
essentially focuses on the role of agriculture in economic development and 
enabling macroeconomic policy environments, the microeconomics literature 
covers a diverse range of issues related to the behavior of rural households, jus-
tifying a much longer review.

Schultz’s (1964) “efficient but poor” hypothesis fundamentally affected 
the microeconomics literature on agricultural development because if farmers 
are rational maximizers, a profit or utility maximization model can be applied 
to the analysis of farmers’ behaviors in developing countries. Thus, Schultz 
stimulated the subsequent analysis of farm household behavior. Deeper under-
standing of farm household behaviors improves macroeconomic models and 
modeling of general equilibrium effects.

Singh, Squire, and Strauss (1986) pioneered the analysis of agricultural 
household behavior, which led to the debate in the late 1980s about nonsepa-
rability between production and consumption decisions of rural households 
and the relationship between productivity and farm size. These authors clarify 
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the “non-separable behavior” of households in using resources, fundamentally 
as a result of missing or imperfect markets, particularly labor markets, imply-
ing that households are an integrated production and consumption unit.

Labor markets are widely assumed to fail, because agency costs make the 
productivity of hired labor less than that of family labor. While households 
with land endowments too small to hire labor behave according to predic-
tions in the separable model, households with more land will begin to hire 
labor but face a growing monitoring cost of labor, creating the inverse farm 
productivity–farm size relationship. Carter and Yao (2002) call this “local 
non-separability.” De Janvry, Fafchamps, and Sadoulet (1991) showed that 
transaction costs drive a wedge between producer and consumer prices, where 
some households do not purchase or sell the goods they produce and, hence, 
have limited response to price incentives. Similarly, Key, Sadoulet, and de 
Janvry (2000) and Bellemare and Barrett (2006) explore the endogeneity of 
market participation decisions and related econometric implications. In a 
recent paper, Foster and Rosenzweig (2017) observed a U-shaped relationship 
between farm productivity and farm scale—the initial fall in productivity as 
farm size increases from its lowest levels and the continuous upward trajectory 
as scale increases after a threshold—in low-income countries across the world. 
They show that the existence of labor-market transaction costs can explain 
why the smallest farms, which rely on family labor, are most efficient; slightly 
larger farms are least efficient because they employ a host of hired workers; 
and larger farms are as efficient as the smallest farms because they adopt large-
scale machines.

The microeconomics literature on agricultural development pays special 
attention to transaction costs in land markets, which lead to market failures. 
Eswaran and Kotwal (1984) studied how productivity is influenced by dis-
tribution of land among rural households under land, labor, and capital mar-
ket imperfections. The authors noted that an economy with high inequality 
of land distribution will produce less than an economy with more equal land 
distribution, because farmers endowed with less land have less favorable access 
to credit. Consequently, credit market reforms that equalize access to capital 
across farm households can also have effects similar to those of land redistri-
bution reforms. Otsuka, Chuma, and Hayami (1992) applied the principal- 
agent theory to share tenancy issues and argued that share tenancy is chosen 
partly because it has risk-sharing advantages and partly because labor contract-
ing is less efficient due to higher monitoring costs.

Market failures also occur due to difficulty in establishing land rights, 
the lack of which reduces incentives to invest in land improvement (Besley 
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1995). Feder et al. (1988) found that enhanced formal land-tenure security in 
Thailand offered substantial payoffs in increased investment in land improve-
ment and enhanced productivity. In Latin America, Carter and Olinto (2003) 
found that the investment demand effects of property rights reform applied to 
everyone, but that credit supply expanded only for medium- and larger-scale 
farmers. In other words, property rights reform is shown to have substantial 
impacts for only relatively advantaged farmers.

The lack of secure property rights for community-owned resources leads 
to market failures because individual users do not pay attention to the neg-
ative impact of their resource extraction on the productivity of other com-
munity members. For instance, Robalino and Pfaff (2012) find in Costa 
Rica that individuals are more likely to deforest when their neighbors defor-
est. Internalization of resource-related externalities requires collective action 
among users (Ostrom 1990), but the likelihood of collective action to resolve 
natural-resource-related externalities depends on the costs of cooperation, 
which vary depending on numerous environmental factors, existing norms, 
and users (Pender and Scherr 2002; Godquin and Quisumbing 2008). Lawry 
et al. (2014) suggest that secure land property rights contribute to welfare 
through greater perceived security of ownership and consequent long-term 
investments. Land ownership can help incentivize farmers in terms of land 
security, which has a positive effect on farmers’ decisions to adapt to climate 
change (Yegbemey et al. 2013).

The Green Revolution revealed the importance of purchased inputs and 
small farmers’ access to credit. Feder (1985) showed that if capital access 
improved with land endowments, the relationship between farm productivity 
and size could become positive even with labor market failures. Monitoring 
costs due to poor contract enforcement lead to different lending and deposit 
rates in financial markets, meaning that the wealthy will tend to invest more 
than the poor. Poor farmers who lack assets may not be able to offer the collat-
eral necessary to access credit (Banerjee 2006), and if poor farmers lack access 
to insurance markets, loan terms may become too risky to borrow (Boucher, 
Carter, and Guirkinger 2008). Certain technologies, for instance, are more 
difficult for smallholders to finance, especially when the need for access to 
credit is greatest in order to meet high up-front costs. Despite enthusiasm over 
the last 10 to 15 years about the potential of microfinance as a major driver 
of poverty reduction in developing countries, recent studies have pointed to 
the lack of evidence and mixed long-term results. For example, Banerjee et 
al. (2015) find that while a microcredit program in India helped small busi-
ness investment and profits of preexisting businesses to increase, consumption 
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did not see a significant increase. Durable goods expenditure increased, 
and “temptation goods” expenditure declined, but there were no significant 
changes in health, education, or women’s empowerment. Very few significant 
differences were found between treatment and control groups two years later.

Technology adoption has been studied by many researchers since the 1970s, 
with focus on the spillover effect of technological information. Early adopt-
ers of technologies provide information for others on benefits and correct 
use while disproportionately bearing the cost of the learning process. Thus, 
there is incentive to strategically delay adoption and to free ride when infor-
mation is more readily available (Foster and Rosenzweig 1995; Bandiera 
and Rasul 2006; Maertens 2017). Any type of positive spillover in an area 
or network creates incentive to postpone adoption, as seen also in adoption 
of health products that generate immunity benefits for others (Kremer and 
Miguel 2007). Unreliable supply and high prices of fertilizer and other inputs 
are often noted as major barriers to adoption of new technologies. Mitra 
et al. (2013) study the importance of information asymmetries in the price 
gap between farmgate and market. Farmers’ organizations have the poten-
tial to address many of these constraints by improving farmers’ bargaining 
power, aggregating demand, and reducing individual risk, while also enhanc-
ing smallholder competitiveness in markets (World Bank 2007). However, 
inequality of asset ownership affects the degree of profit extracted by mem-
bers, and smallholders may benefit less than larger landholders (Banerjee et al. 
2001; Bernard, de Janvry, and Sadoulet 2010).

More recently, the role of farmer-to-farmer extension, which is likely to be 
complementary to public-sector extension, has received increased attention, 
and many RCT-based studies are conducted to identify the desirable char-
acteristics of farmer-trainers (see Takahashi, Muraoka, and Otsuka 2020 for 
a recent review of the literature). Further, recent advancements in informa-
tion and communications technologies (ICTs) have been evaluated by many 
studies. A study in India finds that mobile-phone-based agricultural exten-
sion alters management practices, increasing adoption of more effective pesti-
cides and levels of farmer education (Cole and Fernando 2012). At the same 
time, other studies have pointed to more mixed results. Information on mar-
kets and weather provided through mobile phones was found to have no sig-
nificant impact on prices received by farmers, crop value-added, crop losses, 
or likelihood of changing crop varieties or cultivation practices (Fafchamps 
and Minten 2012). Similarly, Nakasone, Torero, and Minten (2014) find that 
while access to mobile phones has generally improved agricultural market per-
formance at the macro level, impacts at the micro level are mixed.
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The study of the impact of risk on household decision-making was pio-
neered by Binswanger and Sillers (1983), who saw that risk mattered most due 
to differences in access to credit and other financial markets that could be 
used to mediate risk. Binswanger and Rosenzweig (1986) argue that covariate 
risk in agriculture further suppresses development of agricultural loan markets 
in risk-prone, low-income, rainfed agricultural regions, where all farmers in 
the neighborhood suffer from the same risk. Deaton (1991) shows that a mod-
est amount of risk can be managed by maintaining some savings that could be 
used to smooth consumption in the face of income fluctuations or credit con-
straints. Further, Carter and Barrett (2006) describe several types of dynamic 
models where risk and capital constraints create a poverty trap. Unequal asset 
distribution that leaves large numbers of households below a critical asset 
threshold results in stagnation of productivity with persistent poverty. Also, 
uninsured risk in the face of a poverty trap has far higher costs for households. 
Findings often show better-off households are better at smoothing consump-
tion than are poorer ones (Morduch 1995; Barrett, Carter, and Timmer 2010). 
Risk considerations also factor into household portfolio choices about assets 
and activities, whereby if risk preferences are related to ex ante wealth, portfo-
lio choices may reinforce pre-existing unequal wealth distribution. Rosenzweig 
and Binswanger (1993) find wealthier households in rural India hold higher 
risk and higher expected return portfolios, which lead to different growth 
rates and increasing inequality over time, also contributing to a poverty trap 
among less well-endowed agricultural households. In considering the role of 
assets to address household risk, studies have evaluated the role of livestock 
and its wide spectrum of benefits, such as cash income, food, savings and 
insurance, and social capital. A study of microeconomic data from 12 devel-
oping countries (Pica-Ciamarra et al. 2015) finds that the majority of rural 
households keep livestock, and less well-off households are more likely than 
better-off households to keep livestock. However, poorer households often 
lack the resources to invest in small animals. The study also suggests there are 
many factors at play, meaning that policies need to account for farming sys-
tems, species, uses of livestock, and different wealth groups. Livestock owner-
ship has also been shown to be associated with additional benefits like animal 
food consumption and relative nutritional benefits (Kim et al. 2019).

Informal mechanisms of coping with risk include risk pooling among 
households in a community, including through community insurance 
schemes to protect against idiosyncratic shocks. Social networks have been 
found to encourage insurance adoption. For example, one study finds that 
knowledge diffusion through peer effects (i.e., social networks) among 
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farmers in rural China resulted in a premium reduction of up to 13 percentage 
points (Cai, de Janvry, and Sadoulet 2015). In addition to knowledge diffu-
sion, informal risk-sharing arrangements can also help to manage basis risk of 
formal insurance, especially when the main source of basis risk is an idiosyn-
cratic risk, and help to avoid free-riding and coordination problems (de Janvry 
et al. 2014; Dercon and Gollin 2014; Geng et al. 2018).

Studies show that other informal mechanisms, such as self-help groups 
(SHGs), have broader benefits beyond addressing household risk. SHGs tied 
to microcredit in India have been shown to improve women’s empowerment 
and nutritional intake, though the impact on asset formation or income was 
not significant (Deininger and Liu 2013). SHG skills-training components 
have been found to facilitate empowerment through development of financial 
skills and access to household decision-making (Brody et al. 2015). SHGs have 
also been found to increase women’s access to information and their participa-
tion in some agricultural decisions, and participating women are more likely 
to take advantage of a greater number of public entitlement schemes (Kumar 
et al. 2019; Raghunathan, Kannan, and Quisumbing 2019).

Conventionally, each household is assumed to possess a single utility func-
tion; this is known as the unitary model of household behavior. In the 1990s, 
however, it was recognized that household members have different prefer-
ences. This is important because intrahousehold inequality is a nontrivial 
factor impacting distribution of goods among household members. Several 
studies analyze household bargaining functions based on individual utility 
functions and threat points based on assets that individuals can carry away 
from the household, as well as the external legal and social environments that 
shape individuals’ ability to use those assets. Interventions influencing the 
exit option of one household member can affect the intrahousehold distribu-
tion of goods. For instance, interventions that enhance men’s legal and eco-
nomic control over land resources may weaken women’s bargaining power 
and decrease their and their children’s well-being (Haddad, Hoddinott, and 
Alderman 1997; Quisumbing 2003). Bargaining matters for household expen-
diture priorities, and this continues to shape agricultural resource allocations. 
Ownership and control of assets by women is shown to be important for pov-
erty reduction and has positive development outcomes at both household and 
individual levels (Johnson et al. 2016).

The microdevelopment literature from the early 2000s has been linked 
to the rise of decision science and behavioral economics. For agriculture, this 
has been centered around questions regarding the ability of farmers to achieve 
efficient or optimal outcomes in the face of problems in decision- making 
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(Duflo 2006). Behavioral economics has shown that individuals may be moti-
vated by factors other than profit maximization. Research indicates that 
default options can play an important role in coordinating behavior where 
needed (Choi et al. 2003). For example, agricultural technologies like pest- 
resistant seeds require coordination to generate sufficient demand to improve 
input markets. Farmers’ organizations may be influential in this regard, by 
providing pest-resistant seeds as a default input to their members, to help facil-
itate adoption and demand. Savings commitment devices have also been the 
subject of several recent studies that show there is an unmet demand for com-
mitment products among the very poor. In the Philippines, the introduction 
of a commitment savings product increased savings significantly after one year 
(Ashraf, Karlan, and Yin 2006). Similarly in Kenya, when testing free deliv-
ery and price subsidies to purchase fertilizer, a savings commitment brought 
in new adopters instead of subsidizing those who would have adopted anyway 
(Duflo, Kremer, and Robinson 2009).

Other behavioral issues, like mental accounting or separate household 
accounts, are linked to inefficient allocations of expenditures and savings 
behavior if individuals associate certain funds with different expenditures. 
Duflo and Udry (2004) found that rainfall shocks that increase the output of 
crops cultivated individually by either husbands or wives are associated with 
strong expenditure shifts toward adult private goods like jewelry. In contrast, 
shocks that increase the output of crops predominantly cultivated by wives 
shift expenditures toward food consumption, but shocks affecting cash crops 
cultivated by men have no effect on the purchases of food. The literature also 
suggests that individual decisions made under risk and uncertainty are subject 
to irrational biases (Kahneman 2003). For instance, individuals tend to weigh 
the value of losses more than the value of gains and may give undue weight to 
small probabilities, which negatively affects adoption of new agricultural tech-
nologies (Liu 2013). Bryan (2010) also suggests that more ambiguity-averse 
households demand less insurance, and Ross, Santos, and Capon (2012) show 
that more ambiguity-averse individuals are more likely to adopt improved 
varieties. Studies have also evaluated interventions that directly incorpo-
rate behavior change communication components. For instance, Olney et al. 
(2015) found that integration of two programs, an agriculture homestead food 
production program and a nutrition and health behavior change communica-
tion program targeted to women and children, helped improve several child 
health outcomes, including wasting, diarrhea prevalence, hemoglobin levels, 
and anemia.
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Three prominent economists, Michael Kremer, Abhijit Banerjee, and 
Esther Duflo, received the 2019 Nobel Prize in Economic Sciences for their 
seminal work on evaluating the impact of poverty reduction programs. They 
reshaped economics research by designing a new approach to alleviating 
global poverty. Utilizing RCTs, they sought to answer key questions on global 
poverty at individual or group levels through specially designed field exper-
iments. In just the past 20 years, this new research has contributed key evi-
dence to inform global development efforts. In 2010, Barret and Carter (2010) 
reflected on the power and pitfalls of RCTs and after a decade of work on 
the subject identified three more key issues to consider: First, ethical risks 
continue to exist and have not been dealt with. Second, interventions often 
have extremely heterogeneous impacts, which could mean that in some cases 
other research methods would be more suitable. Finally, nonclassical measure-
ment errors resulting from the use of an RCT could weaken a study’s statisti-
cal power (Barrett and Carter 2020). Quisumbing et al. (2020) proposed to 
address such concerns by identifying and assessing programmatic pathways 
to impact with quantitative and qualitative methods; by studying similar pro-
grams implemented by different organizations across various settings; and 
by working closely with implementing partners on the design, research, and 
dissemination processes to inform adaptation and scaling-up of programs 
and policies.

Field experiments or lab-like field experiments (LFEs) can be used in ana-
lyzing policy issues in agricultural and rural development to address the above 
concerns and complement other methods. Viceisza (2015) highlighted four 
main purposes of LFEs. The first is to test theories or heuristic principles; the 
second is to identify and estimate parameters associated with various char-
acteristics; the third is to explore the structural nature of parameters derived 
from empirical methods, including other types of experiments; and the fourth 
is to assess methodological difficulties associated with LFEs and how these 
can impact parameter estimates. He also emphasized the importance of gen-
eralizability for LFEs that are intended to inform policymaking, and in the 
process, he proposed basic principles for conducting LFEs and suggested direc-
tions for future research.

Key themes addressed in this Book
In this section, we briefly sketch the purposes and key themes addressed in 
subsequent chapters and lay out the structure of this book.
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Agricultural Growth across Time and Regions

We look to recent years and across regions to examine recent technological 
innovations in and outside of agriculture (such as ICTs), changing contexts for 
agriculture (such as rapid urbanization), and emerging challenges (including 
climate change) that impact agricultural productivity and efficiency.

Chapters 2 to 7 build upon the Hayami and Ruttan hypothesis, based on 
technological change in agriculture as an engine of agricultural growth, and 
compare patterns of agricultural growth across seven major regions.1 Table 1.1 
compares growth rates of land productivity (Y/A), labor productivity (Y/L), 
and the land-labor ratio (A/L) across major regions over time.2 As can be seen 
from Figure 1.1, enormous differences exist and enormous changes in labor 
productivity have occurred among the seven major regions over the last several 
decades. Such large differences in labor productivity can be partly attributed 
to the difference in factor endowment represented by the land- labor ratio. 
The close relationship between the land-labor ratio and mechanization is 
clearly reported in Chapters 3 to 7. It is equally important to observe the 
changes in land and labor productivity over time. Table 1.1 clearly shows that 
in the 1960s, 1970s, and 1980s, many regions experienced a decline in the 
land-labor ratio; this was due to rapid population growth. Figure 1.2 shows 
the changing relationship between labor and land productivity, with the log-
arithm of labor productivity on the horizontal axis and that of land produc-
tivity on the vertical axis. To examine the importance of technological change 
in affecting different growth paths, Table 1.2 shows the annual growth rate 
of total factor productivity (TFP) from the 1970s to the early 2010s. Five 
regional chapters show that while some regions fit the Hayami and Ruttan 
hypothesis, other regions’ growth paths have differed over time. It is clear that 
East Asia took the high-land-productivity development path, which looks 
like a concave production function. An interesting finding from Figure 1.1 is 
that not only South Asia but also Africa south of the Sahara (SSA) seem to 
have been following the East Asian path. Indeed, it seems that South Asia is 

1 The five chapters in Part II deal with (1) East Asia, (2) South Asia, (3) Africa south of the 
Sahara, (4) Latin America and the Caribbean, and (5) Eastern Europe and Central Asia. Latin 
America is divided into two areas—Mexico and Central America, and South America; Eastern 
Europe and Central Asia are divided into two areas—the former Soviet Union (FSU) excluding 
the Baltics, and Eastern Europe (that is, the Baltics, Central Europe, and Balkans)—because of 
the large differences in factor endowments between subregions, among other things. 

2 Output (Y) is the gross production value in constant international US$ 2004–2006, labor (L) is 
the number of economically active adults in agriculture, and land (A) is the sum of arable land 
and land for permanent crops and pasture. Data are from FAOSTAT, supplemented by data 
from USDA Economic Research Service on China and from Eurostat on Eastern Europe and 
Central Asia.
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TAbLE 1.1 Growth rates in land productivity, labor productivity, and land per labor, over 
decades, by region

Region Growth rates 1960s 1970s 1980s 1990s 2000s 2010s

east asia land productivity 0.300 0.194 0.361 0.363 0.278 0.063

labor productivity 0.084 0.290 0.255 0.521 0.571 0.246

land per labor −0.166 0.081 −0.077 0.116 0.230 0.172

South asia land productivity 0.098 0.104 0.336 0.220 0.215 0.121

labor productivity 0.046 0.028 0.225 0.174 0.145 0.101

land per labor −0.047 −0.069 −0.083 −0.038 −0.058 −0.018

eastern europe land productivity 0.224 0.230 0.116 −0.148 0.174 0.113

labor productivity 0.403 0.674 0.401 −0.003 0.496 0.192

land per labor 0.146 0.361 0.255 0.170 0.275 0.071

Former Soviet 
union 

land productivity 0.259 0.096 0.135 −0.411 0.339 0.216

labor productivity 0.273 0.186 0.185 −0.437 0.531 0.377

land per labor 0.011 0.082 0.044 −0.044 0.144 0.133

africa south of 
the Sahara

land productivity 0.091 0.154 0.056 0.164 0.124 −0.016

labor productivity 0.114 −0.061 0.046 0.069 0.070 0.009

land per labor 0.021 −0.186 −0.009 −0.082 −0.048 0.025

mexico and 
Central america

land productivity 0.460 0.298 −0.026 0.184 0.183 0.131

labor productivity 0.324 0.175 0.021 0.248 0.257 0.138

land per labor −0.093 −0.095 0.048 0.053 0.063 0.006

South america land productivity 0.020 0.131 0.220 0.254 0.157 0.018

labor productivity 0.165 0.188 0.307 0.329 0.422 0.140

land per labor 0.143 0.050 0.072 0.059 0.230 0.120

Caribbean land productivity −0.149 −0.076 0.069 −0.187 0.093 0.157

labor productivity 0.011 0.060 0.109 −0.141 0.044 0.111

land per labor 0.189 0.148 0.037 0.056 −0.045 −0.039

West asia and 
north africa

land productivity 0.214 0.255 0.218 0.216 0.287 0.041

labor productivity 0.222 0.256 0.156 0.226 0.251 0.073

land per labor 0.007 0.001 −0.051 0.008 −0.028 0.030

high income land productivity 0.128 0.212 0.072 0.173 0.108 0.032

labor productivity 0.559 0.434 0.334 0.478 0.311 0.176

land per labor 0.382 0.183 0.245 0.260 0.183 0.139

other land productivity 0.278 0.159 −0.092 0.284 0.267 0.064

labor productivity 0.182 0.076 −0.001 −0.045 0.010 −0.021

land per labor −0.075 −0.072 0.100 −0.256 −0.203 −0.081

Source: Calculated from uSDa (2019) except for land and output, which were obtained from Fao (2019).
Note: 1960s is limited to 1961–1969; 2010s is limited to 2010–2014.
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FIGURE 1.1 Changes in labor productivity by major region, in US$1,000 (2004–2006) per 
person

0

2

4

6

8

10

12

19
61

19
63

19
65

19
67

19
69

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

20
07

20
09

20
11

20
13

20
15

East Asia
South Asia
Eastern Europe
FSU
SSA
Mexico and Central America
South America

US
$ 

th
ou

sa
nd

s 
pe

r p
er

so
n

Source: estimated from uSDa (2019) and Fao (2019).
Note: FSu = former Soviet union; SSa = africa south of the Sahara.

FIGURE 1.2 Changes and differences in relationship between labor and land productivity by 
major region, double-log scale
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attempting to catch up with East Asia (see Chapter 4) and that SSA also fol-
lows the Asian path so long as smallholder-based agriculture is maintained 
(Chapter 5). While the growth paths of Mexico and Central America, Eastern 
Europe, and South America may look similar, a closer examination reveals 
that Eastern Europe primarily improved its labor productivity, whereas South 
America and Mexico and Central America improved both labor and land pro-
ductivity simultaneously.

On the whole, East Asia has performed well since the early 1980s, which 
is consistent with its frontier position in Figure 1.2. Growth rates of TFP 
in South Asia and SSA are lower than in East Asia, suggesting that their 
catch-up process has been taking place only slowly. However, it is remarkable 
that SSA achieved a TFP growth rate of more than 1 percent per year from 
the early 1990s to the mid-2000s, indicating that major technological changes 
have been taking place on this continent. As argued in Chapter 11, this may 
be a result of the Green Revolution in SSA. Indeed, land productivity began 
increasing in SSA in the 1990s (Chapter 5). A noteworthy trend is the rela-
tively high and steady growth rate of TFP in South America, consistent with 
the rapid growth of both labor and land productivity as well as the region’s 
active agricultural research activities (Chapter 6). Another conspicuous trend 
is the recent rise of TFP growth in the former Soviet Union (FSU), which 
may give rise to the potentially high production and export growth of this 
region (Chapter 7).

TAbLE 1.2 Average total factor productivity growth rates, over decades, by region

Region 1970s 1980s 1990s 2000s 2010s

east asia −0.740 0.983 1.783 2.372 1.869

South asia −1.277 0.101 0.528 0.556 1.780

eastern europe −0.115 0.578 1.098 1.067 1.646

Former Soviet union −0.263 −0.650 0.281 2.220 2.594

africa south of the Sahara −1.403 −0.297 1.345 1.199 0.759

mexico and Central america 0.363 0.263 0.693 2.039 1.986

South america −0.775 0.968 1.326 2.011 1.963

Caribbean −0.736 0.190 −1.056 1.320 1.321

West asia and north africa −0.153 0.661 1.929 1.740 1.742

high income 0.993 1.188 1.493 1.354 1.593

other −2.051 0.552 1.719 −0.278 −0.006

Source: estimated from uSDa (2019) except for land and output, which were obtained from Fao (2019).
Note: 2010s is limited to 2010–2014.
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The five regional chapters examine the extent to which variations in the 
land-labor ratio can be explained by mechanization and variations in land pro-
ductivity can be explained by fertilizer use per unit of land. They also explore 
new contexts and development imperatives for agriculture, including urban-
ization, nutrition transition, nonfarm employment, poverty and food secu-
rity, and FVCs, among other things. Chapter 8 provides a summary view of 
regional experiences.

Nonfarm Activities and Urbanization

The nonfarm economy grows faster than agriculture, partly because of the 
low and decreasing income elasticity of demand for agricultural products and 
partly because of the ease of transfer of technologies in nonfarm sectors from 
developed to developing countries compared with agricultural technology, 
whose transfer is often constrained by climate factors. Thus, agriculture sec-
tors tend to shrink at least relatively. The faster growth of nonfarm sectors cre-
ates an income gap between rural and urban areas. Consequently, economic 
transformation begins, which accompanies urbanization and rural-to-urban 
migration. In this process, people shift from low-income jobs in rural areas to 
high-income jobs in urban areas, thereby reducing the income gap and poverty.

As shown in Figure 1.3, the share of rural labor force has been declining 
in all seven regions under study.3 The shares were high and declined slowly in 
SSA and South Asia because of the slow growth of nonfarm sectors in these 
regions. In contrast, labor share declined most rapidly in East Asia because of 
the successful development of nonfarm sectors in this region. The rural labor 
share in East Asia, however, was still higher than in Eastern Europe, FSU, 
Mexico and Central America, and South America in the 2010s.

An example of the close linkage between agriculture and urban centers is 
contract farming, which is designed to promote the production of new high-
value products, such as fresh vegetables and fruits and livestock products, 
in response to increasing urban and foreign demand for such products (see 
Chapter 11). Obviously, farmers in developing countries must take advantage 
of the emergence of new production opportunities to increase their incomes 
and reduce poverty (World Bank 2007) (Table 1.3). Another major way to 
increase employment opportunities in rural areas is rural industrialization 
(Chapter 11). In general, rural industries are clustered because of the benefit 
of agglomeration and often linked with the processing of high-value products. 

3 As is cogently pointed out in Chapter 8, the distinction between urban and rural areas is 
often arbitrary.
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FIGURE 1.3 Declining share of rural labor force (%) by major region
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TAbLE 1.3 Poverty headcount ratio at $1.90 a day (2011 PPP), percent of population, by 
region

Region 1981 1984 1987 1990 1993 1996 1999 2002 2005 2008 2011 2013 2015

South asia 55.7 53.0 50.1 47.3 44.9 40.3 — 38.6 33.7 29.5 19.8 16.1 —

east asia and 
pacific

80.5 70.1 59.2 61.3 53.7 40.9 38.5 29.7 18.9 15.3 8.6 3.6 2.3

europe and 
Central asia

— — — — 5.2 7.3 7.9 6.0 4.9 2.8 2.1 1.6 1.5

latin america 
and Caribbean

13.5 16.5 13.5 14.8 14.0 13.7 13.5 11.8 9.9 6.9 5.7 4.6 3.9

middle east and 
north africa

— 8.9 8.1 6.2 7.0 6.2 3.8 3.4 3.1 2.7 2.7 2.6 4.2

africa south of 
the Sahara

— — — 54.7 59.6 58.9 58.3 55.3 50.8 48.0 45.0 42.4 41.0

Source: Data from World Bank (2019).
Note: ppp = purchasing power parity; — = data not available.
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Together with rural-to-urban migration, stimulating contract farming and 
developing rural industries are major means to facilitate rural transforma-
tion. As a result, poverty has declined significantly, particularly in East Asia 
(Table 1.3).

Urbanization and economic transformation are closely linked with diver-
sification of diets caused by shifting consumer demand. Particularly after the 
classic “food problem” is solved, adequate nutrition and health become major 

“agricultural problems.” Thus, Chapter 10 explores the linkages between agri-
cultural development and nutrition, including increasing incidence of obesity. 
This is a critically important issue in developing countries because not only 
malnutrition but also stunting and anemia are highly prevalent among chil-
dren, as can be clearly seen from Tables 1.4 and 1.5.

Changes in Markets and Food Value Chains

While Chapters 9 to 11 analyze the roles of agriculture in supply of sta-
ple foods, employment generation, poverty reduction, and nutritional tran-
sition, essentially from a sectoral point of view, Chapter 12 (Food Value 
Chain Transformation in Developing Regions), Chapter 13 (Agricultural 
Development and International Trade), and Chapter 14 (The Political 
Economy of Agricultural and Food Policies) deal with diverse issues of mar-
kets and international trade of agricultural products.

The continuous evolution of agricultural development can be seen through 
the remarkable transformation of the FVC in developing countries, partic-
ularly in the past 25 years. The share of grains and other staples in the food 
economy declined and was replaced by animal and horticultural products. 
Rapid globalization fundamentally changed FVCs in developing countries at 
a much faster pace than that of the transformation that occurred much ear-
lier in developed countries. Chapter 12 describes this dramatic evolution and 
transformation of FVCs.

As discussed in Chapter 13, international food trade increased apprecia-
bly, driven by liberalization of trade and foreign direct investment (FDI) and 
increased demand for diverse processed foods and safe and high-quality fresh 
fruits and vegetables. On the supply side, FDI by European, US, and Japanese 
chains played a crucial role in the FVC transformation (Reardon et al. 2003). 
This rapid transformation of FVCs is reflected in increasing international 
trade of agricultural commodities. The amount of total agricultural trade 
as well as that of cereals, oilseeds, and high-value products (fruits, vegetables, 
meats, and dairy products) increased in recent years, as shown in Figure 1.4 
(see also Chapter 13).
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TAbLE 1.4 Prevalence of undernourishment, by region, percent of population 
(3-year average)

Region 
2000–
2002

2002–
2004

2004–
2006

2006–
2008

2008–
2010

2010–
2012

2012–
2014

2014–
2016

2016–
2018

Caribbean 23.7 24.3 23.4 22.1 20.8 19.5 19.0 18.3 18.1

Central america 7.9 8.3 8.3 7.5 7.3 7.2 6.9 6.3 6.1

South america 11.5 9.7 7.9 6.4 5.6 5.0 4.7 5.0 5.4

Central asia 13.8 13.6 11.0 8.8 7.8 6.7 5.8 5.5 5.6

northeast asia 14.5 14.3 14.0 13.2 11.9 10.6 9.4 8.5 8.4

Southeast asia 21.5 19.9 18.4 16.7 14.3 11.7 10.5 9.8 9.4

South asia 19.6 21.6 21.1 18.6 17.3 17.2 16.8 15.7 14.9

West asia 10.1 9.8 9.5 9.2 8.9 9.2 9.9 11.0 12.1

eastern africa 38.3 36.7 34.4 33.1 32.1 30.6 30.3 30.3 30.9

middle africa 38.1 35.5 32.5 30.5 28.8 27.0 25.3 25.1 26.3

northern africa 6.5 6.2 6.1 5.6 5.2 4.9 7.6 7.0 7.1

Southern africa 7.0 6.6 6.5 7.0 7.2 7.0 7.2 7.9 8.3

Western africa 15.2 14.1 12.3 11.1 10.5 10.4 10.9 11.7 13.9

oceania 5.4 5.5 5.5 5.2 5.1 5.3 5.7 5.9 6.1

Source: Data from Fao (2019).

TAbLE 1.5 Prevalence of stunting in children under age 5, by region, percent of population

Region 1990 1995 2000 2005 2010 2015 2018

Caribbean 20.8 17.8 15.2 12.9 11.0 9.2 8.3

Central america 31.8 27.6 23.7 20.2 17.1 14.4 12.9

South america 19.1 16.2 13.6 11.4 9.5 7.9 7.1

Central asia — 34.9 28.0 22.0 17.0 12.9 10.9

northeast asia 35.6 26.6 19.2 13.4 9.2 6.2 4.9

South asia 59.4 54.6 49.7 44.8 40.0 35.4 32.7

Southeast asia 46.9 42.6 38.4 34.4 30.6 27.0 25.0

West asia 28.7 25.8 23.1 20.6 18.3 16.2 15.1

eastern africa 51.9 48.8 45.8 42.8 39.8 36.9 35.2

middle africa 44.3 42.0 39.8 37.6 35.4 33.3 32.1

northern africa 28.0 25.8 23.7 21.7 19.9 18.2 17.2

Southern africa 35.0 34.0 32.9 31.9 30.9 29.9 29.3

Western africa 40.7 38.5 36.4 34.3 32.3 30.3 29.2

oceania 36.0 36.4 36.8 37.2 37.6 37.9 38.2

Source: Data from uniCeF-Who-World Bank group (2019).
Note: — = data not available.
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FIGURE 1.4 Changes in real value of net export of selected agricultural commodities by 
major region, billion 2011 US dollars
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Undistorted open markets maximize the net benefit that international 
trade can offer to boost global food security (Chapter 13). Yet agriculture in 
developing countries was traditionally discriminated against by export taxes 
and restricted import of agricultural inputs, whereas agriculture in developed 
countries was heavily protected by subsidies, tariffs, and restricted imports 
of agricultural products. In other words, farmers are taxed when they are the 
majority of the population but subsidized when they are the minority. This 
is referred to as the “development paradox.” The question is why agricultural 
markets are so often distorted throughout much of history and across the 
globe. This is precisely the issue of political economy addressed in Chapter 14.

The Role of Gender, Credit, and Insurance  
in Household Decision-Making

Women are often handicapped in ownership and control of agricultural 
land and other assets in developing countries, as shown in Chapter 15. Since 
women tend to spend more resources on children’s education and health 
and nutrition, their handicapped access to productive resources may lead to 
underinvestment in these and other areas. Understanding the roles of men 
and women, their decision-making powers, and the level of their cooperation 

High-value products (fruits, vegetables, meats, and dairy)
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Note: FSu = former Soviet union; SSa = africa south of the Sahara.
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within a household is essential for the analysis of household behaviors. 
Chapter 15 seeks deeper understanding of household behaviors in order 
to facilitate gender equity and investments in child schooling, nutrition, 
and health.

Access to institutional credit is critically important for smoothing con-
sumption over time under risky agricultural production environments, financ-
ing purchase of modern inputs such as improved seeds and inorganic fertilizer, 
introducing new high-value products, and investing in land improvement 
to increase long-term productivity. Yet only a small fraction of farmers bor-
row from formal institutions. Furthermore, borrowing is used primarily for 
smoothing consumption, but not for raising agricultural productivity. While 
borrowing from microfinance institutions, which does not require collateral, 
is encouraged by many governments in developing countries and international 
organizations, these institutions are designed to provide small-scale and short-
term lending primarily for nonfarm businesses. Thus, Chapter 16 seeks new 
effective institutions to provide credit for smallholders to accelerate agricul-
tural development.

Also difficult is the design of efficient, effective, and widely acceptable 
insurance programs (Chapter 17). Traditional crop insurance programs, 
designed to insure farm-specific losses, are bound to fail, partly because of 
moral hazard (whereby an insured farmer does not exert optimum effort to 
reduce risk or mitigate its impact) and partly because of adverse selection 
(whereby only the most risk-prone farmers purchase insurance). Recently, 
index insurance programs have been promoted as a low-cost alternative to tra-
ditional insurance programs. In the case of index insurance products, pay-
ments are based on an independent measure, for example, rainfall, which is 
highly correlated with farm-level yield or revenue outcomes. Since rainfall is 
exogenous to the individual insurance policyholder, there is no incentive for a 
farmer to commit moral hazard. Despite high expectations for the wide adop-
tion of index insurance, however, most index insurance programs have experi-
enced low take-up rates. Thus, various solutions are sought to make insurance 
programs work in developing countries, as discussed in Chapter 17.

Climate Change and Sustainable Development  
of Agrifood Systems

Achieving sustainable agricultural development without sacrificing environ-
mental quality is one of the most important challenges the world will need 
to meet, especially if we are to achieve poverty reduction, food security, and 
better nutrition and health. The global environment, however, has been 

26 Chapter 1



deteriorating, and it is predicted that climate change will result in substantial 
reduction in agricultural production unless adequate investment in produc-
tivity-enhancing technological development is made (see Chapter 19). Efforts 
to expand agricultural areas in developing countries have resulted in defor-
estation, a major source of greenhouse gas emissions. Communal natural 
resources, such as forests, grazing land, and irrigation systems, also suffer from 
deterioration (see Chapter 18). In total, agriculture, forestry, and other land 
uses account for 24 percent of greenhouse gas emissions (Chapter 19). Also 
worrisome is increasing water scarcity due to rising demand for water in indus-
trialized and urban areas, dietary changes toward more water-intensive foods, 
and frequent droughts associated with climate change (see Chapter 20).

It is important to strengthen both our ability to mitigate or reduce dete-
rioration of global environments and the inefficient use of natural resources 
and our ability to adapt to a deteriorated global climate and environments. 
For adaptation to climate change, agricultural research plays a critical role 
(see Chapter 21). Adaptation can benefit from the use of biotechnologies, 
for example, gene editing, to develop crop varieties that are tolerant to heat, 
drought, salinity, and submergence and from the capacity to develop agro-
nomic practices to use new varieties effectively. Efficient use of water is also 
an integral part of adaptation strategies, because the availability of irrigation 
water enhances resilience to frequent droughts. At present, the irrigation ratio 
is particularly low in low-income regions (Figure 1.5). For more effective adap-
tation to climate change, further irrigation investments will be required.

For sustainable resource management, it is essential to reduce the cost of 
measuring, monitoring, and verifying the use of natural resources or the emis-
sions of greenhouse gases. In terms of global environmental issues, an interna-
tional system is needed to determine the penalty amounts for resource use and 
greenhouse gas emissions and to enforce payments. Increasing the cost of nat-
ural resource use should contribute not only to the efficient allocation of such 
resources in the short term, but also to the development of natural- resource-
saving technologies in the long term. If agriculture fails to contribute to solv-
ing climate change by not constructing the proper incentive systems in natural 
resource use and inducing the development of natural- resource-saving tech-
nologies, sustainable agricultural development may remain an unachievable 
dream and agriculture may become a culprit of global climate deterioration.

The challenge is how to mitigate climate change and preserve or improve 
ecosystems while delivering healthy foods to consumers. For these purposes, 
it will be critical to build a food system that is simultaneously nutrition- and 
health-driven, productive and efficient, environmentally sustainable and 
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climate smart, inclusive, and business friendly (Fan 2016). Chapter 22, the 
final chapter of the book, focuses on these critical and burning issues.
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GLOBAL ISSUES IN AGRICULTURAL DEVELOPMENT

Mark W. Rosegrant, Shenggen Fan, and Keijiro Otsuka

Chapter 1 reviewed dynamically changing global trends in agricultural devel-
opment and identified emerging and diverse issues associated with the pro-
cess of global agricultural development. This chapter reviews the literature on 
these topics in order to clarify the context under which regional issues (Part 
II), newly arising critical issues (Part III), and future challenges and oppor-
tunities (Part IV) are discussed. More specifically, this chapter addresses 
the major debates around agricultural development, policies, and techno-
logical changes to reduce or eliminate food insecurity and attain sustainable 
development.1

The first section addresses the potential for agricultural growth and struc-
tural transformation, including transformation of the rural areas and the 
dietary transition. The second section discusses markets, food value chains, 
and international trade, assessing the rapidly changing dynamics of deliver-
ing food from the farm to the table. Key topics include the impact of the rise 
of supermarkets in the developing world, contract farming, and food safety 
and food quality. The role of international trade and food price stabilization 
policy is also reviewed. The third section provides an overview of agricultural 
support policies, including agricultural subsidies, agricultural credit, and crop 
insurance. The fourth section assesses the potential for sustainable agricul-
tural growth as a foundation for agricultural development by examining the 
role of technology, including biotechnology, sustainable water and land use, 
and property rights and climate change. The debate on future sources of sus-
tainable growth is also reviewed.

1 Some sections of this chapter draw upon Rosegrant, M. W. 2014. Food Security. Thousand 
Oaks, CA, US: SAGE. http://ifpri.worldcat.org/title/food-security/oclc/871340599. Used 
with permission.
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Agricultural Development and Transformation

Agricultural Growth and Poverty Reduction

The evolution of agricultural development thinking described in Chapter 1 
provides an overview of structural transformation with agriculture-led eco-
nomic growth, building on the Hayami and Ruttan (1971, 1985) model of 
structural transformation driven by induced technical change. Scientific prog-
ress continues, and the changing nature of technology may drive a new agri-
cultural transformation. In addition to technological change in agriculture, 
rapid technological change outside of agriculture is creating new potential for 
technological change in agriculture and for new employment opportunities 
in rural towns and small cities. New science-based technologies are likely to 
be strongly laborsaving and can give a big technological advantage to agricul-
ture in developed and middle-income countries. These new technologies are 
also likely to create economies of scale in agriculture that could create pres-
sures to consolidate land ownership or operational size of farms, particularly 
in high-performing countries in East Asia. Food value chains will also be fun-
damentally influenced by these advanced technologies, with the potential for 
significant reduction in postharvest losses, and fundamental changes in con-
tract farming. How these technologies play out will also influence employ-
ment, rural–urban migration, and the future of the structural transformation, 
as well as poverty reduction. These issues are addressed further in Chapters 3, 
9, and 11.

Historically, the major sources of growth in agriculture have been 
increased input use and productivity growth. In addition to land and labor, 
increased use and productivity of inputs—including modern inputs such as 
fertilizer, improved seeds, and water—play a key role for agricultural produc-
tivity (Nin Pratt 2015). Other factors have also contributed to agricultural 
production growth. Craig, Pardey, and Roseboom (1997) demonstrate that 
improvements in input quality, such as better-educated labor and improved 
tractors, explain a significant part of the differences in agricultural produc-
tivity across countries. They also show that public goods, represented by agri-
cultural research and road density, as well as life expectancy, are important in 
explaining between-country differences in agricultural productivity.

Productivity growth from technological innovations and institutional 
changes also contributes to agricultural growth. Key factors affecting agricul-
tural productivity growth include climatic, environmental, technological, insti-
tutional, economic, and policy conditions. Measures that increase crop yields 
include institutional reforms, such as the household responsibility system 
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in China and Viet Nam (Lin 1991; Rozelle and Swinnen 2004; Jin, Huang, 
Rozelle 2010). In addition, the development of new varieties, technological dif-
fusion, land improvements, adoption of conservation tillage techniques, denser 
and earlier planting, irrigation, pest control, and weed control also contribute 
to enhanced yield. The factors that affect crop yields negatively include land 
degradation, adverse climate conditions, limited resource conditions, poor 
farm management, and disincentives like those in the former Soviet Union.

While major drivers of productivity growth vary by country and region, 
there is an extensive literature focused on understanding the determinants 
of the gains in productivity in agriculture that shows that public and pri-
vate research and development investments have played a crucial role in real-
izing productivity growth in the agricultural sector (Hayami and Ruttan 
1985; Alston et al. 2000, 2010; Evenson 2001; Fuglie and Schimmelpfennig 
2010; Colman 2013). In developing countries, agricultural research and devel-
opment has been mainly undertaken by public institutions such as govern-
ment laboratories and universities, as well as nonprofit institutions such as 
the CGIAR centers, as is discussed by Evenson and Gollin (2003a, 2003b). 
However, private sector research has been increasing rapidly, particularly in 
relatively fast-growing countries such as Brazil and India.

Gollin, Hansen, and Wingender (2018) evaluate the impact of adopting 
high-yielding crop varieties (HYVs) in developing countries, focusing on the 
Green Revolution period from 1960 to 2000. They estimate that a 10 percent-
age point increase in HYV adoption increases gross domestic product (GDP) 
per capita by about 15 percent, by the direct effect on crop yields, factor 
adjustment, and structural transformation. The study also finds that HYV 
adoption reduced both fertility and mortality. Hazell (2009) further shows 
that Green Revolution investments achieved a high rate of economic return. 
But policies need to address concerns about the sustainability of intensive 
cultivation, including the possibility of soil degradation, chemical pollution, 
aquifer depletion, and soil salinity. Pingali and Rosegrant (2000) show that 
inappropriate management of modern inputs was the primary cause of these 
Green Revolution problems, driven mainly by inadequate extension and train-
ing, ineffective regulation of water quality, and input pricing and subsidy poli-
cies that made modern inputs too cheap and encouraged excessive use.

However, the Green Revolution has had limited impacts in Africa. 
Reasons for this include the lack of a dominant farming system (such as rice 
and wheat); predominance of rainfed rather than irrigated agriculture; lack of 
an effective extension system; poor soil fertility; underinvestment in agricul-
tural research and development and rural infrastructure; lack of competitive 

Global Issues In aGrICultural Development 37



markets and conducive enabling environments; the negative impact of poor 
human health on agriculture; minimal mechanization; and the predominance 
of customary land tenure (InterAcademy Council 2004). Recent literature 
focuses on the role of farmer-to-farmer extension, which is complementary to 
conventional public-sector extension, and discusses how to select and incen-
tivize the farmer-trainers (see Takahashi, Muraoka, and Otsuka 2020 for 
a review). Prior to the implementation of structural adjustment programs, 
macro, trade, and taxation policies heavily penalized the agricultural sector, 
resulting in high costs and limited access to inputs and low output prices for 
farmers. Implementation of structural adjustment programs and agricultural 
market liberalization programs in the 1990s started reducing these penalties 
(Hazell 2009).

Agricultural growth can be a key driver of poverty reduction, more so than 
nonagricultural growth in some instances. Since poverty is largely a rural 
phenomenon and since many of the poor depend, directly or indirectly, on 
the farm sector for their incomes, growth that raises agricultural productiv-
ity and the incomes of small-scale farmers and landless laborers is particularly 
important in reducing poverty and improving food security (Rosegrant and 
Hazell 2000; Diao et al. 2014; Christiaensen and Martin 2018). In addition 
to driving agricultural development and transformation, productivity growth 
has far-reaching impacts beyond agricultural growth. Recent studies confirm 
the significant impact of agricultural growth on poverty reduction. Growth 
in agriculture is shown for many countries to be generally more effective at 
reducing poverty, in comparison to nonagricultural growth, by two or three 
times, and this advantage is more defined for the poorest populations (Thirtle, 
Lin, Piesse 2003; Christianesen and Martin 2018). Yet, Dercon and Gollin 
(2014) note that heterogeneity in the agricultural sector at all levels—in coun-
tries, subnational regions, villages/communities, individuals—affects poten-
tial pathways for agricultural development and impact on poverty reduction. 
Heterogeneity can be found in many factors, including climate and soils, pol-
icies, institutions, access to markets, and more, which is discussed further in 
Giller et al. (2011). Further, the authors indicate there is room for improve-
ment in the empirical studies on agricultural growth considering agriculture’s 
impact on poverty reduction. For example, more rigorous assessment of the 
costs and the opportunity costs of boosting growth in agriculture is needed. 
Studies should account for the relative cost-effectiveness of obtaining growth 
in agriculture compared with obtaining growth in other sectors and avoid 
assuming a straightforward path from investment to agricultural growth to 
poverty reduction. Overall balance is another important factor noted by the 
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authors, as agricultural growth will not come in isolation but rather from its 
interaction with the rest of the economy.

Research-led technological change in agriculture in Africa and Asia 
has substantially reduced poverty, whereas productivity growth in indus-
try and services has had a relatively modest impact except in East Asia (that 
is, Northeast and Southeast Asia) (Thirtle, Lin, and Piesse 2003). Fan et al. 
(2000) investigate the causes of the decline in rural poverty in India and the 
role that government investments have played. They show that government 
expenditures have both direct and indirect effects on poverty reduction. Such 
expenditures directly generate income through employment generation. Much 
larger indirect benefits are due to investments generating long-term agri-
cultural and nonagricultural growth. Investments in roads and agricultural 
research and development have the largest impacts on poverty reduction and 
growth in agricultural productivity, followed by government spending on edu-
cation, which may generate benefits over extended periods.

Nevertheless, nonagricultural growth also plays an important role in pov-
erty reduction, including through the reallocation of labor from agriculture 
to nonagricultural sectors, which are often more skills intensive and labor- 
productivity enhancing. Nonagricultural growth can also be poverty reduc-
ing by contributing to agriculture. While the degrees of impact depend on the 
national subsectors involved, growth in some sectors, such as transport ser-
vices and manufacturing (especially agro-processing) in Africa, can be as effec-
tive as growth in agriculture (Dorosh and Thurlow 2018). Increased efficiency 
of trade and transport also saw reduced transaction costs for all marketed 
products, particularly those with high cost margins, such as agriculture and 
food (Christiaensen and Martin 2018).

Masters (2005) assesses trends in poverty and undernutrition in Africa; 
the availability of food, rural population, and demography; farm output and 
input use; and determinants of input use and agricultural research effort. He 
points out that African farmers have adopted profitable new varieties when 
they have been available but that research and seed delivery systems have often 
not effectively developed suitable varieties. A Green Revolution in Africa will 
require the introduction of agronomic and other innovations for many crops 
and many environments, supported by investments to develop and spread new 
seed varieties. More appropriate and better-targeted research and development 
and effective extension systems for agriculture are essential for the economic 
future of the African continent (Otsuka and Larson 2013, 2016). Sources of 
agricultural growth will be further analyzed in five regional chapters in Part 
II (Chapters 3 to 7).
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Meanwhile, the potential impact of the decreasing share of the agricul-
tural sector on poverty reduction and other development outcomes should be 
taken into account when considering future investment priorities. Human 
capital investment that drives long-term development is also fundamentally 
influenced by agricultural growth and access to food. Alderman, Hoddinott, 
and Kinsey (2006) show that even short-term shocks such as drought and 
war early in life can have long-term negative effects on individuals’ nutri-
tional status. When such events generate reductions in consumption because 
households are unable to protect against the shock, they lead to long-term 
reductions in height and schooling achievement. Improvements in preschool 
nutrition and health—and prevention of losses in preschool nutritional and 
health status due to shocks—not only have immediate benefits, but also have 
long-term benefits in improved height and educational attainment.

The Dietary Transition

The structural transformation literature emphasizes the importance of agri-
cultural growth as a means of reducing poverty and increasing food security 
through greater availability of food and lowering food prices. In his classic 
writing in the early 1980s, Amartya Sen introduced the entitlement approach, 
which contrasts with the more usual food availability approach, concentrating 
instead on the ability of the people to afford food through use of production 
possibilities, income, trade opportunities, and entitlements with respect to the 
state (Sen 1981). This shift in focus from food supply to individual access to 
food highlighted the important role of demand failure due to unemployment, 
adverse movement in the terms of trade, production failure, termination of 
transfers, or other forms of entitlement failure (Barrett, Carter, Timmer 2010). 
The past paradigm of agricultural development focused on growth, produc-
tivity, and poverty reduction. However, the current global context warrants a 
broader perspective toward agriculture, namely its contribution to improved 
nutrition, health, and human well-being (Fan and Pandya-Lorch 2012). In 
this regard, diets are key in our approach to modern agrifood systems.

This is ever more critical, as populations in those countries undergoing 
rapid economic growth and transformation are experiencing the most rapid 
nutritional transition. Beginning in Asia, but increasingly for the rest of the 
developing world, diets are shifting away from staples and toward livestock 
and dairy products, vegetables and fruits, and fats and oils. As income in both 
rural and urban areas increases, demand for more diversified foods is increas-
ing and agricultural production in turn is driven by the demand to further 
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diversify its products, which contribute to more-balanced diets (Fan, Yosef, 
and Pandya-Lorch 2019a).

At the same time, current food consumption patterns in much of the devel-
oping world are showing signs of convergence toward a Western diet. The 
diet transition is characterized by increased consumption of wheat, temperate 
fruits and vegetables, and high-protein and energy-dense food. Globalization 
and the consequent global interconnectedness of the urban middle class is 
the driving force behind the convergence of diets. The rapid spread of global 
supermarket chains and fast-food restaurants is reinforcing these trends 
(Hawkes, Harris, and Gillespie 2017). Growth in incomes in developing 
countries is driving particularly strong growth in per capita and total meat 
consumption, which in turn induces strong growth in feed consumption of 
cereals, particularly maize (Pingali 2006; Rosegrant, Leach, and Gerpacio 
1999). The change in consumption trends has been slower in Africa and in 
some developing countries, especially in Africa south of the Sahara (Kearney 
2010). The rapid urbanization of developing countries is another import-
ant factor, due to urban sedentary lifestyles and the rapid spread of food out-
lets for fast and energy-dense foods, as well as the increasing dependency on 
prepared food, usually consumed away from home (Caballero 2007; Ruel, 
Garrett, and Yosef 2017).

Globally, these changes in dietary patterns are particularly important 
in terms of the rise in overnutrition (that is, diet-related chronic disease) in 
many developing countries alongside persistent undernutrition (Kearney 
2010; Hawkes, Harris, and Gillespie 2017). The dietary transition has in fact 
thrown a light on the new types of food insecurity that ought to influence the 
desirable path of agricultural development. In addition to rising overweight 
and obesity as described, the problem of undernourishment caused by insuf-
ficient intake of dietary energy and protein, as well as micronutrient defi-
ciencies, all coexist. These three dimensions represent the “triple burden” of 
malnutrition (Gómez et al. 2013).

Overweight and obesity are the result of excessive dietary energy intake and 
are often associated with increased risk of diabetes and cardiovascular disease. 
These conditions are increasingly common in developing countries, with obe-
sity reaching a global prevalence of 12 percent in 2008 (Gómez et al. 2013). 
According to the 2016 Global Burden of Disease (GBD) study, 72 percent 
of all cause-specific deaths worldwide were from noncommunicable diseases 
(NCDs), and most of the global burden of deaths and disabilities from these 
NCDs occur in low- and middle-income countries (Ecker 2019). Caballero 
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(2005) notes the increasing frequency in developing countries of underweight 
in children and overweight in adults, often within the same family. This phe-
nomenon in developing countries occurs due to the changes in diet, food 
availability, and lifestyle in countries experiencing a socioeconomic and demo-
graphic transition. Moreover, evidence suggests that fetal undernutrition 
increases the risk of obesity and associated NCDs later in life (Ecker 2019).

Undernourishment contributes to negative health outcomes such as the 
prevalence of underweight (low weight for age), wasting (low weight for 
height), or stunting (low height for age), especially among children. Stunting 
measures the long-term negative effects of food intake deficiency and dis-
ease, and it afflicted 165 million children globally in 2011, for a prevalence of 
26 percent. Stunting is caused primarily by maternal undernutrition and by 
poor nutrition and repeated infections in the first two years of a child’s life. 
Wasting captures shorter-term, acute episodes of malnutrition. Underweight is 
a product of the other two indicators (Gómez et al. 2013).

Micronutrient malnutrition includes iodine, iron, and vitamin A deficien-
cies and can coexist with excessive consumption of macronutrients (that is, 
overweight and obesity). Vitamin A deficiency is the leading cause of blind-
ness in children and harms proper growth and reproduction, leaving the 
body more vulnerable to infections (Gómez et al. 2013). Inadequate dietary 
intake and infectious disease are the most direct causes of undernutrition. 
Inadequate dietary intake weakens the immune system and increases suscepti-
bility to disease. Infectious disease increases nutrient requirements and weak-
ens the immune system by impairing absorption of essential nutrients and 
increasing nutritional requirements and decreasing purchasing power because 
of sickness, absenteeism, the inability to do work, and unemployment, as well 
as the increased time and money spent on treatment and care. Broader factors 
also influence nutrition, including economic, political, and social factors (UN 
Standing Committee on Nutrition 2010; Gómez et al. 2013). Particularly 
noteworthy is the empowerment of women within a household, as women are 
more conscious about nutrition and health than men.

Increasing productivity growth to expand food availability remains a high 
priority in many developing countries where undernourishment is still the 
dominant nutritional problem. Increases in food production are also essen-
tial to generate higher incomes in developing countries. But the broadening of 
malnutrition problems, together with the continued transformation of food 
systems in developing countries, calls for wider-ranging approaches and inter-
ventions to improving nutritional outcomes than have been used historically. 
Reducing the impact of these factors would require major changes in urban 
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planning, transportation, public safety, and food production and marketing 
(Caballero 2007; Ruel, Garrett, and Yosef 2017). Interventions and policies 
should take account of the need for more sustainable diets that would include 
a sufficient supply of micronutrient-rich foods without excessive consumption 
of energy-dense, nutrient-poor foods (Kearney 2010). In promoting nutrition- 
and health-driven policies, targeting those most in need, particularly children 
under age two and marginalized populations underserved by essential health 
services, will be important. Furthermore, filling the knowledge gaps through 
research, scaling innovation solutions, and fueling partnerships between health, 
nutrition, and agriculture will be crucial (Fan, Yosef, and Pandya-Lorch 
2019b). These issues are discussed further in Chapter 10 as well as Chapter 9.

Markets, Food Value Chains,  
and International Trade

The Dynamics of Markets and Food Value Chains

Effective agricultural markets benefit both producers and consumers and 
offer greater income opportunities by integrating small-scale producers into 
upgraded value chains, spurring agricultural development. Establishing com-
petitive and efficient markets is an important challenge in achieving agricul-
tural growth. Among the most important constraints are those related to costs 
in the value chain, including transport, communication, and transaction costs. 
The high costs to farmers and other actors due to poor infrastructure, lack of 
information, insufficient credit, and policy distortions reduce the efficiency of 
value chains and impede producers’ ability to connect to market systems. An 
agricultural value chain is the series of activities by agents and markets from 
farm to final consumption that build product value. Millions of low-income 
people participate in agricultural value chains as consumers, producers, small-
scale traders, processors, and retailers. Improvement in the performance of 
value chains would benefit large numbers of people (Beamon 1999; Lohman, 
Fortuin, and Wouters 2004; IFPRI 2011).

Revolutionary changes in processing, wholesale, and retail segments of the 
value chain are taking place. This process has been moving quickly in develop-
ing countries during the past three decades, beginning in Latin America, then 
in Asia, and later and more slowly in Africa. The transformation includes con-
solidation of value-chain operations, rapid institutional and organizational 
change, and modernization of the procurement system. Among the changes 
are the rapid rise of supermarkets, large and modern food processors, and 
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logistics and wholesale firms. Reardon and Timmer (2012) show that “these 
changes have mainly been driven by the private sector, through both domestic 
and foreign direct investment, with public sector investment in infrastructure 
providing the underlying conditions.”

Information and communications technologies (ICTs) have substantial 
potential to improve value-chain performance. Sensors linked to digital infor-
mation systems can improve links between farmers and processors; reduce 
losses (with consequent reduction in water used in producing final food prod-
ucts, because less water-using primary food production is required to generate 
the final product) with digitally enabled harvest loans and digital warehouse 
receipts; monitor storage conditions and track provenance to allow grading 
and inform consumers; reduce costs of transport; increase choice of differ-
ent types of transport for farmers; and increase access to timely information 
so that farmers know if and when transport is arriving (USAID 2017). The 
use of ICT is also expanding on the farm input side of the value chain. Private- 
and government-run management information systems provide knowledge 
related to farm inputs and farm management practices such as planting meth-
ods, seeds to use, sowing time and application of fertilizers, and current 
market prices. ICT-enabled applications allow agricultural input supply com-
panies to improve operations and build capacity to expand outreach and meet 
farmer needs and provide real-time weather information and forecasts and 
drought early warning systems to farmers. Farmers can buy inputs (seed, fertil-
izer, etc.) using cell phones, reducing transaction costs.

Progress is being made, therefore, to turn the potential of digital informa-
tion systems into reality for agricultural value chains. Yet major efforts are still 
required to achieve large-scale adoption in developing countries. The prices of 
many ICTs remain high for most developing country applications. Both the 
market and donors have a role to play in speeding up cost reductions for sen-
sors and related technologies and in supporting local development partners in 
testing and refining technologies for context-specific applications. Innovation 
is especially important to integrate sensor technology and data applications 
into locally appropriate products and services that address problems affecting 
smallholders. Governments, entrepreneurs, and private-sector actors all have 
roles to play in promoting adoption by creating and disseminating actionable 
information to smallholders and others along the agricultural value chains 
(Feed the Future 2016).

The food-value-chain transformation appears to be improving food secu-
rity for cities, by reducing marketing margins, offering lower consumer prices, 
and increasing the quality and diversity of food (Reardon et al. 2014). But 
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evidence is mixed regarding the impact on farmers. Available evidence indi-
cates that larger farmers with higher assets have higher participation rates in 
the transformation, even though smallholders increasingly participate in the 
production of high-value products (Otsuka, Nakano, and Takahashi 2016). 
Farmers who participate in transformed systems experience a net income gain 
and risk reduction, relative to those in only traditional markets. Gains can 
come both from rewards for quality differentiation and from a premium con-
trolling for quality (Reardon and Timmer 2012).

Barrett et al. (2012) note that historically market sales of food have been 
heavily concentrated in the hands of a small number of large producers, even 
in regions and countries with broad-based market participation. The rela-
tively high upfront investment required to participate in modern markets and 
the presence of fixed costs in making contracts are challenges to participation 
of smallholders, meaning major benefits of food-value-chain transformation 
may be concentrated in a relatively small share of farmers (Barrett et al. 2012). 
More recently, Ton et al. (2018) showed that smallholders can benefit from 
contract farming, yet the poorest farmers are rarely included, and contract 
farmers had significantly larger landholdings or more assets than the aver-
age farmers in the region. The authors also note that any broad assessment of 
the effect of contract farming on income is upwardly biased due to mechani-
cally excluding contract farming arrangements that failed. Also, better speci-
fication of the services provided by the firm to the farmer is recommended to 
increase the relevance of the research for development practitioners and gov-
ernments. Arouna et al. (2019) further provide insights from Benin that find 
that contracts that only included an agreement on price had nearly as large an 
impact as did contracts with additional attributes, suggesting that once price 
uncertainty is resolved, farmers are able to address other constraints on their 
own. More generally, Bellemare and Bloem (2018) review recent literature on 
contract farming, finding considerable heterogeneity across contexts that limit 
external validity, as well as issues relating to the credible causal identification 
of treatment effects that limit internal validity. Further, many findings almost 
always apply narrowly to a handful of crops, to a restricted geographical area, 
or to a single year, and the authors concluded that it is difficult to draw any 
broad policy-relevant conclusions from the literature on contract farming.

Minten et al. (2009) note that some literature points to modern retailing 
companies becoming increasingly dominant in international and local mar-
kets in fruits and vegetables, with mostly negative implications for small farm-
ers in Africa, under the right circumstances. But they also show that, “given 
the right incentives and contracting systems, small farmers in developing 
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countries—and in Africa in particular—can participate successfully in these 
emerging value chains.” Benefits are generated from improved access to inputs, 
credit, extension services, and technology adoption and from productivity 
spillover effects on other crops and enhanced income stability. A review of the 
literature by Otsuka, Nakano, and Takahashi (2016) also suggests that pro-
ducer cooperatives spontaneously formed by smallholders attempt to reduce 
transaction costs between the buyers and a large number of smallholders. 
Earlier, Michelson (2013) found that farmers who supply supermarkets expe-
rience an increase in their stock of household assets of about 16 percent on 
average in Nicaragua. However, the location of supermarket procurement cen-
ters and the rate of household participation are strongly impacted by access to 
roads, markets, and sufficient water for crop production.

An important innovation linking small farmers to markets is the rapid 
spread of mobile phones and other information technology. As Aker and 
Mbiti (2010) note, access to mobile phones in Africa south of the Sahara has 
increased dramatically; 60 percent of the population had mobile phone cov-
erage by 2010. Mobile phones can improve access to and use of information, 
thereby reducing marketing costs, improving coordination, and increasing 
market efficiency while also facilitating communication in response to shocks 
to reduce exposure to risk.

For example, Suri and Jack (2016) find that the Kenyan mobile money 
system, M-Pesa, has increased per capita consumption levels and lifted 
households out of poverty. The impacts, which are more pronounced for 
female-headed households, appear to be driven by changes in financial behav-
ior and labor market outcomes, such as occupational choice, especially for 
women who moved out of farming and into business. Mobile money has there-
fore increased the efficiency of the allocation of consumption over time while 
allowing a more efficient allocation of labor, resulting in a meaningful reduc-
tion of poverty in Kenya (Suri and Jack 2016). Although M-Pesa has been 
very successful and mobile money is expanding several other economies, its 
use remains mostly limited to person-to-person transactions that take place 
over long distances and those that are in places where holding cash is risky. 
Outside these applications, there has been less success, and financial innova-
tion around mobile money is still in its early stages. Expansion in the scope 
and impact of mobile money will require innovation in financial systems and 
regulations and payment modalities and growing knowledge and acceptance 
from consumers (Suri 2017).

The issue of dynamic changes in food value chains will be discussed in 
Chapter 12 as well as in Chapter 11.
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International Trade and Price Stabilization

Trade policies are important determinants of agricultural development. Broad 
economic growth, based on stable macroeconomic environments, can help 
create trade and domestic markets for agricultural commodities and the gen-
eration of capital for investment in agriculture. In addition to setting the 
economic environment for overall economic growth, these policies can also 
have a profound impact on the performance of individual sectors of the econ-
omy such as agriculture. Trade policies can affect agriculture by either taxing 
(dis-protecting) or subsidizing (protecting) the sector. Trade restrictions have 
a direct effect on the domestic prices of tradable (often agricultural) goods 
and have an impact on the real exchange rate, which in turn affects the domes-
tic prices of tradable goods in relation to locally produced goods. For example, 
import duties and quotas raise the domestic price of import- competing prod-
ucts in relation to exportables (including many agricultural commodities) and 
therefore encourage a shift away from export production. The same policy 
instruments reduce the demand for imports, which lowers the price of foreign 
exchange so that the domestic prices of tradable goods fall in relation to non-
tradable goods and hence indirectly bias production incentives against both 
import-competing and export goods such as agricultural products.

Alternatively, trade policies can protect agriculture or specific commodi-
ties within the agricultural sector. Agricultural protection, by raising domes-
tic food and agricultural prices above world prices, penalizes consumers and 
introduces inefficiency by attracting excess resources to production of the pro-
tected commodity or sector and by rendering unprotected sectors less compet-
itive. Protectionist policies require large government fiscal outlays to farmers 
to pay price supports and subsidies and may also encourage excessive use of 
agricultural chemicals, thus damaging the environment. Despite these nega-
tive impacts of interventions, the agricultural and food sector has been sub-
jected to some of the heaviest governmental interventions over most of the 
world and much of history, accounting for an estimated 70 percent of the 
global welfare cost of all merchandise trade distortions in 2004, even though 
the agricultural sector contributes only 6 percent of global trade and 3 percent 
of global gross domestic product (Anderson, Rausser, and Swinnen 2013).

For developed countries, the main reason for restricting food trade has 
been to protect domestic producers from import competition, but these mea-
sures harm not only domestic consumers and exporters of other products 
but also foreign producers and traders of food products. Agricultural pro-
tection and subsidies in developed countries have depressed international 
prices of farm products, reducing agricultural income in developing countries. 
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“Protectionist policies of developed countries have thus been partly responsi-
ble for international income inequality and poverty in developing countries,” 
say Anderson et al. (2013). During the past decade, economic growth, changes 
in political economy induced by such growth, and changes in governance 
and media structures have driven some reduction of antiagricultural poli-
cies in developing countries. Reductions in the protection of agriculture have 
also occurred in some developed countries, especially in the European Union 
(Anderson et al. 2013).

Because of these negative effects of taxation and protection through biased 
trade policy, removal of these biased policies can generate large economic and 
food security benefits. Winters, McCulloch, and McKay (2004) provide a 
review of the evidence on trade liberalization and poverty, vulnerability, pro-
ductivity, and governance revenue. Their review of the empirical evidence 
shows that trade liberalization will alleviate poverty in the long run and lends 
no support to the position that trade liberalization generally has an adverse 
impact on poverty. Anderson, Cockburn, and Martin (2011) provide more 
support in a recent review of global trade liberalization, with all but 2 of the 
32 cases analyzed indicating that overall global trade reform decreases poverty.

Winters et al. (2004) also note that trade liberalization necessarily implies 
changes in the distribution of income; it may well reduce the well-being 
of some people in the short term, and some of these people may be poor. 
Supporting policies will sometimes be needed to reduce the adverse impacts 
of trade liberalization, including the impact on poverty. Poorer households 
are less able than richer ones to protect themselves against negative effects or 
to take advantage of the opportunities created by policy reform, increasing 
the desirability of supporting policies such as social protection. Winters et al. 
(2004) conclude that, “although trade liberalization may not be the most pow-
erful or direct mechanism for addressing poverty in a country, it is one of the 
easiest to change. Thus, trade reform may be one of the most cost-effective 
anti-poverty policies available to governments.”

Food price risks and instability have contributed to the reluctance of coun-
tries to liberalize food markets because of fears about the impacts on food 
price instability, or out of the belief that food prices have become more unsta-
ble in countries that have already liberalized food markets. Byerlee, Jayne, 
and Myers (2006) explain that policy that targets price stability, especially 
using public grain reserves, has often had poor results, with consumers fac-
ing greater instability in food prices and availability when strategic reserves 
are used. Policies should instead focus on long-run investments in sustainable 
market development and productivity growth and the use of market-based 
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instruments and targeted safety nets to manage the risks of adverse food mar-
ket outcomes. “Such an approach can provide short-term relief from market 
shocks for the poor, while maintaining efficient long-run responses to market 
signals, thereby remaining compatible with longer-run market development,” 
say Byerlee et al. (2006).

Wright (2012) further addresses the role of grain reserves and related pol-
icies in managing grain market volatility. Sharply rising food prices in 2007 
and 2008 and again in 2010 and 2011 were caused by several factors, including 
rapid growth in demand for biofuels; rising energy, fertilizer, and fuel prices; 
bad weather; and commodity speculation. Also in play were long-run trends 
in supply-and-demand fundamentals, including low investment in agricul-
tural research and slow crop yield growth (Rosegrant, Tokgoz, and Bhandary 
2013). Further exacerbating the increases in rice prices in 2008 was the activa-
tion of export controls by a few exporters, including India (November 2007), 
Viet Nam and Egypt (January 2008), China (January 2008), and Cambodia 
(March 2008), limiting the availability of rice in the world market and increas-
ing the level and volatility of prices (Headey, Malaiyandi, and Fan 2009). Key 
wheat suppliers also imposed export bans or taxes (Wright 2012).

Despite the contributions of trade restrictions to increased levels and vol-
atility in prices, the 2007–2011 food price increases led to increased inter-
est in many countries in implementing price stabilization policies. As Wright 
(2012) notes, “many different policy interventions have been used in attempts 
to reduce grain price volatility or support price levels. These include controls 
or sanctions on private ‘hoarding’ or ‘speculation,’ buffer stocks, buffer funds, 
strategic reserves, use of options and futures, marketing boards, and price 
floors, all of which obviously affect storage incentives. Other measures that 
can also affect storage are trade barriers, export taxes, interest rate policies, 
and production controls.” In the past, a favored policy has been market stabili-
zation using a price band bounded by the floor and ceiling prices to reduce the 
spikes and troughs typical of commodity prices. However, price-band schemes 
are unsustainable and expensive and can be extremely destabilizing when they 
fail (Wright 2012).

The demonstrated failure of many grain exporters to maintain unin-
terrupted market access to their supplies highlights the desirability of 
commitment- reinforcing mechanisms for international grain market partic-
ipants. Among the proposals are an internationally coordinated global food 
reserve and a global virtual grain reserve. But Wright (2012) explains that 
such reserve schemes “are highly unlikely to have superior forecasting abil-
ity compared to the market as a whole, so will lose money on average, and 
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eventually exhaust its budget, as did similar schemes in the past.” The criti-
cal role of undistorted international trade in improving poverty and boosting 
agricultural growth will be discussed in Chapter 13, followed by the analysis 
of political economy factors, which lead to the distortion of agricultural mar-
kets, in Chapter 14.

Agricultural Support Policies
Policies related to agricultural development, including public investment in 
agricultural research and development, rural infrastructure, and irrigation, as 
well as trade and price-stabilization policies were discussed above. This section 
focuses in more detail on several key policies, including input subsidy, agricul-
tural credit, and crop insurance.

Input Use and Input Subsidies

Government subsidies are often justified as providing public goods or coun-
teracting the impact of market failures. But instead, governments often 
intervene to provide large subsidies to private goods (such as fertilizer and 
credit), displacing the supply of public goods (research, roads, and education). 
Together with reducing the supply of infrastructure and other public goods, 
public expenditures on subsidies often result in underinvestment in research 
and development and in inadequate sanitary and environmental protection. 
López and Galinato (2007) show that “reducing the share of subsidies to pri-
vate goods in the government’s budget therefore has a large and significant 
positive impact on rural per capita income, reduces certain undesirable envi-
ronmental effects associated with output growth, and contributes to pov-
erty reduction.”

Fertilizer subsidies have been among the most common and most expen-
sive subsidies in agriculture, intended to increase fertilizer use, crop pro-
duction, and income. Ricker-Gilbert, Jayne, and Shively (2013) review the 
evidence on fertilizer subsidies in Africa, noting that “policy recommenda-
tions about returns to alternative investments must compare the benefits and 
costs of subsidizing fertilizer with other alternative public investments and 
policies capable of promoting smallholder food security and poverty reduc-
tion.” They find some evidence of positive increases in maize production from 
fertilizer subsidies in Malawi, but these are small relative to the size and scope 
of Malawi’s subsidy program. Moreover, the impacts of greater maize produc-
tion must be weighed against the unintended effects of the subsidies, includ-
ing the displacement of other crops by maize, crowding out of the private 
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seed and fertilizer sectors, and the impact of reduced crop diversification on 
agricultural sustainability, smallholder vulnerability, and nutritional balance 
(Ricker-Gilbert, Jayne, and Shively 2013).

Given the negative effects of subsidies, are there appropriate uses for them? 
Small-scale “smart” fertilizer subsidies to farmers may be cost-effective in stim-
ulating farmers to adopt and utilize fertilizer appropriately together with new 
production technology. Temporary subsidies during the early stage of fertilizer 
adoption may be effective in overcoming the fixed costs related to adoption of 
new technology and in inducing farmer experimentation and learning during 
periods of rapidly changing technological potential. Such temporary subsi-
dies should be phased out as adoption and appropriate use of fertilizer become 
widespread. But the phaseout of subsidies becomes difficult once they are in 
place and develop political support.

Duflo, Kremer, and Robinson (2011) suggest an innovative variation on a 
smart fertilizer subsidy, based on some farmers being biased toward the pres-
ent and tending to procrastinate on decisions, postponing fertilizer purchases 
until later periods. Under these conditions many farmers in Western Kenya 
fail to make apparently profitable fertilizer investments, but they do buy fer-
tilizer in response to small, time-limited discounts on the cost of buying fertil-
izer just after harvest. Results suggest that this policy can yield higher welfare 
than either no subsidies or heavy subsidies. Small, time-limited reductions 
in the cost of purchasing fertilizer at the time of harvest induce substantial 
increases in fertilizer use, comparable to those induced by much larger price 
reductions later in the season (Duflo, Kremer, and Robinson 2011).

This approach may provide a design for effective small-scale “smart subsi-
dies,” but smart subsidies have often grown into costly large-scale input sub-
sidy programs. Policymakers must consider whether input subsidy programs 
can be sustainable given their high direct and opportunity costs (Ricker-
Gilbert, Jayne, and Shively 2013). A more appropriate role for the government 
in enhancing fertilizer use would be to provide public goods, including exten-
sion services to advise farmers on the appropriate quantity, quality, and tim-
ing of fertilizer applications. Several studies have concluded that commercial 
farmers should pay for extension advice, while the government should provide 
extension services to small producers free of charge (Rivera 2001). Extension 
policies and strategies need to define an effective division of labor between 
public extension and farmer-to-farmer extension (Takahashi, Muraoka, and 
Otsuka 2020) and identify overall objectives for public sector involvement in 
extension (Rivera 2001). Another challenge to privatizing extension services 
is the lack of private providers, especially in remote areas (Jagger and Pender 
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2003). But in some countries that have privatized provision of advisory ser-
vices, many service providers have emerged. For example, in Mali and Uganda, 
there are many nongovernmental organizations (NGOs), private companies, 
and semiautonomous bodies engaged in delivering extension advice to farm-
ers (Qamar 2002). Improved coordination of multiple extension service pro-
viders is also required. Moreover, governments should upgrade infrastructure 
affecting supply and distribution, such as roads and ports. Instead of relying 
on subsidies, improved fertilizer policy should be accompanied by integrated 
soil fertility management based on both organic and inorganic fertilizer appli-
cation and intercropping of staple crops with beans for sustainable productiv-
ity growth (Otsuka and Muraoka 2017).

Mechanization is another private good that often has received public pol-
icy support. Binswanger (1986) shows that “mechanization is most profit-
able and contributes most to growth where land is abundant, where labor 
is scarce relative to land, and where labor is moving rapidly off the land.” 
Mechanization facilitates the trend toward larger farms, and large farms adopt 
new forms of machinery considerably faster than small farms. However, when 
rental or contract operations are developed, mechanization can also spread to 
smaller farms (Binswanger 1986). Evidence shows that, in recent years, con-
tracting of machinery has become more widespread in Asia, as is consolidation 
of farm management into larger units while ownership of individual small-
holdings is often maintained (see, for example, Yang et al. 2013).

While mechanization rarely leads directly to increase in yields, it can stim-
ulate growth when it makes a new method of crop production profitable, as 
in the case of irrigated farming using pumps (Binswanger 1986). Pump irriga-
tion has been a major driver of agricultural growth in Asia, including at least 
four very different situations: (1) the use of tube wells to tap deep aquifers for 
irrigation, as are commonly found in the semiarid regions of Punjab in India, 
and in the North Central Plain of China, and to supply water to urban areas; 
(2) the use of low lift pumps to tap shallow alluvial aquifers that are usually 
replenished every year; (3) pumping of water (either for irrigation or for drain-
age) in major river deltas such as the Chao Phraya and the Mekong; and (4) 
other situations where pumps are used to recycle water from rivers and drains 
(Barker and Rosegrant 2007).

Government interventions to push mechanization have had little success 
and have been very costly. Pakistan subsidized big tractors and prohibited 
imports of all but a few brands, making it almost impossible for innovating 
firms to import smaller foreign designs for local adaptation. Thailand’s con-
trasting laissez-faire policy “resulted in the development of indigenous power 
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tillers and small tractors, a wider choice of machinery, and few adverse social 
consequences” (Binswanger 1986). Only when private tube well imports and 
markets were deregulated did the small-scale tube well revolution take off 
in Bangladesh (Barker and Rosegrant 2007). Similarly, state-led mechaniza-
tion pushes in Africa often failed due to lack of understanding of the nature 
of demand for mechanization technologies among farmers and insufficient 
knowledge of private-sector functions (Diao, Silver, and Takeshima 2016). 
Until recently in Africa south of the Sahara, power tillers and small tractors 
were seldom used. However there has been increasing demand for mechani-
zation there with increasing rural wages and urbanization that has increased 
demand for labor-intensive crops. The rising demand for mechanization 
and the increased number of medium-scale farmers owning tractors in some 
countries have created a private tractor hiring market in some African coun-
tries (Diao et al. 2016). Governments can support research and development 
to manufacture smaller machinery suitable to local conditions and demon-
strate its advantages with training programs and reduce tariffs for imports of 
machinery and spare parts but should not repeat the history of failures of gov-
ernment-run or government-subsidized promotion of mechanization. Rather 
than subsidies, Merrey and Lefore (2018), based on a review of recent pilot 
studies, find that the most promising models to support small farmer adop-
tion of irrigation are “partnerships among microfinance and other institutions 
(e.g., manufacturers, retailers, agricultural advisors); ‘pay-as-you-go’ or rent-
to-own models that spread out payments and enable farmers to begin bene-
fiting immediately, while minimizing risk because the pump is the collateral; 
and contractor or utility models where entrepreneurs offer irrigation services 
rather than selling equipment.”

Remote sensing and precision agriculture coupled with ICT have poten-
tial to boost agricultural productivity and income through improved input 
markets and input-use efficiency. Precision agriculture has mainly been for 
large-scale farming, and these and other advanced technologies coming on 
stream could be characterized by economies of scale or barriers to entry based 
on expertise and financial start-up costs, which can make advanced and larger 
farmers more efficient than small farmers. Thus, it is essential to develop pre-
cision technologies suited to small farmers, as well as enabling conditions such 
as credit and contracting services for precision equipment. Promising appli-
cations are seeking to bridge this gap for small farmers. Hello Tractor is an 
example of a custom tractor company that seeks to fill the demand for tractor 
hire services mentioned above. It is a business platform of entrepreneurs oper-
ating in Africa and Central America, in which small farmers use their mobile 
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phones to contract with Hello Tractor for tractors to plow and harvest their 
fields, track when they will arrive, and make mobile money payments. Hello 
Tractor uses smart tractors linked to the cloud with a GPS antenna and inter-
national SIM card for remote monitoring (Davies and Garrett 2018).

Ekekwe (2017), summarized in Rosegrant (2019), identifies some promis-
ing remote-sensing applications for small farmers. Aerial images from satellites 
or drones, weather forecasts, and soil sensors are making it possible to man-
age crop growth in real time. Zenvus, a Nigerian precision-farming start-up, 
measures and analyzes soil data like temperature, nutrients, and vegetative 
health to help farmers apply the right fertilizer and optimally irrigate their 
farms. The system can improve farm productivity and reduce input waste by 
using analytics to facilitate data-driven farming practices for small-scale farm-
ers. UjuziKilimo, a Kenyan start-up, seeks to use big data and analytic capabil-
ities to transform farmers into a knowledge-based community with the goal of 
improving productivity by adjusting irrigation. SunCulture, which sells drip 
irrigation kits that use solar energy to pump water from any source, can make 
irrigation affordable.

One example of precision agriculture for irrigation in Africa is FruitLook, 
used by farmers in the Western Cape in South Africa, which is a state-of-
the-art information technology that helps deciduous fruit and grape farm-
ers become water efficient and climate smart. A second example is the 
Chameleon and Wetting Front Detector sensors that have enabled small-scale 
farmers in Mozambique, Tanzania, and Zimbabwe to cut irrigation frequency 
and improve productivity (Ncube et al. 2018).

While these new ICT-enabled technologies show promise, they would still 
need to be upscaled to achieve broader impact. Aker et al. (2016) state that, 
although there is substantial potential for ICT-based services to address farm-
ers’ and traders’ information and credit market constraints, economic research 
suggests that the impacts of such services on agricultural adoption, behav-
ior, and welfare are mixed. To improve their effectiveness, information ser-
vices need to be high quality and preferably from a trusted source. Services are 
best “delivered via platforms that build upon local ICT access and usage, pay-
ing particular attention to the gender digital divide” (Aker et al. 2016). IFPRI, 
CCAP, and Asian Development Bank (2019) show that government policies 
can facilitate the effective application of ICT, including e-commerce, in rural 
China: investing in storage and transportation for the development of e-com-
merce in agriculture; investing in farmers’ capacity building through practi-
cal training; providing financial and credit supports for farmers, particularly 
to small farmers; facilitating farmers working together in e-commerce; and 
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improving market regulations and providing a favorable market environment 
for the development of agricultural e-commerce.

Agricultural Credit and Crop Insurance

Simultaneous reform to liberalize and integrate domestic financial capital 
markets would reduce the costs of increased price variability through risk 
pooling on an economywide basis. Financial integration for risk spreading and 
asset accumulation is critical at the rural household level as well. To exploit 
the income-enhancing potential of the commercialization of agriculture, 
financial markets must accommodate the increased ability of households to 
save and build productive asset bases and improve human resources. The pro-
cess of commercialization itself can provide the critical market size required 
for efficient, unsubsidized rural banking with low overhead costs. Effective 
rural financial institutions can in turn assist in the spread of the benefits of 
commercialization more widely across the community and region.

Farmers’ financial needs are becoming more complex and diverse and 
include access to deposit and savings accounts and possibly also investment 
loans for nonfarm business activity as well as for agriculture. There is also 
increasing demand for financial services by many small-scale and part-time 
nonfarm businesses, especially in the service sector, as witnessed by the recent 
explosion in microfinance in rural areas. More flexible and customer- oriented 
financial services are required to meet these needs. In the face of these grow-
ing needs, government intervention has often had negative impacts on rural 
financial markets, limiting their ability to serve not just the rural nonfarm 
economy but even farmers themselves. Government interventions have 
included lending requirements imposed on banks, refinance schemes, loans 
at preferential interest rates, credit guarantees, and lending by government- 
operated development finance institutions. But these interventions have in 
most cases had limited impact on the adoption of new technology or on agri-
cultural production, while seriously impairing the banks, cooperatives, and 
specialized agricultural development banks that have tried to implement them. 
Moreover, government interventions in rural financial markets have often 
failed to provide savings and other financial services demanded by farmers. 
The general failure of directed and subsidized credit calls for a new approach 
that limits the role of financial markets to financial intermediation rather 
than serving as a tool to stimulate production, compensating for distortions in 
other markets, and alleviating poverty. The appropriate roles for government 
are to help the poor while recognizing high fixed costs of lending to the poor 
and to create an environment in which misallocation of financial resources by 
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financial institutions, arising not only from moral hazard and adverse selec-
tion but also from other failures, can be minimized. Among other things, this 
means macroeconomic stability, reasonably low levels of inflation, procedures 
to enforce contracts, the protection of property rights, and a regulatory and 
supervisory system that can ensure prudent financial operations (Rosegrant 
and Hazell 2000).

More recently, careful development of products, policies, institutions, and 
supportive infrastructure has led to greater success than the old paradigm of 
subsidized credit to farmers. Meyer, Zander, and Fritsche (2011) note that 
analysis of the past use of credit subsidies has led to guidelines for “smart” or 
“market-friendly” subsidies. These guidelines include the following: invest in 
the creation of public goods that benefit the entire financial sector; subsidize 
institutions rather than borrowers to reduce distortions, particularly where 
there is natural spillover to nonsubsidized institutions; but require quanti-
tative performance measures to maintain incentives for high performance 
matching contributions from grant recipients to demonstrate commitment.

Nevertheless, for poor households, private financial markets may not work. 
Santos and Barrett (2011) examine social networks and loans to pastoralists 
in Ethiopia and find that the persistently poor are often excluded from the 
social networks needed to obtain loans. This social exclusion leaves the poor 
vulnerable to shocks and largely without credit networks to fall back on in 
times of need. In this context, worries about the crowding-out effect of public 
interventions targeted to the poorest appear misplaced, because there is a high 
probability of poorer members being left uninsured. Empirical results suggest 
that, up to some wealth level, public transfers may even increase private trans-
fers (Santos and Barrett 2011).

Microfinance programs to assist very small farms and part-time nonfarm 
activity (especially among women and the poor) have expanded significantly 
in recent decades and are serving a segment of the rural nonfarm economy 
that has not been widely reached before. Yet, the ultra poor, who cannot 
afford to repay the loans, are usually denied access to microfinance. Even if 
this is the case, microfinance programs may well lead to favorable poverty- 
reduction effects for the direct beneficiaries. However, whether they lead to 
growth in total nonfarm income and employment has been a difficult ques-
tion to answer because microfinance clients are self-selected, which can inval-
idate comparisons over time between clients and nonclients. Thus, Banerjee 
et al. (2013) and Banerjee, Karlan, and Zinman (2015) include rigorous 
impact evaluation case studies of six microcredit programs in selected coun-
tries. These studies find little evidence of transformative effects, lacking clear 
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evidence of reductions in poverty, substantial improvements in living stan-
dards, or improvements in social indicators. However, there is stronger evi-
dence that businesses expand, though to a limited extent, with some increases 
in profits. Authors also find some evidence of effects on occupational choice, 
business scale, consumption choice, female decision power, and improved risk 
management. At the same time, studies find little evidence of harmful effects, 
even with individual lending (in Bosnia and Mongolia) and even at a high real 
interest rate (in Mexico). Microfinance is discussed further in Chapter 16.

Smith and Glauber (2012) show that the range and scope of crop insur-
ance products have rapidly expanded over the past 50 years, particularly in 
developed countries. This expansion has been driven by a wide range of gov-
ernment support, including subsidized premiums and delivery and public 
provision of reinsurance services. Government support made multiple-peril 
or all-risk insurance widely available for crops and attractive to farmers as 
an income-support mechanism. However, willingness-to-pay and demand 
studies show that few farmers are willing to pay the full commercial cost of 
crop insurance, most likely because they have many other, cheaper ways of 
managing risk. Some developing countries, such as India and Mexico, have 
established large-scale, highly subsidized insurance programs like those in 
developed countries. But the heavy subsidies paid by agricultural insurance 
programs for multiple-peril insurance in developed countries are usually not 
fiscally sustainable for governments in developing countries with limited 
financial resources.

The alternative insurance instrument most often proposed is index-based 
insurance. Miranda and Farrin (2012) provide a succinct description of index 
insurance: “Unlike conventional insurance, index insurance indemnifies the 
insured based on the observed value of a specified ‘index.’ Ideally, an index is a 
random variable that is objectively observable, reliably measurable, and highly 
correlated with the losses of the insured, and additionally cannot be influ-
enced by the actions of the insured. The most widely used in index insurance 
contract designs is rainfall.” Because index insurance relies on publicly avail-
able information, is standardized and transparent, and cannot be manipulated 
by the insured, it is less costly to administer than general insurance. However, 
index insurance suffers from “basis risk,” which is the difference between the 
losses actually incurred and the losses insured. Since the indemnity provided 
by index insurance is based on an index rather than on verifiable losses, the 
insured can suffer a significant loss without an insurance contract payout. 
Others may receive payouts without suffering losses, at a financial loss to the 
program. Because of basis risk and the high cost of reinsurance, the results of 
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many index insurance pilot programs have been disappointing. Significant 
uptake of index insurance has usually occurred only if subsidies are provided 
or if it is bundled with other benefits, such as low-interest loans (Miranda and 
Farrin 2012).

Many index insurance pilot projects are assessing different ways to over-
come the problem of basis risk. Dercon et al. (2014) examine the potential 
of offering weather insurance contracts to groups. Groups could improve 
understanding of the product, could be better placed to enforce insurance 
contracts, and could be a means to manage basis risk, if basis risk is not per-
fectly correlated among its members. The empirical results of Dercon et al. 
(2014) show that demand for insurance was increased when groups were pro-
vided training that encouraged sharing of insurance within groups, and one 
mechanism for this higher demand may come from the ability of groups to 
mitigate some of the basis risk inherent in these products. Other approaches 
being tested to alleviate basis risk include gap insurance, which insures against 
basis risk. Recent research shows significant potential for reducing the cost of 
weather-based index insurance through picture-based insurance using smart-
phones (Ceballos, Kramer, and Robles 2019). Widespread adoption of index 
insurance requires a solution to basis risk (see Chapter 17 for further details). 
Long-term public goods investments, such as weather-reporting stations and 
basic data collection and analysis, can help to create the conditions and infra-
structure for robust insurance markets. Complementary investments are 
also needed in basic methods of mitigating risk through low-cost irrigation, 
drought-resistant seed varieties, improved sanitation, and preventive health-
care (Meyer, Zander, and Fritsche 2011).

Natural Resource Management and Sustainable 
Productivity Growth

Land, Water, and Climate Change

LAND

Globally, the largest area of managed land is used for production of crops and 
livestock. Agricultural land covers 38 percent of the world’s land surface. The 
largest amount of this area, nearly 70 percent, is for land use activities related 
to livestock rearing, including feed crop production and pasture. With grow-
ing demand, farmers and herders can intensify production either through 
technological improvements or by bringing new land into production. The 
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potential for further expansion of land for food and feed production is limited 
by physical and economic constraints to conversion of currently unused land 
and is also limited by competition for land use from biofuels, urban expansion, 
forests, climate change mitigation, and biodiversity. Expansion of farmland 
into forests increases greenhouse gas (GHG) emissions, exacerbating climate 
change. Under these conditions, sustainable intensification of existing crop-
lands is essential.

Further challenges arise from land degradation, which is the loss of goods 
and services from ecosystems and includes desertification, deforestation, sali-
nization, and soil erosion. Farm-level land degradation, often driven by unsus-
tainable management practices, has direct on-farm production costs in the 
form of lower crop yields or greater production costs as more fertilizers and 
other inputs are applied to offset yield losses. It also has off-site costs in the 
form of excessive runoff of fertilizers and pesticides, siltation of dams and irri-
gation systems, eutrophication of lakes and oceans, and damage to mangrove 
swamps (Rosegrant, Nkonya, and Valmonte-Santos 2009). Underlying causes 
of land degradation include high population density, poverty, insecure and 
unclear land rights, and lack of access to extension, infrastructure, and mar-
kets (Nkonya et al. 2011). Distorting trade policies, output price policies, and 
input subsidies, particularly for water and fertilizer, have also driven excessive 
use of these inputs, leading to land degradation.

A fundamental underlying condition for sustainable land management 
is effective land rights. Secure property rights to land provide incentives for 
producers to invest in land improvement, new crop varieties, improved crop 
management, and appropriate levels of input use (Otsuka and Place 2001). 
Place (2009) examines the results from economic studies of the relationships 
between land tenure security and agricultural productivity in Africa and how 
these results have been incorporated into policies. Property rights need to be 
clearly defined, understood, and secure. The need for secure tenure is partic-
ularly important for women, who currently face insecure tenure, which leads 
not only to inefficient use of resources but also to weak bargaining position 
within households (see Chapter 15).

A highly debated tenure policy for Africa and other regions is land reg-
istration and titling. Land registration is sometimes promoted as the only 
approach to guaranteeing secure land tenure, but in many cases traditional 
land tenure systems can provide adequate security without introducing 
costly, contentious, and complex land registration and titling systems (Place 
2009). In other cases, traditional or communal systems lead to highly inef-
fective management, with centralized or disputed ownership that prevents 
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individual farmers from investing in and managing their land efficiently. “In 
these cases, instead of costly titling systems, an alternative can be land banks 
that serve as land aggregators that can resolve conflicts related to ownership, 
separate property use rights from ownership rights, and reduce the transac-
tion costs of transferring use rights,” recommends Udry (2012). Land banks 
encourage participatory processes for delineating customary land, terms of 
leases, and processes for ensuring adequate compensation and can be a tool to 
enable customary groups to participate in the formal economy while retaining 
their group ownership and identity. The wide diversity of land tenure types 
and outcomes suggests that there is no “best practice” model for land tenure 
reform; rather, context is key, with land tenure regimes suited to particular 
locations and driven by community leadership as well as national concerns. 
The issue of sustainable use of farm land will be taken up in Chapter 18.

WATER

Rapidly increasing nonagricultural demands for water, changing food pref-
erences, global climate change, and new demands for biofuel production put 
increasing pressure on scarce water resources. Challenges of growing water 
scarcity for agriculture are heightened by the transfer of water from irriga-
tion to household and industrial uses, the increasing costs of developing new 
water sources, soil degradation, groundwater depletion, increasing water 
pollution, the degradation of water-related ecosystems, and wasteful use 
of already developed water supplies. If these challenges are to be met and if 
enough food is to be produced to meet growing demand, a strong irrigation 
sector remains vital. The rapid increases in agricultural yields and outputs 
over the past three decades could not have been achieved without expan-
sion of irrigation. Although irrigation is sometimes associated with adverse 
environmental and sometimes also negative social impacts, it remains one 
of the most critical inputs into farming. Irrigation also contributes to pov-
erty reduction, affordable food prices, and—through its significant multiplier 
effects—improvements in many other livelihood outcomes, such as health 
and nutrition (Rosegrant, Ringler, and Zhu 2009). A major challenge is how 
to make irrigation more effective for increased agricultural production while 
reducing socially wasteful use of irrigation water. Because new investments 
in irrigation and water supply are increasingly expensive and politically sen-
sitive, large-scale water infrastructure investment has a reduced role globally 
compared with past decades (Rosegrant 2019). But small-scale systems, using 
both surface water and groundwater, have substantial potential. The World 
Bank’s Africa Infrastructure Country Diagnostic study concluded that Africa 
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has the hydrological and economic potential to add at least 16 million hect-
ares of profitable, large-scale irrigation and 7 million hectares for farmer-led 
irrigation. The internal rate of return was substantially larger for individual 
systems and those managed by farm communities (You et al. 2011). An even 
larger potential was shown for profitable smallholder irrigation expansion in 
Africa south of the Sahara, up to 30 million hectares for motor pumps (Xie et 
al. 2014).

While cost-effective irrigation development remains important, past mis-
takes in development need to be avoided and alleviated. De Fraiture, Molden, 
and Wichelns (2010) point out that poorly conceived or poorly implemented 
water management interventions can have high social and environmental 
costs, including inequity in the allocation of benefits and undesirable impacts 
on natural resources. Irrigation (and domestic and industrial water use) has 
encroached on common pool resources such as rivers and wetlands. Dam 
building has displaced some communities, often without adequate compensa-
tion (de Fraiture, Molden, and Wichelns 2010).

A promising avenue for addressing water shortfalls and avoiding envi-
ronmental damage from wasteful water use is to implement incentive policy 
reform to enhance the efficiency of existing water use, supported by infra-
structure investment to modernize and upgrade existing irrigation and water 
delivery systems. Establishment of clear water rights for water users is an 
important tool, inducing users to consider the full opportunity cost of water, 
including its value in alternative uses, thus providing incentives to economize 
on the use of water. Improvements in the irrigation sector to increase water 
use efficiency must be made at the technical, managerial, and institutional 
levels. Establishing physical controls on water usage within the river basin, 
including rationing or quotas, through enforcement of water rights would 
increase the likelihood that local irrigation efficiencies from irrigation tech-
nology and management reform translate to basin-level efficiency and real 
water savings. Building on water rights, introducing market (or market-style) 
incentives into water use decision-making can also improve the efficiency of 
water use. Marginal cost pricing is not likely to be successful in the irrigation 
sector. Prices high enough to induce significant changes in water allocation 
or recover capital costs will severely reduce small farm income in developing 
countries (Perry 2001). In addition, measurements of water use by individ-
ual farmers are difficult to obtain, and without them price incentives to save 
water cannot be provided to individual users (Kajisa and Dong 2017). The 
water rights approach is therefore preferred to water pricing to support water 
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efficiency in the irrigation sector (Rosegrant 2019). With appropriate policies 
and water management practices, much can be done in the irrigation sector to 
conserve water, and enhanced domestic sewage treatment and industrial recy-
cling and effluent treatment will also be important in improving water avail-
ability in many developing countries (Rosegrant, Ringler, and Zhu 2009).

Under some conditions, community management of water resources is 
more effective than market-based approaches. Water can often be considered 
a common pool resource (CPR), as defined by Ostrom et al. (1999): “CPRs 
include natural and human constructed resources in which exclusion of ben-
eficiaries through physical and institutional means is especially costly, and 
exploitation by one user reduces resource availability for others.” In this situ-
ation, individuals following their own short-term interests can cause overex-
ploitation of the commons and collapse of the resource, the so-called tragedy 
of the commons. But the tragedy of the commons is not inevitable. Ostrom 
et al. (1999) lay out the key principles for success in managing the com-
mons. Cox, Arnold, and Tomás (2010) and Holden and Tilahun (2018) fur-
ther assess these principles empirically. Although tragedies of the commons 
have occurred, for thousands of years people have also self-organized to man-
age CPRs, devising long-term, sustainable institutions for governing these 
resources (Ostrom et al. 1999). Community management of water resources 
with establishment of customary water rights and rules governing water allo-
cation is one such approach to governing the commons that can lead to effec-
tive water management. How to deal with growing scarcity of water is further 
discussed in Chapter 20.

CLIMATE CHANGE

The Intergovernmental Panel on Climate Change (IPCC) has shown that 
global average temperatures have risen by roughly 0.13°C per decade since 
1950, and they expect a faster pace of about 0.2°C per decade over the next 
two to three decades (Lobell, Schlenker, Costa-Roberts 2011). Modeling by 
Lobell et al. shows that “global maize and wheat production declined by 3.8 
and 5.5 percent, respectively, relative to a counterfactual without climate 
trends.” The estimated change in crop production excluding and including 
carbon dioxide (CO2) fertilization translates into average commodity price 
increases of 18.9 and 6.4 percent. “Climate trends were large enough in some 
countries to offset a significant portion of the increases in average yields that 
arose from new improved technology, CO2 fertilization and other factors” 
(Lobell et al. 2011). Thus, climate change is becoming a major challenge to 
agricultural development.
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A recent systematic review by Knox et al. (2012) summarized by Wheeler 
and von Braun (2013) found that average crop yields may decline across Africa 
and Asia by 8 percent by the 2050s. “Across Africa, yields are predicted to 
change by -17 percent (wheat), -5 percent (maize), -15 percent (sorghum), 
and -10 percent (millet) and, across South Asia, by -16 percent (maize) and 
-11 percent (sorghum) under climate change. No mean change in yield was 
detected for rice” (Wheeler and von Braun 2013). A global review of crop 
model results by Challinor et al. (2014) found similar orders of magnitude for 
wheat, maize, and rice (with slightly negative impacts on rice), and greater neg-
ative yield effects in tropical regions than in temperate regions.

Nelson et al. (2014) presented climate change results from a model com-
parison exercise with 10 of the leading global economic models that have sig-
nificant representation of agriculture. These models account for the initial 
biophysical impacts of climate change on crop yields estimated from crop 
models but also take into account the subsequent feedback effects from eco-
nomic responses that will tend to dampen the initial crop yield impact. The 
results show a great deal of variation across models, but the average yield 
impacts of climate change across models and scenarios in 2050 after economic 
adjustments are -12.5 percent for coarse grains (mainly maize), -9.3 percent 
for rice, and -9.9 percent for wheat. Prices are projected to increase on aver-
age by 11.8 percent for maize, 13.9 percent for rice, and 15.9 percent for wheat 
(Nelson et al. 2014). An earlier review of climate change results from eco-
nomic models (Parry et al. 2009) showed slightly higher increases in food 
prices, with a range of price increases of about 10 to 30 percent by 2050 due to 
climate change, and a median estimate of around 20 percent. The projected 
impact of climate change on the risk of hunger showed increases in hunger 
of about 10 to 20 percent by 2050. A detailed assessment of climate change 
impacts, and the possibility of mitigation of and adaptation to climate change 
in agriculture, is provided in Chapter 19.

In addition to the production and price effects, frequent occurrence of 
extreme weather events, such as drought and floods, is likely to increase vari-
ability in food supply, which in turn affects variability of household incomes 
and food security. Wheeler and von Braun (2013) conclude that the “strong 
evidence on the negative impacts of climate change on food security supports 
the need for considerable investment in adaptation and mitigation actions 
toward a ‘climate-smart food system’ that is more resilient to climate change 
influences on food security.”
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Sustainable Food System for the Future

Garnett et al. (2013) address key challenges for a sustainable food system. 
Food needs to be produced in ways that place far less pressure on the environ-
ment and that sustain its capacity to continue producing food in the future. 
Increased production must be met through higher yields because increasing 
the area of land in agriculture imposes major environmental costs. Expansion 
of agricultural land will in many places encroach on forests, wetlands, or 
grasslands, whose conversion would increase GHG emissions and the loss 
of biodiversity and important ecosystem services. But sustainably increasing 
production is not enough. Richer countries should reduce consumption of 
resource-intensive foods (such as meat and dairy products) and food loss and 
waste should be reduced in both developing and developed countries (Garnett 
et al. 2013).

Godfray et al. (2010) provide a broad overview of the key components of 
sustainable production growth. First is reducing the yield gap by moving farm-
ers toward existing yield potential by reducing constraints to farmer access 
to seeds, water, nutrients, pest management, soils, biodiversity, finance, and 
knowledge. Second is increasing production limits through modern genetic 
techniques and a better understanding of crop physiology to allow for a more 
directed approach to selection across multiple traits. Gene sequencing and 
marker-assisted selection are speeding up the development of new, stress- 
tolerant and high-yielding varieties. Genetically modified (GM) crops also 
have potential to provide a broader combination of desirable traits, includ-
ing the introduction of new traits such as drought tolerance. Third, waste can 
be reduced. Food losses can occur at any point in the value chain—from pro-
duction (crop damage, spillage) to postharvest and processing stages (attacks 
from insect or microorganisms during storage), distribution (poor infrastruc-
ture, cold storage), and retail sale through home consumption (spoilage, table 
waste). In developing countries, losses occur mainly due to constraints in 
harvesting methods and techniques, lack of storage and/or cooling facilities, 
and poor marketing and transport systems. In developed countries, the big-
gest losses occur mainly after food reaches retail, restaurants, and home con-
sumption. The potential scope for economically reducing food losses remains 
uncertain, but investments in reducing food loss and waste can be a comple-
ment to increasing productivity growth (Rosegrant et al. 2018). Fourth, diets 
should change, to include more fruits and vegetables and less meat in those 
regions that currently consume high-meat diets. Fifth, aquaculture should be 
expanded on a sustainable basis through advances in hatchery systems, feed 
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production and feed-delivery systems, disease management, and better stock 
selection and potentially through larger-scale production technologies, aqua-
culture in open seas and larger inland water bodies, and the culture of a wider 
range of species (Godfray et al. 2010).

In the past few years, gene editing has emerged as a key new tool for crop 
improvement, with great potential for enhancing agricultural productiv-
ity, food security, and resilience to climate change. Gene editing differs from 
GMOs because it does not splice foreign genes into an organism. It may there-
fore be subject to an appropriately lower regulatory burden than GMOs and 
may avoid the negative public perception surrounding genetically altered crops, 
although debates are continuing. Gene editing technology such as CRISPR is 
more accessible to smaller companies and labs than genetic modification tech-
nology, allowing far broader participation and competition, particularly if the 
regulatory costs are indeed significantly lower, as argued in Chapter 21.

Thornton (2010) provides a comprehensive summary of trends in the live-
stock sector. Livestock systems have a global asset value of at least US$1.4 
trillion, employ at least 1.3 billion people globally, directly support the liveli-
hoods of 600 million poor smallholder farmers in the developing world, and 
account for about one-third of agricultural value-added. Livestock products 
contribute 17 percent to kilocalorie consumption and 33 percent to protein 
consumption globally, with far higher per capita consumption in rich coun-
tries. Rapid growth in livestock production is being driven by the rapidly 
increasing demand for livestock products, with this demand being driven by 
population growth, urbanization, and increasing incomes in developing coun-
tries (Thornton 2010).

The expansion of livestock production needs to take place in a way that 
allows poorer consumers to benefit from increased production and that 
reduces its impact on the environment, while balancing trade-offs between 
food security, poverty, equity, environmental sustainability, and economic 
development. Key innovations are needed in breeding and feeding programs 
that will focus not only on production and productivity, but also on product 
quality, animal welfare, disease resistance, and reduction in GHG emissions 
and other environmental impacts (Thornton 2010).

Pingali and Rosegrant (2000) review the ecological consequences of inten-
sive rice production as typified by the Green Revolution. In the long run, if 
not managed properly, intensification can impose significant environmen-
tal costs. Environmental consequences of lowland rice intensification include 

“(i) the build-up of salinity and waterlogging; (ii) the depletion/pollution of 
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(ground) water resources; (iii) the formation of a hardpan (subsoil compac-
tion); (iv) changes in soil-nutrient status, nutrient deficiencies, and increased 
incidence of soil toxicities; and (v) increased pest build-up, pest-related yield 
losses, and associated consequences of increased and injudicious pesticide use” 
(Pingali and Rosegrant 2000). However, intensification per se is not the root 
cause of environmental and ecological damage. Environmental degradation in 
intensified agriculture occurs mainly when incentives are incorrect, due to bad 
policy, missing markets, or a lack of knowledge of the underlying processes 
of degradation.

Policies that support more sustainable and intensified agriculture while 
protecting the environment include “the removal of incentive-distorting sub-
sidies and taxes; the establishment of secure property rights; increased invest-
ments in research, education, and training; improved public infrastructure; 
better integration of international commodity markets; and a greater inclu-
sion of populations in developing countries into these markets. Appropriate 
policies will provide farmers with the incentives to invest in more sustainable 
land and crop-management practices” (Pingali and Rosegrant 2000).

Halberg et al. (2006) note that modern noncertified organic farming is 
a potentially sustainable approach in regions such as parts of Africa, which 
have low yields due to poor access to inputs or low yield potential, because it 
involves lower economic risk than technologies based on purchased inputs. 
In these regions, locally adapted agroecological methods can improve the 
yields and sustainability of smallholder farms and increase local food secu-
rity. But in higher-yielding production regions, yields of organic farming are 
between 15 and 35 percent lower than present yields when comparing sin-
gle crops (Halberg et al. 2006). Two recent metastudies showed that yields of 
organic agriculture average 20 to 25 percent less than conventional agricul-
ture, but with large variations (de Ponti, Rijk, and van Ittersum 2012; Seufert, 
Ramankutty, and Foley 2012). Nitrogen leaching and emissions of nitrous 
oxide and ammonia are lower in organic agriculture than in conventional 
agriculture on an area basis, due to lower nitrogen inputs, but they are usually 
larger per unit of product because of conventional agriculture’s higher crop 
yields per hectare (Pimentel et al. 2005; Balmford, Green, and Phalan 2012; 
Tuomisto et al. 2012).

As was pointed out in Chapter 1, how we build a new food system that is 
simultaneously nutrition and health driven, productive and efficient, envi-
ronmentally sustainable and climate smart, inclusive, and business friendly is 
a challenge we must face. We will discuss key elements of such a food system 
and strategy to achieve it in Chapter 22.
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Development





CHANGING FARM SIZE AND AGRICULTURAL 
DEVELOPMENT IN EAST ASIA

Futoshi Yamauchi, Jikun Huang, and Keijiro Otsuka

When labor is abundant relative to land in the early stage of economic devel-
opment, labor-intensive methods of cultivation are socially efficient. In such 
cultivation systems, no major indivisible inputs are used and, hence, there is 
no major source of scale economies. Roughly speaking, a farm of 1–2 hect-
ares can be managed efficiently by family labor consisting of a few workers. 
Beyond that scale, hired labor must be employed. However, the monitoring 
cost of hired labor arises, which increases more than proportionally with the 
cultivation size (Feder 1985; Otsuka, Chuma, and Hayami 1992; Hayami and 
Otsuka 1993). This explains why the family farm dominates in agriculture in 
most countries in the world (Berry and Cline 1979; Eastwood, Lipton, and 
Newell 2010). Thus, the optimum farm size in low-wage economies is bound 
to be small because of the limited availability of family labor and the costly 
substitution of capital for labor. This situation was predominant in East Asia 
(that is, Northeast and Southeast Asia), which justifies the dominance of rela-
tively small operational sizes.

In the process of the economic development in East Asia, which accompa-
nies the continuous increases in the real wage rate, the comparative advantage 
of the economy in most Asian countries has been shifting from agriculture to 
nonagricultural sectors. A part of the reason could be the small farm size, pre-
dominant in this region, which requires labor-intensive cultivation (Estudillo 
and Otsuka 2016). Farm size expansion, however, is difficult to realize due 
to the imperfection of land markets (Otsuka 2007). As a result, high-income 
countries or economies in East Asia, for example, Japan and the Republic of 
Korea, have been increasing imports of grains.

The striking feature of East Asia is its historically unprecedented rapid 
and successful industrialization, realized outside European and North 
American continents, which transformed the economies, including agricul-
ture. A large part of the rural population had a chance to migrate to urban 
sectors that are highly able to absorb surplus labor from rural origins. As a 
result, the real wage rate and therefore the opportunity cost of family labor in 
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agriculture also increased continuously. Labor abundance disappeared in most 
of East Asian agriculture. To reduce the labor cost, farmers need to substitute 
machines for labor. To operate machines more efficiently, farm size must be 
expanded. Since large machines are indivisible, scale advantages arise. Thus, 
larger farms become more efficient than smaller farms, and so the land must 
be transferred from the smallholder farmers to the larger farmers.

In light of these emerging challenges, the second section of this chap-
ter overviews historical paths taken by agriculture in the region following 
Hayami and Ruttan (1985, Chapter 5). We cover both Northeast Asia (China, 
Japan, and the Republic of Korea) and Southeast Asia (Cambodia, Indonesia, 
Lao PDR, Malaysia, Myanmar, the Philippines, Thailand, and Viet Nam). 
The third section summarizes what changes industrialization (and income 
growth) has brought to agriculture and food demand structure in East Asia. 
In other words, the section describes the emerging challenges in detail. The 
fourth section examines technological, institutional, and market innovations 
that have recently emerged in response to the challenges mentioned above. 
The final section is the conclusion of this chapter.

Productivity Growth in agriculture
In this section, we follow Chapter 5 of Hayami and Ruttan (1985) to over-
view long-term changes experienced by East Asian countries. Asian paths in 
Hayami and Ruttan (1985) are characterized by continuous efforts to increase 
land productivity by intensifying labor and other input use, especially through 
biochemical technological innovations, given that the initial condition was 
that the majority of farmers were small family-based cultivators including 
owner and tenant farmers. Arable land per person, land-labor ratio, and the 
average farm size were generally small under high population density (though 
there are some differences in the initial factor endowment between Northeast 
Asia and Southeast Asia). As described in the next section, rapid and suc-
cessful industrialization in this region has absorbed a large share of the labor 
force, which has resulted in a shortage of labor in agriculture. The rapidly ris-
ing real wage makes it necessary to substitute for labor. Divergence from his-
torical paths observed in the past has been recently confirmed in Japan and is 
expected to happen soon in many other countries in the region.

Factor Endowment

First, we characterize factor endowments in the region by looking at changes 
in arable land per person residing in rural areas and the average farm size. 
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Table 3.1 shows agricultural land per rural population from 1961 to 2016. 
In 1961, Japan and the Republic of Korea in Northeast Asia had relatively 
small amounts of arable land per rural population. Countries in Southeast 
Asia, except Viet Nam, had relatively large amounts of arable land per rural 
population. China had a relatively large area of arable land per rural popula-
tion. Interestingly, we observe a clear contrast between the above two groups. 
While the second group (Southeast Asia) decreased arable land over time, the 
first group marginally increased arable land or maintained the same level over 
time. In Japan, arable land per rural population was almost the same in 1961 
and 2000, but it increased after 2000. China and the Republic of Korea expe-
rienced an increase in arable land over time, largely due to fast and large-scale 
urbanization. In contrast, the countries in Southeast Asia, except Malaysia, 
monotonically decreased arable land per rural population in 1961 to 2000, 
although the initial size differed across countries (the largest size was observed 
in Cambodia, Lao PDR, and Myanmar, the smallest in Viet Nam). Except for 
the Philip pines, however, all of them experienced a slight increase after 2000. 
In East Asia, there was a turning point in agricultural land per rural popula-
tion around 2000, and since then the emerging trend has been toward increase.

Figure 3.1 shows changes in the average farm size in the region. Though 
the initial size differs between Northeast and Southeast Asia and many coun-
tries showed decreasing trends until 2000, Japan clearly showed an increase 
in the average size recently. Farm size expansion has also been taking place in 
China since the early 2000s through land rental markets (Huang and Ding 

TAbLE 3.1 Agricultural land in square kilometers per person (rural population)

Country 1961 1980 2000 2016

Japan 0.002093 0.002178 0.001941 0.005798

rep. of Korea 0.001147 0.001362 0.002060 0.001907

China 0.006225 0.005404 0.006447 0.008856

Cambodia 0.006677 0.004395 0.004821 0.004378

Indonesia 0.005027 0.003308 0.003845 0.004794

Lao pDr 0.007764 0.005625 0.004343 0.005809

Malaysia 0.005091 0.006205 0.007964 0.011231

Myanmar 0.006049 0.004093 0.003212 0.003692

philippines 0.004089 0.003586 0.002768 0.002161

thailand 0.005147 0.005459 0.004592 0.006625

Viet Nam 0.002200 0.001562 0.001446 0.001958

Source: Data from World Bank (2019).

ChaNgINg FarM SIze aND agrICuLturaL DeVeLopMeNt IN eaSt aSIa 81



2016). The decreasing trend in the Philippines and Thailand was especially 
clear after 1980.

Obviously, whether farm size increases in Asia is a serious issue. The aver-
age operational farm size was already small in the 1970s, ranging from 1 hect-
are in Indonesia and Japan to 3 or 4 hectares in the Philippines and Thailand. 
It has declined in subsequent periods in all these countries, except in Japan 
and China, because of rapid population growth in rural areas. Farm size 
increased in Japan and China, but it is far below the average farm size in 
high-income economies in Europe and North America where farms of more 
than 100 hectares are common. If small farms continue to dominate and 
become a major constraint on large-scale mechanization in high-wage Asian 
economies, the continent could become a gigantic importer of food grains. 
This has already happened in high-income economies in Asia, such as Japan 
and the Republic of Korea (Otsuka 2013). In an attempt to address this issue, 
the Chinese government has started facilitating land consolidation through 
the rental market and introduced subsidies for mechanization. Therefore, the 
farm size in China is expected to increase much faster than generally assumed.1

1 It is noted that China food grains (rice and wheat) consumption has been declining and will fall 
more rapidly in the coming decades. The recent projections show that China may not need to 

FIGURE 3.1 Changes in farm size (hectares) in East Asia, 1960 to 2014
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Productivity Growth

This subsection characterizes productivity growth, both partial and total, fol-
lowing Hayami and Ruttan (1985). Figure 3.2 shows the relationship between 
output per worker (horizontal axis) and output per agricultural land (vertical 
axis), both of which are log transformed. First, overall, countries in the region 
followed the so-called Asian path, described in Hayami and Ruttan (1985), in 
which land productivity increases faster than labor productivity in the early 
period followed by fairly rapid growth of labor productivity, even after the 
mid-1980s. The clearest case is the Republic of Korea. The two economies of 
the Republic of Korea and Japan started almost from an identical path (initial 
condition), whereas development stages were different across them. Second, 
divergence is clearly detected in Japan away from this path; labor productivity 

import significant food grains, but imports of soybean, maize, edible oils, sugar, and dairy will 
rise in the future (Huang et al. 2017).

FIGURE 3.2 Output per worker versus output per hectare of agricultural land in East Asia, 
1961 to 2014
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keeps increasing while land productivity remains constant. That is, Japan is 
approaching the European path, described by Hayami and Ruttan (1985), 
which is closely related to an increase in farm size and mechanization. Third, 
Malaysia follows a unique path; labor productivity is clearly higher than other 
countries at the same level of land productivity. Although the analysis is 
descriptive and not rigorous, trends observed in Figure 3.2 seem largely consis-
tent with the Hayami-Ruttan induced innovation hypothesis.

Figure 3.3 shows the relationship between land-labor ratio (vertical axis) 
and machine use per worker (horizontal axis), both of which are log trans-
formed. First, Japan, the Republic of Korea, and Viet Nam seem to fol-
low a similar path (starting from a nearly identical land-labor ratio), though 
machine use in Viet Nam clearly is still at the early stage relative to Japan and 
the Republic of Korea. Machine use per worker in Viet Nam is comparable 
to that of many countries in Southeast Asia. Second, Malaysia stands alone 
in starting from a very high land-labor ratio and achieving high machine use 
per worker (almost the same level of land-labor ratio as in Japan). Third, other 
countries, including China, fall between the above two cases. In China, an 

FIGURE 3.3 Land-labor ratio and machine use per worker, 1961 to 2014
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increase in machine use per worker recently seems to happen with an increase 
in land-labor ratio. In the Philippines, Indonesia, and Thailand, machine 
inputs per worker increased while land per worker has been relatively constant. 
Nonmonotonicity observed in Cambodia and Myanmar seems to be related 
to data problems.

According to Figure 3.3, the land-labor ratio is significantly related to 
machine use per worker, which can be interpreted as a proxy for mechani-
cal technology. Interesting observations are that land-labor ratio is higher in 
Malaysia compared with machine use per worker, and it is lower in Japan and 
the Republic of Korea compared with machine use per worker. These obser-
vations suggest that Japan and the Republic of Korea failed in expanding land 
area per worker because of the protective agricultural policies, which deter the 
exodus of the rural population. It seems that not only factor endowment, but 
also other factors affect the mechanization.

Figure 3.4 shows the relationship between fertilizer use per agricultural 
land area (horizontal axis) and output per agricultural land area (vertical axis), 
both of which are log transformed. According to this figure, land productivity 

FIGURE 3.4 Land productivity and fertilizer input per hectare, 1961 to 2014
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is consistently and almost completely explained by fertilizer use per agricul-
tural land area. Fertilizer use per agricultural land area can be interpreted as a 
proxy for biological-chemical technology. Strikingly similar paths across East 
Asian countries suggest that similar biological-chemical technologies, rep-
resented by fertilizer-using and high-yielding Green Revolution–type tech-
nologies of wheat and rice, have been developed and diffused in this region, 
beginning in Japan before World War II and transferred to tropical Asia pri-
marily in the 1970s and 1980s (see Chapter 11). The elasticity of land produc-
tivity growth to fertilizer input is relatively low when fertilizer input level (per 
land area) is still low (below 4 log transformed), but land productivity growth 
appears to accelerate in response to fertilizer inputs once fertilizer use is inten-
sified. This observation suggests that fertilizer-using and land-saving technol-
ogy is developed in the process of economic development that accompanies 
growing scarcity of land. In other words, consistent with the Hayami-Ruttan 
induced innovation hypothesis, fertilizer-using technology is developed to 
save an increasingly scarce factor of production, that is, land. In this context, 
Japan, the Republic of Korea, China, Viet Nam, Indonesia, the Philippines, 
and Malaysia are all above the threshold. In Myanmar, Cambodia, and Lao 
PDR, land productivity increased without intensification of fertilizer use, 
which is somewhat puzzling.

Table 3.2 compares average annual total factor productivity (TFP) growth 
rate estimates in East Asia (Nin-Pratt 2018). First, China shows outstand-
ing performance after 1980. In crop production, Viet Nam had the highest 
TFP growth after 1980, while Malaysia shows high TFP growth in livestock 
before and after 1980. Many countries in Southeast Asia had also experienced 
high TFP growth in 2001 to 2008. High TFP growth observed in Southeast 
Asia before 1980 by some studies (for example, Dias Avila and Evenson 2010) 
is not confirmed in Table 3.2, which implies that the Green Revolution 
was not mainly driven by TFP growth, but associated with intensive uti-
lization of inputs such as fertilizers. See Pingali (2012) for more about the 
Green Revolution. Fan and Brzeska (2010, Sections 4 and 5) reviewed TFP in 
Northeast Asian countries, which points to the importance of institutional 
and policy reforms in determining TFP.

In sum, countries in the region followed the so-called Asian path, 
described in Hayami and Ruttan (1985), that is, land productivity increas-
ing faster than labor productivity in the early period, but Japan seems to 
divert from the path by rapidly increasing labor productivity, approach-
ing the European path, which is closely related to an increase in farm size 
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and mechanization in recent years. Many countries in Southeast Asia had 
favorable land endowments in the initial conditions, but more recently both 
land-labor ratio and machine use per worker increase together in these coun-
tries following the cases of Japan and the Republic of Korea due to significant 
labor shortage common in the region.

agricultural Growth, Urbanization,  
and Food Demand
In this section, we discuss details of recent economywide changes highly rel-
evant to agriculture, including the development of nonagricultural sectors, 
intersectoral and interregional labor mobility, and changes in factor prices. 
The fastest and most successful industrialization experienced in this region 
inevitably accompanied rapid urbanization and created scarcity of labor in 
rural areas and therefore increased real rural wages. In rural areas, nonagricul-
tural sectors also developed and absorbed labor from agriculture. As a result, 
the opportunity cost of farming has dramatically increased in the region. 
Income growth has contributed to large poverty reduction (though the head 
counts of the poor are large in this region due to its large population size) and 
transformation of food demands.

TAbLE 3.2 Average TFP growth rate for different periods

Country 1961–1970 1971–1980 1981–1990 1991–2000 2001–2008 2009–2014

Japan 0.00090 0.00496 0.00680 0.00445 0.01168 0.00059

rep. of Korea −0.02684 −0.00528 0.00864 0.02373 0.00791 0.00709

China 0.00736 −0.00299 0.03125 0.03284 0.02181 0.01261

Cambodia −0.02254 −0.03897 −0.00997 0.02180 0.01478 0.01118

Indonesia 0.00103 −0.00068 −0.00966 −0.00144 0.02579 0.00416

Lao pDr −0.02425 −0.01032 0.00039 0.02613 −0.01723 0.02890

Malaysia 0.00492 0.00575 0.00692 0.01058 0.03615 −0.01082

Myanmar −0.03009 0.00050 −0.00060 0.01963 0.05342 −0.04323

philippines −0.01365 0.00943 −0.00363 0.00159 0.02047 −0.00095

thailand −0.01397 0.00106 −0.02145 0.01070 0.01740 0.01304

Viet Nam −0.01498 0.00882 0.01395 −0.00395 0.02036 0.01051

Source: Nin-pratt (2018).
Note: tFp = total factor productivity.
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Industrialization, Urbanization, Employment,  
and Poverty Reduction

Declining shares of agriculture in gross domestic product (GDP) and employ-
ment occurred very rapidly in Northeast Asia. Rural labor was absorbed 
by nonagricultural sectors largely located in urban areas and newly created 
local cities and towns. Table 3.3 shows the share of the population that was 
urban from 1960 to 2018. Except in Japan where the share was already above 
60 percent in 1960, the shares ranged between 8 and 30 percent in 1960. The 
Philippines had the highest share, 30 percent, and Lao PDR had the lowest 
share, 8 percent, in the region. By 2010, Japan reached above 90 percent, fol-
lowed by the Republic of Korea, 82 percent. Since the share in the Republic of 
Korea was about 28 percent in 1960, the speed of that country’s urbanization 
was very fast.

When the countries are grouped by percentage of urban population, there 
are three groups in the region. The first group consists of high-income coun-
tries, that is, Japan, the Republic of Korea, and Malaysia, in which more than 
75 percent of the population was urban by 2018. The second group, China, 
Indonesia, the Philippines, and Thailand, had 45 to 60 percent of the pop-
ulation in urban areas in 2018. The last group consists of low-income coun-
tries, that is, Viet Nam, Myanmar, Lao PDR, and Cambodia, where the share 
of urban population was around or below 35 percent in 2018. Since the share 
of urban population is correlated with the share of employment in agriculture, 
the table likely indicates that these countries went through a declining share 
of population engaged in agriculture with the development of economies.

Rapid industrialization and urbanization in the region have increased 
stress on natural resources, particularly fresh water, which is essential to agri-
cultural production. Table 3.4 shows freshwater withdrawal by sectors: agri-
cultural, industrial, and municipal (domestic) use. The share of agriculture is 
relatively low in Japan (67 percent), the Republic of Korea (55 percent), China 
(66 percent), and Malaysia (22 percent). Indonesia and the Philippines remain 
at 81–82 percent, and the rest of Southeast Asian countries are at about 
90 percent. Except in Malaysia, the share of agriculture is inversely correlated 
with industrial development and urbanization in the region. The issue of 
increasing water scarcity will be discussed in Chapter 20.

In Figure 3.5, we examine the relationship between shares of GDP and 
employment in agriculture in the period from 1961 to 2015. Both shares 
tended to simultaneously decrease over time, though there are variations 
across countries. The Republic of Korea showed the largest changes in both 
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GDP and employment shares. Starting from low levels of GDP and employ-
ment shares, the paths of Japan and Malaysia also overlap that of the Republic 
of Korea. A similar path is followed by the Philippines, Indonesia, China, 
and Viet Nam. In contrast, Thailand showed a unique pattern, in which the 
share of GDP decreased first while that of employment stayed relatively con-
stant. This indicates that the share of nonfarm income of agricultural house-
holds increased. Subsequently the employment share started decreasing, 

TAbLE 3.3 Share of urban population (%) in East Asia, 1960 to 2018

Country 1960 1970 1980 1990 2000 2010 2018

Japan 63.3 71.9 76.2 77.3 78.6 90.5 91.7

rep. of Korea 27.7 40.7 56.7 73.8 79.6 81.9 81.5

China 19.5 17.4 19.4 26.4 36.2 50.0 59.2

Cambodia 10.3 16.0 9.9 15.5 18.6 19.8 23.4

Indonesia 14.6 17.1 22.1 30.6 42.0 49.9 55.3

Lao pDr 7.9 9.6 12.4 15.4 22.0 33.1 35.0

Malaysia 26.6 33.5 42.0 49.8 62.0 70.9 76.0

Myanmar 19.2 22.8 24.0 24.6 27.0 31.4 30.6

philippines 30.3 33.0 37.5 48.6 48.0 45.3 46.9

thailand 19.7 20.9 26.8 29.4 31.4 44.1 49.9

Viet Nam 14.7 18.3 19.2 20.3 24.4 30.4 35.9

Source: Data from World Bank (2019).

TAbLE 3.4 Freshwater use by sectors in East Asia in the early 21st century

Country
Agricultural

(100 m3/year)
Industrial

(100 m3/year)
Municipal

(100 m3/year)
Total

(100 m3/year)

Japan 54.4 (2009) 11.6 (2009) 15.4 (2009) 81.5 (2009)

rep. of Korea 16.0 (2003) 4.5 (2002) 6.9 (2005) 29.2 (2005)

China 385.2 (2015) 133.5 (2015) 79.4 (2015) 598.1 (2015)

Cambodia 2.0 (2006) 0.0 (2006) 0.1 (2006) 2.2 (2006)

Indonesia 92.8 (2000) 24.7 (2005) 14.0 (2005) 113.3 (2000)

Lao pDr 3.2 (2005) 0.2 (2003) 0.1 (2003) 3.5 (2005)

Malaysia 2.5 (2005) 4.8 (2005) 3.9 (2005) 11.2 (2005)

Myanmar 29.6 (2000) 0.5 (2005) 3.3 (2000) 33.2 (2000)

philippines 67.1 (2009) 8.3 (2009) 6.2 (2009) 81.6 (2009)

thailand 51.8 (2007) 2.8 (2007) 2.7 (2007) 57.3 (2007)

Viet Nam 77.8 (2005) 3.1 (2005) 1.2 (2005) 82.0 (2005)

Source: Data from Fao (2018).
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which brought Thailand back to a situation comparable to the Philippines 
and Indonesia.

Figures 3.6 and 3.7 show changes in employment and GDP shares, respec-
tively, from 1961 to 2015, to confirm the decreasing trends in these shares. In 
employment share, Japan, the Republic of Korea, and Malaysia were the first 
to reach a very low level. The speed of the decrease in the Republic of Korea is 
remarkable, as its initial condition was comparable to that of many Southeast 
Asian countries. The second group, consisting of the Philippines, Thailand, 
Indonesia, China, and Viet Nam, still keep the share of employment in 
agriculture between 30 and 50 percent. In Indonesia, the Philippines, and 
Thailand the reduction in employment (share) accelerated after 1980. The 
employment share in the rest of the countries, namely, Cambodia, Lao PDR, 
and Mayanmar, seems to remain relatively high. In Figure 3.7, aside from 
Japan, we clearly observe two groups: the Republic of Korea, China, Indonesia, 

FIGURE 3.5 GDP share and employment share of agriculture (%) in East Asia, 1961 to 2015
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the Philippines, Thailand, Malaysia, and Viet Nam as the first group, and 
Cambodia, Lao PDR, and Mayanmar as the second group. The first group 
started from 25–45 percent in 1961 and reached 10–15 percent in 2015. Note 
that the path of the Republic of Korea recently converged with the path of 
Japan, which started from an exceptionally low share of GDP in 1961. The 
second group still maintains about 30 percent of the GDP share in agriculture.

Along with successful industrialization, this region has experienced the 
above-mentioned transformation of the agricultural sector in the economy 
and unprecedented income growth and poverty reduction. Figures 3.8 and 3.9 
show changes in the poverty gap and the head count ratio of poverty in rural 
areas, respectively. Both graphs clearly show a reduction of poverty level as 
well as its convergence. China, Indonesia, and Viet Nam showed remarkable 
reductions in their poverty gaps. Although international comparability in the 
head counts remains questionable, as they use national-level thresholds, over-
all all countries in which the statistics are available experienced a relatively 
fast reduction of rural poverty. Therefore, there seems to be no question that 
a decrease in the share of GDP and employment in agriculture was associated 
with a reduction of rural poverty.

FIGURE 3.6 Changes in employment share of agriculture (%) in East Asia, 1961 to 2015
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Production Side—Labor Shortage

Successful industrialization not only led to the large-scale transformation of 
the agricultural sector through a reduction in its contribution to GDP and 
employment (which also resulted in a substantial reduction in the poverty 
level), but also created a serious labor shortage and thus a rapid increase in real 
wages. As reported in Wiggins and Keats (2014), rural wages in the region 
have been increasing fast recently.

In this context, whether or not the Lewis turning point has been passed 
is an interesting empirical issue. It is known that Japan and the Republic of 
Korea passed the Lewis turning point around 1960 and 1975, respectively 
(Minami 1968; Bai 1982). More recently, Thailand, China, and Indonesia 
appeared to have passed the turning point (Zhang, Yang, and Wang 2011). 
Viet Nam seems to be approaching the turning point relatively quickly.

Figure 3.10 shows changes in rural real wages in six provinces in China: 
Heben, Hubei, Jilin, Jiangxi, Shandong, and Sichuan (Wang, Yamauchi, and 

FIGURE 3.7 Changes in GDP share of agriculture (%) in East Asia, 1961 to 2015
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FIGURE 3.8 Poverty gap (%) at $1.90 a day (2011 PPP) in East Asia, 1980 to 2017
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FIGURE 3.9 Rural poverty head count (% in rural population) in East Asia, 1995 to 2015
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Huang 2016). Strikingly, an acceleration of rising real wages after 2000 seems 
to be common in most provinces. How to tackle labor shortage (and rising 
real wages) is an emerging issue after 2000, which is consistent with the turn-
ing point reported for China (Zhang, Yang, and Wang 2011).

Outflow of labor from agriculture also involves intergenerational issues. 
In some countries, such as the Republic of Korea, China, and Japan, farmers 
cannot find successors to take over their farming, which exacerbates the labor 
shortage problem but promotes farm size expansion in the long run.

Demand Side—Food Demand and Nutrition Transition

This subsection discusses nutrition transitions (Popkin 2002a, 2002b, 2006) 
in the context of East Asia (Kelly 2016). Diets dominated by starchy, low- 
variety, low-fat, and high-fiber foods are being replaced by consumption of 
processed foods higher in fats, sugars, and salt and, in some cases, accompa-
nied by rises in diet-related noncommunicable disease (NCD). The issue of 
nutrition transition is discussed in Chapter 10.

FIGURE 3.10 Real agricultural wages in selected provinces in China: 1984 to 2014
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As described above, most of East Asia has experienced high income 
growth through rapid industrialization in recent decades, which is reflected 
in increased consumer purchasing power. This is a main driving force for the 
nutrition transition from complex carbohydrate consumption to more fat, salt, 
sugar, and processed-food consumption. This is apparent in higher-income 
countries, though we are beginning to observe such a change in lower-income 
countries (Drenowski and Popkin 1997; Popkin, Adair, Ng 2012). Another 
important factor relevant in the context of East Asia is, as emphasized previ-
ously, the rapid pace of urbanization. The opportunity cost of home cooking 
tends to be high in urban settings, especially when family size is much smaller 
than rural counterparts and many women work outside the home (Pingali 
2007). Urbanization and nutrition will be discussed further in Chapters 9 
and 10.

The existing studies seem to identify some common elements of the man-
ifestation of the nutrition transition in East Asia. First, the most common 
change in the region is a dramatic increase in the proportion of dietary energy 
derived from oils and fats, mainly oilseed based, replacing complex carbohy-
drate sources (Kelly 2016). For example, in China, annual vegetable oil con-
sumption per capita has increased from 1 kilogram in 1963 to 11 kilograms in 
2003 (Kearney 2010). Second, the predominant rice-based diets are also trans-
formed, with more wheat consumption. There seems to be a pattern: with 
rising incomes, people tend to increase rice consumption first when income 
increases, and then the dependence on rice decreases afterward. For example, 
in China, rice consumption increased rapidly in the 1960s and 1970s from 
172 grams per capita per day in 1963 to 260 in 1983 before falling again to 
213 in 2003. In the same period, wheat consumption increased from 71 grams 
per person per day to 167 (Kearney 2010). Third, consumption of meat has 
also been increasing as part of the nutrition transition. The largest change 
here has been seen in pork and poultry consumption. In China, for example, 
from 1990 to 2014 pork consumption more than doubled, from 15 to 31 kilo-
grams per capita per year, and poultry consumption rose from 2 kilograms to 
11.5 kilograms per capita per year during the same period.

Finally, we observed a dramatic increase in consumption of processed, 
packaged, and convenience foods, which overlaps the above-mentioned 
changes. In China, consumption of processed foods increased from 20 kilo-
grams per capita annually in 1999 to over 80 kilograms per capita in 2012, 
and in Thailand it rose from 60 to 110 kilograms during the same period. In 
Thailand and the Philippines, soft drink consumption was particularly high 
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and approached high-income-country level, and in Malaysia and Indonesia 
processed high-fat foods were most prevalent. In higher-income Asian coun-
tries such as Japan, consumption of processed foods has stopped increasing 
since the 1990s, but it is growing fastest in the upper-middle-income countries 
such as Thailand and China (Baker and Friel 2014).

While malnutrition has been receding in Asia overall, owing to rapid and 
successful economic growth, rates of overweight and obesity are rising rapidly, 
particularly in Southeast Asia (Chopra, Galbraith, and Darnton-Hill 2002; 
Popkin 2006). For example, from 1980 to 2008, prevalence of adult over-
weight and obesity combined increased from 12 to 39 percent in Thailand, 
from 15 to nearly 50 percent in Malaysia, and from 5 to around 25 percent in 
Indonesia (Stevens et al. 2012). In Southeast Asia, the burden of diet-related 
disease, including diabetes, cardiovascular disease, and diet-related cancers, is 
also quickly rising.

By focusing on the population of children under age 5, Figures 3.11 and 
3.12 contrast prevalence of stunting to prevalence of overweight. Figure 3.11 
shows that the prevalence of stunting has been decreasing over time in all 
countries, which reflects a substantial improvement of nutrition intake among 
young children as well as pregnant women in the region.

In contrast, the prevalence of overweight has had an upward trend in 
recent years. This is consistent with recent trends observed in adult obesity in 
Thailand, Malaysia, and Indonesia (reported above). Thailand and Indonesia 
reached an alarming level of child overweight in recent years. The preva-
lence has also increased in the Philippines and Viet Nam. Strikingly, Japan 
is an interesting case that shows the lowest prevalence of child overweight 
(which is consistent with the pattern of processed foods consumption). The 
gap between stunting and overweight is particularly large in Thailand and 
the Republic of Korea; the prevalence of overweight is much higher than that 
of stunting.

NCD Risk Factor Collaboration (2016) used 1,698 population-based 
data sources, with more than 19.2 million adult participants (9.9 million men 
and 9.3 million women) in 186 out of 200 countries for which estimates were 
made, to see changes in age-standardized mean body mass index (BMI). They 
found that global age-standardized mean BMI (in kilograms per square meter) 
increased from 21.7 (with the 95 percent credible interval being 21.3–22.1) in 
1975 to 24.2 (24.0–24.4) in 2014 in men, and it increased from 22.1 (21.7–
22.5) in 1975 to 24.4 (24.2–24.6) in 2014 in women. In the dynamics of 
adult BMI, East Asia (including Southeast Asia) is very interesting. Strikingly, 
China’s obese populations in both men and women increased dramatically in 
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the same period, from 0.7 to 43.2 million in men and 1.7 to 46.4 million in 
women, elevating China to the top of the obese population ranking in 2014 
(NCD Risk Factor Collaboration 2016, Figure 7). In severe obesity, change 
in the global ranking of China is even more dramatic: from number 60 to 
number 2 in men and from 41 to 2 in women. Interestingly, some coun-
tries from this region, such as China, Indonesia, Viet Nam, the Philippines, 
Thailand, and Japan, remained among the top in the ranking of underweight 
population in 1975 and 2014.

There are only two countries in the world that have no hunger and no 
problem of rising overweight; they are Japan and the Republic of Korea 
(Laborde, Mamun, and Vos 2019). A variety of reasons unique to these coun-
tries explain this phenomenon. Further research on the agrifood system is 
needed to factor out the causes for achieving no hunger and no overweight.

FIGURE 3.11 Prevalence of stunting among children under age 5 (%) in East Asia, 1972 to 
2016
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Innovations and agricultural transformation
Given rising real wages in rural areas, the conventional view that small farms 
are more productive is currently challenged. Labor-intensive production meth-
ods are not an optimal choice anymore in Northeast Asia. However, transi-
tion to more capital-intensive methods using machines requires a realization 
of scale economies, and a critical constraint is the relatively small farm size 
in the region (Figure 3.1). We discuss technological and institutional inno-
vations under such circumstances in this region. They include activation of 
land rental markets, land consolidation, and mechanization in different forms 
(including the emergence of machine service providers), which together intro-
duce more labor-saving production methods. The emergence of the advantage 
of large-scale farming is discussed here.

Technological and Institutional Innovations

Although small farms in Asia achieved higher land productivity than their 
larger counterparts in the past, they are facing more and more challenges as 

FIGURE 3.12 Prevalence of overweight among children under age 5 (%) in East Asia, 1972 to 
2016
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structural transformation has been occurring in most developing countries in 
Asia. In these countries, the rapid growth of the nonfarm sector has created 
more lucrative employment opportunities, which has resulted in a higher real 
wage in both farm and nonfarm sectors. Coupled with technological advances 
in manufacturing industries, the price ratio of labor to machine use is increas-
ing, which renders the substitution of labor by machine profitable. The rapidly 
growing machine rental markets in China and Viet Nam represent a response 
to such trends in recent decades (see, for example, Liu et al. 2020; Zhang et 
al. 2011). As farming systems gradually change from labor-intensive to capital- 
intensive systems, the advantage of small farms relying on family labor is declin-
ing, while large farms’ advantages are enhanced by the use of farm machinery.

Recently, we also observed an evolution of machine service providers as an 
institutional response to reduce the user cost of machine use. For example, in 
China (Yang et al. 2013), small farms can contract with the provider to use 
machine services, rather than renting or purchasing machines, in order to save 
on labor costs. By contracting with a large number of small farms, the provider 
can enjoy scale economies, provided that the transaction cost of machine ser-
vice provision is sufficiently low. If it is high, small farms cannot save labor as 
much as large farms.

It is still also possible that farmland consolidation can be facilitated by 
market transactions as well as institutional arrangements. Historically, con-
solidation was largely achieved through market transactions in many of the 
Organisation for Economic Co-operation and Development (OECD) coun-
tries. Previously in China land transactions were seriously constrained by the 
insecurity in farmers’ individual land rights, but recently farmland rental 
arrangements have been facilitated through both more secure land contract 
rights and online services provided by county and township governments in 
every province in China. In some areas, land banks are also established to 
facilitate borrowing and lending (renting in and renting out) of farmland. In 
this way, farm size expansion is taking place in China (Huang and Ding 2016).

In sum, when the real wage rate is low, the optimum farm size is small and 
the inverse correlation between farm size and productivity tends to emerge. 
When the wage rate increases, mechanization will take place to save labor. 
Since machines and land are complementary and machines are indivisible to 
some extent, the optimum farm size tends to increase. If farm size adjustments 
take place smoothly through market transactions and institutional arrange-
ments, efficient large farms emerge. In practice, however, land markets may 
not function smoothly, so a positive relationship can arise between farm size 
and productivity in high-wage economies.
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We examine the validity of our arguments by drawing on recent empirical 
evidence available from East Asian countries (Otsuka, Liu, Yamauchi 2016). 
They include case studies in Indonesia (Yamauchi 2016), Viet Nam (Liu et al. 
2020), and China (Wang, Yamauchi, Huang 2016; Wang et al. 2016, 2018). 
These recent studies explicitly look at the impact of rising real wages on land 
and machine service transactions and the dynamically changing disadvan-
tage of small farms (or the emerging advantage of large farms). This is a major 
departure from the earlier literature that assessed factors that were consid-
ered to explain the inverse relationship between farm size and productivity 
observed in cross-sectional data.2 

Indonesia is an interesting case for the purpose of our study due to the 
coexistence of small farms in Java and relatively large farms in the outer 
islands. Yamauchi (2016) examines the dynamically changing patterns of 
land use, capital investments, and real wages by using farm household panel 
data from seven provinces collected in 2007 and 2010. His regression analy-
ses show that an increase in real agricultural wages induced the substitution of 
labor by machines, either through machine rentals or machine service provid-
ers, notably among relatively large farmers. The total amount of payments for 
hired-in machines or services or both has increased significantly in response 
to rising real agricultural wages, especially among relatively large farms. They 
tend to increase the scale of operation by renting in more land when real agri-
cultural wages increase. Furthermore, the effect of an increase in farm size on 
crop productivity per hectare becomes positive among relatively large farms. 
Thus, the Indonesian case study clearly supports our hypothesis that the effi-
ciency of large farms increases with rising real agricultural wage rates.

The case of Viet Nam is similar to that of Indonesia. Liu et al. (2020) use 
data from 1992 and 1998 Vietnam Living Standards Surveys (VLSS) and 
from four rounds of Vietnam Household Living Standards Survey (VHLSS) 
data between 2002 and 2008. This makes it possible to investigate machine 
use and the farm size–productivity relationship from the 1990s to the 2000s. 
Descriptive analysis suggests that tractor rental has become more common: 
in 2008 more than 60 percent of farms rented in machines, whereas less than 
20 percent did so in 1992. Rapid increase in tractor use would be associated 

2 The existing empirical tests on the inverse relationship are grouped into several types. The first 
type investigates whether the advantage of small farms can be attributed to imperfect factor 
markets, particularly the labor market. The emerging reality that real wages are rising rapidly 
in East Asia is related to this. The second type inquires whether unobserved factors such as soil 
quality can explain the inverse relationship if such factors are unevenly distributed between 
small and large farms (Benjamin 1995). The third is concerned with the effect of measurement 
errors of farm size on the inverse correlation between farm size and productivity (Lamb 2003).
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with an increase in the relative advantage of large farms. Consistent with such 
an expectation, large farmers are more likely to use agricultural machines, 
pointing to the scale economies arising from machine use. Interestingly, 
machine use was not responsive to the real agricultural wage in 1992 or 1998 
but became significantly responsive in 2006 through 2008, suggesting the 
emergence of a clear substitution relationship between machine and labor 
in recent years when the wage rate has become high. Such differences may 
be attributed to the development of machine rental markets over time. The 
estimation results of the paddy yield regression demonstrate that the inverse 
relationship between farm size and land productivity has significantly less-
ened: when farm size doubled, the expected paddy yield is estimated to have 
decreased by 15.6 percent in the 1990s but only by 6.1 percent in the late 
2000s. Thus, the inverse relationship is lessened but not reversed. Yet, another 
interesting finding is that the inverse relationship may be reversed in areas 
where farm size is larger and the wage rate is higher. This indicates that a posi-
tive relationship has emerged between farm size and productivity in advanced 
areas where the wage rate is higher. This result is also consistent with the 
observation of Estudillo and Otsuka (2016) that the average farm size among 
their sample households increased from 1.0 hectare in 1996 to 1.4 hectares in 
2009 in the Mekong Delta region.

In China, the economy has been rapidly growing over the last three and 
one-half decades, and the wage rate has been rising sharply, particularly 
since 2003 (Zhang, Yang, and Wang 2011). Correspondingly, the use of rid-
ing tractors and combine harvesters is increasing (Yang et al. 2013). Yet the 
average farm size remained at 0.6 hectare in 2010, increasing only by 0.05 
hectares per year since 2000, even though land rental markets have become 
increasingly active (Kimura et al. 2011; Huang, Wang, and Qui 2012). More 
recently, Huang and Ding (2016) pointed out that farm size in China is some-
what underestimated.

Using farm household panel data from China, collected in six provinces 
in 2000 and 2008, Wang et al. (2016) analyze the dynamic changes in land 
rental transactions, machine investments, and the use of machine services. 
Their study looks at the effects of nonagricultural and agricultural wage 
growth, changes in the migration rate, and the proportion of nonagricul-
tural income, all of which are estimated at the village level, on changes in self- 
cultivated farm size, rented-in land areas, machine services used, and machine 
investments. The regression results show that increases in nonagricultural 
wages, the proportion of nonagricultural income, and the migration rate lead 
to the expansion of the operational farm size. Consistently, the demand for 
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machine services also increased along with increases in agricultural wages and 
migration rates. This effect is larger for relatively large farms.

As in the case of the Indonesia study, the regression results of crop income 
equations support the hypothesis of complementarities between rented-in 
land and machine services demanded, especially among relatively large land-
holders in China. In other words, the possibility of renting in land and the 
availability of machine service providers led to expansion of farm size to take 
advantage of scale economies.

Wang, Yamauchi, and Huang (2016) used province-level crop-wise panel 
data in China to investigate the substitutability between agricultural labor 
and machine service. They support the conjecture that machines are increas-
ingly used to substitute for labor under the circumstances where the real 
wage has been rapidly increasing. Figure 3.13 shows the relationship between 
machine use per hectare (expenses) and the relative wage of labor to machine 
cost in wheat and (japonica) rice production. In the production of both crops, 
an increase in agricultural wage relative to machine cost led to intensive 
machine use (measured by expenses on mechanical operations).

Wang et al. (2020) used the same household panel used in Wang et al. 
(2016) to investigate the role of land fragmentation in mechanization. It is 
clearly shown that fragmented farmlands discourage mechanization. All con-
ditions being equal, the consolidation of fragmented lands could improve pro-
duction efficiency by lowering transaction costs in mechanization.

Two recent movements in China deserve special attention. First, in north-
east China, machine service providers directly attempt to consolidate farm-
land by renting in land from smallholders to realize scale economies. However, 
such land rental contracts with small farmers are mainly short-term and often 
subject to annual renewals, because small farmers feel insecure about rent-
ing out their land under long-term contracts, due to the lack of private land 
ownership. They also expect the land rent to increase over time, and thus 
they hesitate to sign long-term contracts. Second, recently, farmland rental 
arrangements have been facilitated through the Internet by local governments 
in nearly every province. In all likelihood, these new institutional arrange-
ments are induced by the increasing optimum size of farm operation in China 
(Huang 2017).

In contrast to the conventional view of the small-farm advantage, the evi-
dence shown above supports the dynamic shift of the relative advantage from 
small to large farms in Asia. That is, the inefficiency of small farms increases 
with rising real wages, whereas large farms increase their productivity by uti-
lizing large-scale machines efficiently, saving increasingly costly labor, and 
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FIGURE 3.13 Expenses for mechanical operations in China, 1984 to 2014
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thereby realizing scale economies. How far and how rapidly this trend contin-
ues will significantly affect the efficiency of farming in East Asia in coming 
decades. Smooth transfer of farmland from those who exit from farming to 
those who expand farming is critically important, and this would be a solu-
tion for the labor shortage problem, including the intergenerational transfer of 
farming, discussed in the previous section.

These analyses suggest that the relationship between the land-labor ratio 
and the use of machinery is not simple, because the development of land and 
land rental markets and that of machinery rental and service markets affect 
such a relationship. This is likely to explain why the relationship between 
land-labor ratio and machinery use per unit of land portrayed in Figure 3.3 
varies from country to country even in East Asia.

Market Innovations—Diversification and Modernization  
of Food Value Chains

Successful economic growth and rapid urbanization have also changed the 
nature of food demands, which is intimately related to the nutrition transition. 
Consumers, especially in urban areas, demand high-value and high- quality 
foods (Reardon, Timmer, and Berdegue 2008; see Chapter 12 for further dis-
cussions on value chains). The rising demand for safe, high-value, and differ-
entiated agricultural products has created large opportunities for farmers to 
participate in value chains to potentially improve productivity (for example, 
by contract farming, which improves access to technology, information, and 
capital) and increase incomes.

Modern value chains typically coexist with traditional value chains. For 
example, supermarkets extend networks to directly procure from produc-
ers near urban areas, whereas most rural communities depend on traditional 
value chains (Reardon et al. 2003; Wang et al. 2009). In East Asia, the duality 
of modern and traditional value chains is clear partly because of the very fast 
structural transformation the region went through and the initial dominance 
of relatively small farmers who, for various reasons, including high transac-
tion costs, might have failed to take advantage of the modern version of value 
chains. The speed with which modern value chains penetrate in rural commu-
nities in the region remains a key empirical question.

In the same line, the emergence of contract farming is significant in East 
Asia (see Chapter 11 for further discussions on contract farming). Its impact 
on farm income tends to be positive, according to the literature reviews by 
Bellemare and Bloem (2018) and Ton et al. (2018). While the participation in 
contract farming makes it harder to select qualified empirical studies, Cahyadi 
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and Waibel (2016) and Trifković (2014, 2016) show positive income effects 
from the participation in oil palm contract farming in Indonesia and in cat-
fish contract farming in Viet Nam, respectively. Bellemare and Bloem, how-
ever, argue that there is considerable heterogeneity across contexts that limits 
external validity, and there is an identification issue of treatment effects due to 
the lack of appropriate instruments that limit internal validity. Furthermore, 
Ton et al. (2018) point out the survivor biases leading to the publication of 
mostly successful cases of contract farming. On the other hand, the impact 
of contract farming on productivity seems to be positive, especially if farmers 
are assisted to access better technologies and management practices (Otsuka, 
Nakano, and Takahashi 2016). Saenger et al. (2013) and Saenger, Torero, and 
Qaim (2014) point to the importance of actual contract designs in improv-
ing product quality from field experiments conducted in the dairy sector in 
Viet Nam.

There may be potential scale bias favoring large farmers in modern value 
chains as well as contract farming (Barrett et al. 2012). For example, the con-
tractor may prefer to reduce the number of farmers in the contract to mini-
mize transaction costs. To meet quality standards, farmers may be required to 
make investments prior to participation. If this is the case, large farmers have 
an advantage over smallholders. Given that East Asia holds a large number of 
small farmers whose financial and technical capacities are limited, such a set-
ting may lead to low participation in modern value chains or contract farm-
ing (Simmons, Winters, and Patrick 2005; Stringer, Sang, and Croppenstedt 
2009). This is a clear contrast to the dominance of supermarkets observed in 
Latin America (Reardon, Timmer, and Berdegue 2008). In the future, how-
ever, large farmers may dominate in the production of high-value products in 
East Asia. It must also be pointed out that Ton et al. (2018) found through 
their meta-analysis that smallholders can also benefit from contractual 
arrangement, even though the poorest farmers are rarely included.

Conclusions
This chapter has reviewed historical paths of agricultural development and 
described economywide changes that had undeniable impacts on agricul-
tural transformation in East Asia. Though the region was heterogeneous in 
initial endowment, labor was relatively abundant (land is relatively scarce) 
and land productivity was augmented through intensifications such as labor- 
intensive production methods as well as applications of biochemical technol-
ogies. However, more recently, the region has encountered a dramatic change 
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in relative factor prices due to successful industrialization by which labor was 
absorbed in nonagricultural sectors. In many countries, labor is not abundant 
anymore, and thus labor-saving methods had to be introduced, for example, 
replacing increasingly expensive labor by machines. Under such circumstances, 
the inverse productivity-size relationship is becoming less likely to hold and 
is being replaced by the positive relationship. Some countries are showing a 
divergence from the Asian path to the European path, both initially described 
by Hayami and Ruttan (1985).

Consistently, a reversal of the declining trend of average farm size has also 
been confirmed in some countries. For example, active land rental markets 
enable some farmers to increase operational size, whereas other farmers exit 
from agriculture by renting out their lands. Emerging labor shortage in the 
region starts creating the advantage of large-scale farming, in contrast to the 
conventional small-farm advantage.

High income growth and fast urbanization introduced some other funda-
mental transformations, such as nutrition transitions on the demand side and 
modernization of value chains and emergence of contract farming on the sup-
ply side, that respond to diverse and new food demands especially driven by 
rapid urbanization and economic growth. However, East Asia remains char-
acterized by the duality of modern and traditional systems due to the sus-
tained dominance of a large number of smallholders who may not meet the 
conditions required to enter the modern value chains. In order to sustain agri-
cultural production in this region, large-scale institutional and technological 
innovations beyond the purview of Hayami and Ruttan (1985) are called for.
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AGRICULTURAL DEVELOPMENT AND 
MODERNIZATION IN SOUTH ASIA

Hiroyuki Takeshima, Anjani Kumar, Akhter U. Ahmed, and P. K. Joshi

Agriculture, natural resources, and the nutrition landscape in South Asia (SA) 
are unique. As in other Asian regions, SA’s agriculture is largely smallholder 
based and continues to employ a large share of the workforce, compared with 
Latin America. Compared with Africa south of the Sahara (SSA), agricul-
tural modernization and intensification in SA have progressed more substan-
tially. However, compared with East Asia (that is, Northeast and Southeast 
Asia), the speed of agricultural transformation has remained slower in terms of 
the exit of labor from farming, despite comparable intensification levels. The 
region is still home to almost 300 million of the poor, a majority of whom live 
in rural areas, engaging in agriculture. SA is also one of the regions with the 
scarcest natural resource endowments per capita, including water  resources.1 
Finally, the multiple burden of malnutrition persists, as the region remains 
one of the largest contributors to global undernutrition, while simultane-
ously overnutrition continues to emerge (Meenaksh 2016). Therefore, in SA, 
understanding the evolution and implications of agricultural development is 
important particularly in the context of agricultural transformation, natural 
resource management, poverty, and food/nutrition security improvement.

Research in the agricultural economics field has shed important light on 
various aspects of agricultural development patterns in the last few decades 
in the region, ranging from productivity growth, changes in resource endow-
ments, intensification/modernization, urbanization and nutritional transi-
tion, and their drivers as well as inhibitors. The contribution of this chapter is 
to provide, through the review of productivity growth patterns and seminal 
papers in the literature, narratives of how these aspects may be interconnected 
in terms of their collective implications for the challenges and opportunities 
of future agricultural development in SA.

1 Renewable internal freshwater per capita in SA is greater than that of only the Middle East 
and North Africa and is a fraction of the resources of East Asia and the Pacific, SSA, or Latin 
America (World Bank 2018).
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The second section of this chapter highlights that labor productivity 
(which is closely related to returns to labor) seems inherently low in SA and 
that agriculture seems to have contributed to income growth through land 
productivity growth. But the region may be approaching a point where further 
growth must come from greater labor productivity growth rather than land 
productivity growth. We explore this issue by examining the changes in labor 
and land productivity growth, as well as the land-labor ratio. The third sec-
tion highlights that, in SA, because of low-income status and limited resources 
for food imports, domestic production remains an important source of food 
for consumers. Demand for diversification and improved nutritional intake 
might have been and may continue to be met by diversification in agricultural 
production in the region, while growing exportable high-value agricultural 
products may induce some specialization.

The fourth section then discusses key technological and institutional 
innovations, emerging rural employment as well as challenges, and growing 
inefficiency of small farms, with potential implications for the future labor 
productivity increase in SA. The section highlights innovations in tech-
nologies and institutions that have emerged, and related policies. Growing 
evidence of the inefficiency of small farms is reviewed. Emerging rural 
employment growth patterns, where the agricultural sector continues to 
be dominant but the nonfarm sector, such as the garment sector, is gradu-
ally expanding as a source of employment, are also discussed for their impli-
cations for labor productivity. It also touches on some inequality issues that 
are associated.

The last section summarizes the main messages and discusses some 
forward- looking emerging issues.

A Review of Productivity Growth in Agriculture
This section reviews the key patterns of agricultural productivity growth 
in SA, important aspects of the growth patterns of total factor productiv-
ity (TFP), and changes in natural resource endowments. The section aims 
to show that the past labor productivity growth in SA has been associated 
largely with the growth in land productivity, although TFP growth, partic-
ularly since the 1980s, has contributed to it as well. The section also shows 
that natural resource endowments in SA (water, soil, land) have been gradu-
ally eroded, potentially limiting substantial future land productivity growth 
in the region.
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Factor Endowments and Partial Productivity Growth

This section extends analyses by Hayami and Ruttan (1985, Chapter 5) of fac-
tor endowments and partial productivity growth, focusing on key SA coun-
tries. Table 4.1 summarizes the changes in partial productivity of land and 
labor, as well as land-labor ratios, in seven SA countries from the 1960s to 
2010s. This table corresponds to Table 5-1 in Hayami and Ruttan (1985). 
Figure 4.1 then plots the labor and land productivity for the seven countries 
presented in Table 4.1, corresponding to Figure 5-1 in Hayami and Ruttan 
(1985). To highlight the differences between SA and East Asia, which were 
analyzed in Chapter 3, Figure 4.1 also plots trajectories for East Asian coun-
tries (countries shown without labels). Table 4.1 and Figure 4.1 can be inter-
preted in the following way: many countries from the 1960s to the 2010s 
exhibited slopes that were steeper than the uni-A/L lines (dotted lines in 
Figure 4.1 along which agricultural output per agricultural land ([A]) and agri-
cultural output per worker ([L]) change at the same proportions), indicating 
that increases in labor productivity were smaller than those in land productiv-
ity. Afghanistan and Bhutan even had absolute declines in labor productivity 
during these periods. While Bangladesh has been an exception, labor produc-
tivity growth has been only marginally higher than land productivity growth. 
Even in Pakistan, where land per labor has been historically high, the recent 
trend has exhibited greater land productivity growth than labor productivity 
growth. These patterns suggest that increases in land productivity also contrib-
uted to the increase in labor productivity between the 1960s and 2010s. Few of 
these countries have experienced growth paths that were more toward greater 
labor-productivity improvement than land-productivity improvement, which 
many higher-income countries have experienced. However, shifts from paths 
steeper than the uni-A/L line to paths that are parallel to it, which Bangladesh 
has experienced, suggest that those countries have managed to move out of the 
conditions prevalent in earlier periods, when high growth rates of the labor 
force in agriculture largely eroded the gains in labor productivity growth aris-
ing from land productivity growth.

Comparisons between SA countries and East Asian countries suggest that 
the trajectories of many SA countries are similar to those of East Asia, with 
SA lagging behind rather than following a different path. The differences 
between SA and East Asia might have been due to factors that have led to 
slower growth in human capital and land quality in SA, such as education and 
irrigation, as described in more detail in the later section.
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Table 4.2 summarizes the growth rates of labor productivity and land pro-
ductivity, and the land-labor ratio of the 1960s, 1980s, and 2010s. This table 
corresponds to Table 5-2 of Hayami and Ruttan (1985). There is some intra-
region diversity in productivity growth and the changes in factor endowments. 
Land productivity (Y/L) has exhibited some convergence, in which countries 
with low initial levels (India and Pakistan) have experienced faster growth 
compared with countries with higher initial levels (Bangladesh, Sri Lanka). 
On the other hand, signs of convergence are much weaker for labor produc-
tivity. Although Pakistan, with the highest labor productivity, experienced 

TAbLE 4.1 Estimates of land and labor productivity and endowments in agriculture, South 
Asian countries, 1960s–2010s

Country

1960s 1970s 1980s 1990s 2000s 2010s

Labor productivity (Y/L)

afghanistan 756 782 818 755 624 626

Bangladesh 348 339 348 377 527 714

Bhutan 655 614 631 722 563 460

india 453 492 562 669 752 928

nepal 335 345 392 460 468 515

pakistan 868 972 1132 1521 1554 1554

Sri lanka 561 584 650 617 644 758

Land productivity (Y/A)

afghanistan 137 158 144 159 183 222

Bangladesh 698 681 724 751 949 1199

Bhutan 361 362 396 452 598 748

india 289 335 417 539 632 817

nepal 646 600 583 716 901 1154

pakistan 148 193 260 380 477 553

Sri lanka 525 594 716 718 788 878

Land per labor (A/L)

afghanistan 5.54 4.95 5.73 4.84 3.44 2.82

Bangladesh 0.50 0.50 0.48 0.50 0.55 0.60

Bhutan 1.82 1.70 1.60 1.60 0.96 0.61

india 1.57 1.47 1.35 1.24 1.19 1.14

nepal 0.52 0.58 0.67 0.64 0.52 0.45

pakistan 5.86 5.05 4.37 4.01 3.27 2.81

Sri lanka 1.07 0.99 0.91 0.86 0.82 0.86

Source: authors’ calculations based on data from uSDa (2020).
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lower growth rates than other countries in the 2000s and 2010s, its growth 
rate had been high up to the 1990s. In contrast, Nepal and Sri Lanka, whose 
labor productivity was lower in the 1960s, have seen slower growth rates up to 
the 2010s.

While land-labor ratios have remained relatively constant in Bangladesh, 
Nepal, and Sri Lanka from the 1960s to the 2010s, those in India and 
Pakistan have declined more sharply. Because of this pattern, labor produc-
tivity growth in India and Pakistan has been much lower than the land pro-
ductivity growth during this period (1.4 and 1.2 percent as opposed to 2.1 
and 2.7 percent). The absorption of the growing rural labor force in nonfarm 
sectors in India and Pakistan has been much slower than in the other three 
countries in SA. Sri Lanka has experienced particularly slow labor and land 
productivity growth rates, with labor and land productivity being caught up 

FIGURE 4.1 Labor and land productivity growth in agriculture in South Asia in comparison to 
East Asia
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by Bangladesh (labor productivity) and India or Nepal (land productivity) by 
the 2010s. The slow productivity growth in Sri Lanka in the last three decades 
has been partly due to the slow output growth rates of nonrice commodities 
that have accounted for about two-thirds of total outputs, including vegeta-
bles and fruits (plantains, etc.), tea, coconuts, and rubber (these are discussed 
more at the beginning of the third section).

Figure 4.2 and Figure 4.3 illustrate the changing relationship between the 
land-labor ratio and tractor horsepower (HP) per worker, and between land 
productivity and fertilizer input per hectare, corresponding to Figures 5-3 and 
5-4 in Hayami and Ruttan (1985). These figures illustrate the agricultural 
growth process that involves the substitution of man-made inputs for labor 
and land. Fertilizer and tractor HP are used as proxies for the factors that sub-
stitute for land and labor, respectively.

Most SA countries have seen substantial increases in tractor HP per 
worker, without increases in land-labor ratios in the past five decades 
(Figure 4.2). In some countries, like India and Pakistan, the land-labor ratios 
have declined alongside the increase in tractor HP per worker. These patterns 
are, however, still consistent with Hayami and Ruttan (1985). In Hayami 
and Ruttan (1985, Figure 5-3), at a lower level of tractor HP per male worker, 
land-labor ratios are generally flat. Once it exceeds a threshold, the increase 
in tractor HP per male worker becomes increasingly more positively associ-
ated with the land-labor ratio. In the past five decades, while tractor HP per 

TAbLE 4.2 Growth rate (%/year) of agricultural output per worker (Y/L), agricultural output 
per hectare (Y/A), and land-labor ratio (A/L)

Years Afghanistan Bangladesh Bhutan India Nepal Pakistan
Sri  

Lanka

1960s–2010s Y/l −0.4 1.4 −0.7 1.4 0.9 1.2 0.6

1960s–2010s Y/a 1.0 1.1 1.5 2.1 1.2 2.7 1.0

1960s–2010s a/l −1.3 0.4 −2.2 −0.6 −0.3 −1.5 −0.4

1960s–1980s Y/l 0.4 0.0 −0.2 1.1 0.8 1.3 0.7

1960s–1980s Y/a 0.2 0.2 0.5 1.9 −0.5 2.9 1.6

1960s–1980s a/l 0.2 −0.2 −0.6 −0.8 1.3 −1.5 −0.8

1980s–2010s Y/l −0.9 2.4 −1.0 1.7 0.9 1.1 0.5

1980s–2010s Y/a 1.5 1.7 2.1 2.3 2.3 2.5 0.7

1980s–2010s a/l −2.3 0.7 −3.2 −0.6 −1.3 −1.5 −0.2

Source: author’s compilations based on table 4.1.
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worker has increased considerably in SA countries, its level still has been too 
low to translate into significant increases in land-labor ratios. However, by the 
2010s, many countries had reached the threshold of tractor HP per worker. 
Therefore, these countries are expected to see growth of the land- labor ratio as 
tractor HP per worker further increases in the future. As shown in the fourth 
section, tractor usage for land preparation has reached almost 100 percent 
in most SA countries (except Nepal), primarily through tractor rentals. 
Therefore, further increases in tractor HP per worker may accompany sub-
stantial reductions in the absolute number of agricultural workers.

Figure 4.3 illustrates the process where constraints in agricultural pro-
duction due to land resource endowments have been mitigated through the 
increased use of fertilizer (and other yield-enhancing inputs) per unit of 
land. Figure 4.3 suggests that many SA countries have seen clearer trends 
in this aspect of land-constraint mitigation as indicated by strongly positive 

FIGURE 4.2 Comparison of land-labor ratio and tractor horsepower per worker, with arrows 
connecting data points for decade averages from the 1960s to 2010s
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slopes. These patterns seem to have become reinforced since the 1980s. It is 
interesting to note that curves are convex rather than concave, which indi-
cates that decreasing marginal productivity of fertilizer is more than offset by 
fertilizer- using technological changes. This is similar to the pattern observed 
in East Asia.

Altogether, the investigations of factor endowments, land and labor pro-
ductivity growths, and the trends in the land- and labor-substituting input 
uses have revealed that SA still follows the agricultural growth trajectory 
hypothesized for land-scarce countries by Hayami and Ruttan (1985). Pre-
1980s had been characterized by modest land productivity growth and fairly 
small labor productivity growth due to the growth of the number of agricul-
tural workers relative to land. However, since the 1980s, the land-labor ratio 
has become relatively constant and the continuous growth of land produc-
tivity seems to have largely translated into the increase in labor productivity. 
The land productivity growth might have been primarily led by land-saving 
inputs like fertilizer and other yield-enhancing inputs. The use of power and 
machinery has continued growing, and SA seems to have reached the point 
where further increases in power and machinery use per worker may be associ-
ated with a significant increase in the land-labor ratio.

FIGURE 4.3 Comparison of land productivity and fertilizer input per hectare, with arrows 
connecting data points for decade averages from the 1960s to 2010s
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Total Factor Productivity Growth

Key evidence on agricultural TFP growth in SA countries is mostly provided 
in the literature as part of TFP analyses for a larger set of countries. For SA 
as a whole, TFP growth had been lower between the 1960s and mid-1980s 
and turned upward since the mid-1980s, although it has been generally lower 
than in most other regions throughout the periods since the 1960s, largely due 
to the slow efficiency growth (despite comparable technical improvements), 
including the post-1980s period (Nin-Pratt and Yu 2010). TFP growth 
between 1965 and 1996 was also lower than in East Asia, due to slower effi-
ciency growth (Suhariyanto and Thirtle 2001). Both studies, however, also 
suggest that since the 1980s, technical changes in SA have been faster than in 
other parts of Asia, while slower growths of TFP in SA during the last several 
decades have been largely due to slower technological progress.

Coelli and Rao (2005) suggest substantial variations in TFP growth rates 
within SA between 1980 and 2000. During this period, Bangladesh and 
Pakistan observed the highest TFP growth, India and Nepal saw medium 
TFP growth, and Sri Lanka saw the lowest growth.

More detailed country-level investigations reveal spatial, regional, and tem-
poral variations. In Indian Punjab, TFP growth would have been considerably 
higher, about 3 percent per year during the Green Revolution era (1966–1975) 
compared with 1 to 2 percent per year in the post–Green Revolution era 
(1986–1994) (Murgai 2001). TFP growth in the Indo-Gangetic Plain (IGP) 
region of India was 1.2 percent per year from 1981 to 1996, with more impres-
sive TFP growth during the 1980s than in the 1990s (Kumar, Kumar, and 
Mittal 2004). TFP growth seems to have been particularly high in early peri-
ods. This is potentially because the shift from traditional varieties to modern 
high-yielding varieties (HYVs), compared with subsequent shifts from the 
original Green Revolution varieties to the second- and third-generation varie-
ties, might have been much more drastic in terms of the technological progress. 
Lower TFP growth in the post–Green Revolution era might have been partly 
due to land quality, including depletion/pollution of groundwater resources, a 
buildup of soil salinity and waterlogging, nutrient mining, micronutrient defi-
ciencies, deteriorating water quality, the formation of subsoil compaction, and 
increased pest buildup (Kumar, Kumar, and Mittal 2004). The development 
of roads and investment in irrigation infrastructure had positive causal effects 
on TFP growth in rural India between 1971 and 1994 (Zhang and Fan 2004).

In India, the TFP level has remained diverse across states (Mukherjee and 
Kuroda 2003). The TFP growth rates have also varied across regions and over 
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time (Rada 2016), reflecting important dynamics. Since the 1980s, the north-
ern, eastern, central, and northeastern regions have still grown the fastest, due 
to the remaining effects of the aforementioned Green Revolution technologies. 
The western and southern regions experienced more rapid growth since the 
2000s—partly contributing to their catching up. Rada (2016) speculates that 
these patterns have been associated with shifts away from grains (commonly 
grown in the north) to higher-value crops including horticulture and livestock 
products. Meanwhile, the northern and eastern regions also saw recovery in 
TFP growth in the 2000s. This had been partly through reduced water use 
intensity enabled by investments in efficient irrigation methods, including drip 
irrigation (Rada 2016), which partly mitigated the overexploitation of ground-
water in these regions, as described in a later subsection. In the northeastern 
region, deficiencies in transportation and market infrastructure, among others, 
relatively suppressed TFP growth even during this period (Rada 2016).

Similarly, in Bangladesh the TFP growth between 1948 and 2008 exhib-
ited heterogeneity across regions (Rahman and Salim 2013). Growth had 
been the fastest in Chittagong (largely due to technical-efficiency gains and 
some scale-efficiency change). It had been slow in the Chittagong Hill Tracts, 
largely due to inefficiency in exploiting economies of scope in production 
achievable through diversifying into the production of crops suitable for hilly 
environments. According to Rahman and Salim (2013), regional variations in 
the efficiency in exploiting economies of scope explain significant variations 
in TFP growth across Bangladesh.

Changes in Natural Resources (Water, Soil)

The productivity gains in SA agriculture might have been achieved at the cost 
of key natural resource endowments, including soil (land degradation) and 
water. Such a decline in natural resource endowments suggests that future 
land productivity growth in SA faces considerable challenges.

FAO (1994) suggests that by the 1990s, land degradation in SA had inten-
sified primarily through erosion of soils by water and wind, the decline of soil 
fertility, and deterioration of soil quality through waterlogging or saliniza-
tion, among others. These conditions are likely to have remained since then. 
FAO (1994) estimates that by the early 1990s, 25 percent of areas under crop 
and pasture in SA had been affected by water erosion (Table 4.3).2 More than 

2 The figures were estimated based on the map created by the global assessment of soil degrada-
tion (GLASOD) project conducted by the International Soils Research and Information Centre 
(ISRIC), as well as secondary sources including government reports (FAO 1994).
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half of the land in Bangladesh and Sri Lanka had suffered soil fertility decline. 
More than one-third of the areas were affected by different types of land deg-
radation in different countries. Land degradation has become costly in SA. 
The estimated economic losses due to land degradation in SA by the 1990s 
were US$5.4 billion from water erosion, $1.8 billion from wind erosion, $0.6–
1.2 billion from soil fertility decline, $0.5 billion from waterlogging, and 
$1.5 billion from salinization—the total being equivalent to 7 percent of agri-
cultural gross domestic product (GDP) then (FAO 1994).

SA, which is the most water-scarce region in the world, has also suffered 
from a declining groundwater table lately. Since 1960, SA has used the most 
groundwater in the world, and this pattern has accelerated since the 1990s 
(Shah et al. 2009). Combined with the rising pumping costs due to rising die-
sel prices, the lowering of the groundwater table has further raised irrigation 
costs, particularly in the IGP. This has lately led farmers to shift from more 
water-intensive crops to less water-intensive crops or to rainfed farming sys-
tems (Shah et al. 2009).

Agricultural Growth, Urbanization,  
and Nutritional Transition
This section describes the key characteristics of agricultural growth, patterns 
of urbanization, and nutritional transitions in SA, with the aim of highlight-
ing how they may be interlinked with each other, creating unique challenges 
and opportunities for further agricultural development and food and nutri-
tion security improvements in the region.

TAbLE 4.3 Share (%) of areas under crop and pasture affected by different types of land 
degradation, early 1990s

Country Water erosion Wind erosion
Soil fertility 

decline Water logging Salinization

afghanistan 29 5 0 0 3

Bangladesh 15 0 65 0 0

Bhutan 10 0 0 0 0

india 18 6 2 2 2

nepal 34 0 0 0 0

pakistan 28 42 0 4 15

Sri lanka 46 0 61 0 2

region 25 18 3 1 13

Source: Data from Fao (1994).
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Agricultural Growth

Unique agricultural growth patterns in SA can be highlighted by the analyses 
of the growth patterns of value-added, modernization, linkages with domestic 
and international markets, and diversifications.

GROWTH OF AGRICULTURAL VALUE-ADDED

Agricultural value-added in SA has increased steadily in the past several 
decades, and the analysis of its growth patterns in comparison with other 
regions like East Asia or SSA reveals important differences in underlying 
conditions. The growth rates of agricultural value-added in SA have been 
3.2 percent in the past three decades starting in 1985, higher than the rate of 
2.4 percent between 1961 and 1985 (Table 4.4). Such acceleration in growth is 
consistent with the TFP growth patterns described (Nin-Pratt and Yu 2010) 
in the previous section.

However, the growth rate may have been somewhat slower than in East 
Asia during both periods. This relatively low growth rate of value-added in 
SA is consistent with the slow labor productivity growth discussed earlier. 
This is related to persistently high shares of the workforce being employed in 
the agricultural sector in many SA countries, except in Sri Lanka. While the 
share has constantly declined in SA in the past three decades (from 62 percent 
in 1991 to 44 percent in 2017), the speed had been slower than the pace in 
East Asia, where the share declined from 55 percent in 1991 to 29 percent 
in 2017 (Table 4.4). While the agricultural sector in SA has undergone sub-
stantial modernization in the past few decades, as described in the next sec-
tion, such modernization might have remained labor-intensive. In other words, 
SA seems to have been slow in transforming the economic structure away 
from agriculture.

MODERNIZATION

Modernization of agriculture in SA is pronounced in terms of increased adop-
tions of modern varieties and increased modern inputs use, including chemi-
cal fertilizer, machines, and agrochemicals, as well as more systematic uses of 
water through irrigation (Figure 4.4), although, as is discussed later, use of irri-
gation on major crops like rice in SA has lagged behind East Asia. Chemical 
fertilizer use intensity grew substantially up to the 1980s, and it kept grow-
ing afterward. By the 2000s, most countries exceeded the intensity of 100 
kilograms of nutrients per hectare. The shares of cultivated areas prepared by 
tractors and irrigated areas have varied more widely across the countries than 
fertilizer use. Pakistan, Sri Lanka, and India led the growth of tractor uses, 
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TAbLE 4.4 Growth rates of agricultural value-added, and shares of employment in the 
agricultural sector in South Asian countries

Country/Region

Annual growth rates of agricultural value-added (%) Share (%) of 
employment in the 
agricultural sectorPeriods Decades

Pre-
1985 1985

1961–
1970

1971–
1980

1981–
1990

1991–
2000

2001–
2010 2011 1991 2005 2017

afghanistan — 3.0 — — — — 3.9 1.8 62 65 62 

Bangladesh 1.7 3.4 3.2 −0.1 2.4 3.0 4.2 3.4 61 48 41 

Bhutan — — — — 5.6 1.7 2.1 3.0 62 63 57

india 2.4 3.2 2.5 1.8 3.5 2.8 3.3 2.9 63 56 44 

nepal 2.1 3.0 2.9 0.2 4.6 2.5 3.3 2.7 81 77 73 

pakistan 3.7 3.4 5.1 2.4 4.1 4.5 2.6 2.2 48 43 42 

Sri lanka 3.3 2.3 3.5 2.4 2.9 1.7 3.0 2.8 42 33 27 

South asia 2.4 3.2 2.7 1.7 3.5 3.0 3.2 2.8 62 54 44 

east asia & pacific 4.3 3.6 4.9 2.7 5.2 3.3 3.8 3.6 55 43 29 

Source: authors’ compilations from World Bank (2018).
Note: Figures for afghanistan are only from 2003; figures for east asia and pacific exclude high-income countries; — = data 
not available.

FIGURE 4.4 Trends of modern input uses in agriculture in selected South Asian countries
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which have risen continuously since the 1980s. In Bangladesh, tractor use is 
quickly catching up to other SA countries, mostly through increased use of 
power tillers. In all four countries, almost all farmland is now prepared by 
tractors. The tractor use growth in Nepal has been somewhat slower but has 
grown at comparable speed in the lowland (Terai) zone. Irrigation area cover-
ages have also expanded steadily, in both early adopters, like Pakistan, and late 
adopters, like Bangladesh and Nepal. Last, the use of agrochemicals (pesticide, 
herbicide) has also gradually intensified. In India, herbicide use grew 2.5 times 
between 2005/2006 and 2015/2016, reaching the consumption level of 1 kilo-
gram per hectare (Gupta et al. 2017), which is still considerably lower than in 
countries like Japan but comparable to use in the United States.

Contrary to the progress in production of staple crops, the moderniza-
tion of the livestock sector has remained somewhat limited. The dairy sector 
in SA is still challenged by the limited supply of improved indigenous cattle 
breeds, limited artificial insemination to provide crossbred cattle, and the gen-
erally low quality of crop residue used for most feed resources (McDermott et 
al. 2010).

Modernization at the postharvest stage has been more heterogeneous, with 
areas closer to major urban markets experiencing faster modernization. The 
adoption of modern processing facilities has grown gradually around major 
urban areas. For example, Bangladesh has seen the emergence of large (auto-
matic) rice mills displacing the traditional small huller mills extensively in 
parts of the Chittagong Division (Reardon et al. 2012). In the country as a 
whole, however, the majority of paddy is still processed by traditional mills. 
Recently, demand has shifted from cheap, coarse rice to higher-value (medium 
and fine) rice, and there are increasing price premiums for the latter in major 
urban centers like Dhaka, Bangladesh, accompanied by the growing sales by 
the modern retail sector (Minten, Murshid, and Reardon 2013). The shift 
for these modern agrifood systems, however, kept modernization to the post-
harvest stage, and there was relatively little effect on modernization at the 
farm level (Minten, Murshid, and Reardon 2013). Similarly, branding by the 
private sector is still often plagued with incompleteness or misinformation 
(Minten, Singh, and Sutradhar 2013).

GROWING BUT LIMITED CONTRIBUTIONS OF EXTERNAL TRADE

Domestic production and consumption seem to continue to be dominant 
sources of supply and demand for agricultural commodities in SA, despite 
growing external trade. Table 4.5 shows the shares of the net exported quan-
tities as a percentage of the total quantities domestically produced for each 
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group of food commodities (negative values indicate net imports). For exam-
ple, 12 indicates that the net exports were equivalent to 12 percent of the 
quantities domestically produced.

Table 4.5 indicates that the quantities of cereals, starchy roots, vegeta-
bles, fruits, meat, eggs, milk, and fish products that have been exported or 
imported have remained fairly small compared with the domestic produc-
tion of these commodities (generally accounting for 20 percent or less). Only 
pulses and tree nuts, and other food items that may be relatively minor nutri-
ent sources, have seen substantial increases in the contributions of trade. 
Generally, domestic productions of key agricultural commodities have 
remained important sources of domestic food and nutrition, while domestic 
markets have remained the major drivers of agricultural growth, in SA. This 
pattern is in contrast to some developing countries in SSA, where the reliance 
on cereal imports has increased substantially in the past few decades.

DIVERSIFICATION

SA, as a whole, has seen a gradual decline of the share of cereals, and increas-
ing shares for vegetables, and milk, in net production values (Table 4.6). 
The trends in India, given its dominant size, largely represent the overall 
patterns in SA. However, there have been considerable variations and diver-
gence over time across countries outside India (Figure 4.5). In Bangladesh, 
diversification has been relatively limited, with the share of cereals remain-
ing around 60 percent throughout the past five decades, while the shares 
of higher-value crops have not changed significantly.3 Sri Lanka has actu-
ally experienced an increased share of cereals during the last five decades, 
accompanied by decreasing shares of oil crops, fruits, stimulants (tea in 
particular), and tobacco/rubber. In contrast, Nepal has seen a rapid shift 
from cereals and milk to vegetables and fruits and, to a lesser extent, spices. 
Pakistan, with historically low shares of cereals and higher shares of milk, 
meat, and fiber crops, has largely maintained the same level of agricul-
tural diversification.

This diversification pattern might have been driven by both the changes 
in demand and deliberate efforts on the supply side. For example, Sri Lanka 
had been a major rice importer in the region in the 1960s but has gradually 
reduced import reliance, partly through the government’s effort in achieving 

3 It is, however, important to note that this indicator may not capture the important diversifica-
tions within each commodity group or crop. For example, Bangladesh has seen a gradual shift 
from cheap-quality (coarse) rice to more expensive, higher-value (medium and fine) rice over 
time (Minten, Murshid, and Reardon 2013).
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rice self-sufficiency. Another contributing factor might have been the declin-
ing real price of rice and other grains, which is likely to have induced a shift of 
the production toward high-value crops.

Aquaculture production has grown in the last few decades in many SA 
countries, often 10-fold between the 1980s and the 2010s in gross  production 
value. While the production value is still small compared with the entire agri-
cultural production, it has grown to the equivalent of 20 percent of gross 
 agricultural production in countries like Bangladesh (Table 4.6). The sector 
has contributed to poverty reduction through reduced price of fish products 
and their increased consumption by low-income consumers (Toufique and 
Belton 2014), through improved economic activities of women (Kawarazuka 
and Béné 2010), and through employment (Paul and Vogl 2011). Its growth 
has, however, also caused environmental damage, including mangrove 

TAbLE 4.5 Share (%) of net export to domestic production of food commodities 

Food commodities

South Asia excluding India

1961–1970 1971–1980 1981–1990 1991–2000 2001–2010 2011–2013

Cereals, excluding beer −8 −12 −14 −15 −11 −11

Starchy roots −3 −1 −1 −1 −1 0

vegetables −1 1 0 1 0 1

Fruits, excluding wine 5 4 4 4 2 1

Sugar crops 0 0 0 0 0 0

pulses −5 −2 −6 −13 −44 −62

treenuts 22 18 8 15 5 −5

oilcrops 10 5 3 −7 −22 −17

meat 0 −4 −8 −2 −2 −2

eggs 0 −4 −3 0 1 −2

milk, excluding butter −2 −6 −10 −3 −2 −3

Fish, seafood −4 −10 −15 −11 1 2

aquatic products, other 0 0 18 75 16 6

offals 0 0 0 0 0 2

alcoholic beverages −11 −13 −13 −8 48 55

animal fats −26 −38 −50 −25 −16 −11

Spices −10 1 −2 −6 −15 −20

Stimulants 72 51 33 20 22 −5

Sugar and sweeteners −21 −18 −26 −28 −49 −41

vegetable oils −25 −94 −214 −268 −267 −362
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degradation, saltwater intrusion, sedimentation, pollution, and disease out-
breaks (Paul and Vogl 2011).

The diversification patterns have also been associated with cross-country 
variations in productivity growth, particularly the slower growth in Sri Lanka 
than in other SA countries described earlier. Table 4.7 summarizes the output 
growth between the 1980s and the 2010s by commodity groups in Sri Lanka 
and other SA countries. Output growth for vegetables and fruits has been par-
ticularly slow in Sri Lanka (0.3 percent per year) compared with SA as a whole 
(3.6 percent per year). In other SA countries like India, Nepal, and Pakistan, 
while rice output growth rates have been similar to that of Sri Lanka, nonrice 
commodities have grown by 3 percent or more (for example, milk in India and 
Pakistan; meat and cotton in Pakistan; meat, vegetables, and fruits in Nepal). 
In Bangladesh, rice output growth has been faster, at 2.8 percent per year.

Food commodities

India

1961–1970 1971–1980 1981–1990 1991–2000 2001–2010 2011–2013

Cereals, excluding beer −8 −3 0 1 3 8

Starchy roots 0 0 0 0 0 0

vegetables 1 0 1 1 2 2

Fruits, excluding wine −1 0 0 0 0 0

Sugar crops 0 0 0 0 0 0

pulses 0 0 −4 −3 −16 −19

treenuts 5 18 18 −20 −19 −42

oilcrops −2 0 0 1 1 2

meat 0 1 2 4 9 20

eggs 0 0 0 1 3 2

milk, excluding butter −2 −1 −1 0 1 1

Fish, seafood 3 4 4 6 7 12

aquatic products, other 100 35 0 1 44 60

offals 0 0 0 0 1 6

alcoholic beverages 0 0 0 1 −2 3

animal fats −11 −10 −5 0 0 1

Spices 7 7 6 7 10 16

Stimulants 53 43 38 34 31 36

Sugar and sweeteners 3 4 −2 −1 4 7

vegetable oils 0 −17 −27 −24 −70 −101

Source: authors’ calculations based on Fao (2020a).
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Urbanization

In relative terms, the pace of urbanization in SA seems to have been slow com-
pared with both growth in the East Asia and Pacific region and the histori-
cal experiences of developed countries. Urbanization levels are the lowest in 
Nepal (19 percent) and Sri Lanka (18 percent), while the Maldives (47 percent), 
Bhutan (39 percent), and Pakistan (39 percent) are the most urbanized coun-
tries in the region (Table 4.8). The urban population accounted for 35 percent 
in Bangladesh and 33 percent in India. The agricultural growth and modern-
izations in SA described in the previous section, therefore, seem to have largely 
taken place in the rural sector.

However, in absolute terms, SA’s urban population growth has been 
and is likely to be significant. The urban population increased from about 

FIGURE 4.5 Share (%) of total production of commodity groups, by year, in South Asia
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390 million in 2001 to 590 million in 2016—an addition of 200 million—
and is expected to expand by almost 250 million more in the next 10 years 
(Table 4.8). Urbanization still has been one of the drivers of dietary diversifi-
cations in SA in recent years (Joshi, Gulati, and Cummings 2007).

Urbanization might have also posed certain challenges to food secu-
rity. The 2007–2008 food crisis demonstrated the vulnerability of urban 

TAbLE 4.6 Agricultural diversification patterns in South Asia 

Groups 1960s 1970s 1980s 1990s 2000s 2010s

Share (%) of production values of each commodity group

Cereals/Country 33 33 32 30 28 25

root crops 1 2 2 2 3 3

pulses 6 5 4 3 3 3

Sugar crops 5 5 5 5 4 4

oil crops 5 5 5 5 5 5

vegetables 7 8 9 9 10 11

Fruits 11 10 11 11 12 12

meat 9 9 9 9 9 8

milk 13 13 15 16 19 19

others 10 10 8 10 7 10

Aquaculture production value in South Asia (2010 US$ in thousands)

Bangladesh — — 384,062 889,142 1,560,988 4,177,766

Bhutan — — 8 54 93 350

india — — 1,522,334 2,776,292 4,215,351 8,988,443

nepal — — 10,219 16,084 33,740 94,732

pakistan — — 20,645 16,849 138,071 209,918

Sri lanka — — 4,806 37,348 37,805 51,103

Proportion of gross aquaculture production to gross agricultural production in values  
(agricultural production value = 100)

Bangladesh — — 5 10 12 20

Bhutan — — 0 0 0 0

india — — 1 2 2 4

nepal — — 1 1 1 2

pakistan — — 0 0 1 1

Sri lanka — — 0 2 2 2

Source: authors’ calculations based on Fao (2020a), Fao (2019) for aquaculture production values, and Fao (2020a) for 
commodity groups.
Note: gross aquaculture production value does not include capture fishery. the “proportion” simply compares the sizes and 
does not mean the share of aquaculture production to agricultural production, since the latter figure does not include the 
former. — = data not available.
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populations, especially slum dwellers, to shocks in agricultural markets 
(OECD-FAO 2010). Large urban settlements in SA are marked by widespread 
slums. The share of the urban population living in slums in SA is high (except 
in Bhutan and Sri Lanka), ranging from 17 percent in India to 89 percent in 
Afghanistan (Ellis and Roberts 2016). At least 130 million people were living 

TAbLE 4.7 Growth of outputs by major commodity groups in South Asian countries, 
1980s–2010s

Country

Annual growth rates,  
1980s–2010s (%)

Shares to total outputs  
(average share, 1980s–2010s)

Land 
Rice  

output
Nonrice 
output

Vegetables and 
fruits output

Nonrice  
(%)

Key nonrice  
commodities (%)

Bangladesh 1.2 2.8 3.2 4.2 36 vegetables and fruits (8), 
meat (6), milk (5)

india 0.6 1.8 3.1 3.6 79 vegetables and fruits (21), 
milk (17), meat (6), wheat (6), 
sugarcane (5) 

nepal 0.9 1.8 3.8 5.7 72 vegetables and fruits (17), 
meat (16), milk (12), maize 
(5), wheat (5), potato (5) 

pakistan 0.4 1.0 3.1 2.6 93 milk (31), meat (15), cotton 
lint/seed (13), wheat (10), 
vegetables and fruits (10)

Sri lanka 0.6 1.8 1.0 0.3 66 vegetables and fruits (17), 
tea (12), coconuts (9), meat 
(7), rubber (6)

Source: authors’ calculations based on Fao (2020a) and uSDa (2020).

TAbLE 4.8 Urbanization trend in South Asian countries

Country

Total population (millions) Urban population (millions) Urban population (%)

2001 2011 2016 2001 2011 2016 2001 2011 2016

afghanistan 20.97 29.71 34.66 4.53 7.45 9.40 22 25 27

Bangladesh 134.11 153.91 162.95 32.31 48.06 57.09 24 31 35

Bhutan 0.59 0.74 0.80 0.16 0.26 0.31 26 36 39

india 1,071.48 1,247.24 1,324.17 299.14 390.09 438.78 28 31 33

maldives 0.29 0.38 0.42 0.08 0.16 0.19 29 41 47

nepal 24.16 27.33 28.98 3.37 4.69 5.51 14 17 19

pakistan 141.60 174.18 193.20 47.36 64.46 75.78 33 37 39

Sri lanka 18.80 20.27 21.20 3.46 3.71 3.90 18 18 18

South asia 1,411.99 1,653.76 1,766.38 390.42 518.88 590.97 28 31 33

Source: Data from World Bank (2017).
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in informal urban settlements in SA in 2009 (ADB 2014). Slum populations 
often do not have access to water and sanitation facilities, making them more 
likely to suffer from disease and malnutrition. At the same time, where it has 
occurred, urbanization might have been associated with the dramatic increase 
in the proportion of dietary energy derived from oils and fats and considerable 
increases in the consumption of fruits, vegetables, and dairy and other ani-
mal products. Food consumption patterns have been changing across regions, 
with consumption of noncereal crops growing in both rural and urban areas. 
Rural and urban food consumption patterns are not uniform across SA, but 
some common trends emerge. Food accounts for a smaller share of consump-
tion expenditure in urban areas than in rural areas, and urban households 
have more diverse diets than rural households (Joshi, Parappurathu, and 
Kumar 2016).

Nutrition Transition

SA seems to be going through a nutrition transition (Chapter 10)—defined 
as the process of changes in the food environment, physical activity, and 
lifestyle that result in declining levels of undernutrition and increasing lev-
els of overnutrition over time (Popkin 1993). Reduced staple crop prices in 
countries like India and Bangladesh, realized through investments in public 
research and development, have led to significant reductions in poverty, and 
increases in disposable incomes have led to increased dietary diversification 
through consumption of higher-value nonstaple commodities (Pingali 2012). 
Considerable progress has also been made on improving nutritional outcomes. 
For instance, Nepal has recorded the fastest reduction in child stunting in 
the world recently, from 56 percent in 2001 to 36 percent in 2016 (Nepal, 
Ministry of Health 2016).

Despite such transitions and progress, challenges remain. SA remains the 
global hub of nutrition insecurity. In 2016, two out of every five of the world’s 
stunted children lived in SA, and more than 15 percent of children under age 
5 were wasted. In fact, stunting levels in SA (38 percent) were comparable to 
those in SSA (37 percent) and over three times higher than in East Asia and 
the Pacific (12 percent) or Latin America (11 percent).

Investments into staple crops are also said to have crowded out the 
required investments for traditional crops that were important sources of criti-
cal nutrients, such as legumes and pulses (Pingali 2012). Consequent increases 
in their prices in India are considered to have reduced the consumption of 
these commodities (Pingali 2012).
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South Asia has also seen a rapid emergence of overnutrition (Figure 4.6). 
Obesity reached 20 percent in India and 13 percent in Nepal by 2013. In 
India, overnutrition and associated noncommunicable diseases have also grad-
ually spread from urban to rural areas lately (Meenakshi 2016). In SA, about 
one in four adults are currently overweight.

Innovations and Agricultural Transformation
This section highlights key technological and institutional innovations and 
key policies that might have partly enabled the agricultural growth in SA 
described in the previous sections. The section also discusses that these inno-
vations have so far been associated with labor-intensive agricultural transfor-
mation in SA. Despite the gradual shift in the comparative advantages from 
smallholders to larger farms, such effects might not have been strong enough 

FIGURE 4.6 Incidence of poverty, undernourishment, stunting, and overweight in South 
Asia (%)

36

24

12

22

16

25
30

7

23
27

16 15

5
8

22 22

16

41

36
34

38

20

36

45

15

37

46

17

35

20

40

13

33

26
23

0

5

10

15

20

25

30

35

40

45

50

Af
gh

an
is

ta
n

Ba
ng

la
de

sh

Bh
ut

an

In
di

a

M
al

di
ve

s

Ne
pa

l

Pa
ki

st
an

Sr
i L

an
ka

So
ut

h 
As

ia

Poverty
Undernourished
Stunting
Overweight

Source: Data from World Bank (2017) (poverty, undernourishment, stunting); ihme (2014) (overweight).
Note: the poverty head count data pertain to different years: afghanistan, 2011; Bangladesh, 2016; Bhutan, 2012; india, 
2011; maldives, 2009; nepal, 2010; pakistan, 2013; and Sri lanka, 2012. undernourishment figures pertain to 2015. Stunt-
ing figures pertain to various years: afghanistan, 2013; Bangladesh, 2014; Bhutan, 2010; india, 2015; maldives, 2009; nepal, 
2016; pakistan, 2012; Sri lanka, 2012; and South asia, 2015. poverty head count ratio and undernourishment are given as 
percentage of population; stunting figures pertain to children under 5 years of age. the prevalence of overweight data are all 
from 2013.

132 Chapter 4



to overcome constraints for farm size expansions. Similarly, despite the grow-
ing wage gap between the agricultural sector and the nonagricultural sector, 
the former has remained one of the primary sources of rural employment.

Technological and Institutional Innovations

SA has seen considerable progress in technological and institutional  
innovations.

VARIETAL TECHNOLOGIES

For varietal technologies, public-sector-led conventional plant breeding has 
continued producing newer generations of improved varieties (Hossain et al. 
2003). Genetic improvement efforts had been significant, not only for widely 
documented breeding for staple crops, but also for vegetables—including, for 
example, application of molecular-based methods for breeding virus-resistant 
tomatoes in southern India (Weinberger and Lumpkin 2007).

Over the years in the region, the public sector has accumulated 
plant-breeding technologies and knowledge, as well as a supply of superior 
germ plasms, which have raised the potential of developing hybrid varieties. 
At the same time, there has been increased participation of the private sector 
in agricultural research and development over the past few decades. Recently, 
hybrid varieties have been developed for maize, rice, and wheat (Matuschke, 
Mishra, and Qaim 2007), as well as pearl millet (Matuschke and Qaim 2008). 
The adoption rates of hybrid maize and hybrid rice have grown considerably. 
Furthermore, the increased applicability of biotechnologies (including genetic 
engineering) has induced private-sector participation, which has resulted in 
the successful development of Bt cotton and vegetable seed developments 
(see, for example, Krishna and Qaim 2007). Strengthening intellectual prop-
erty rights is also likely to have accelerated private-sector participation (Pray 
and Nagarajan 2014). In countries like India, this progress has coincided 
with the deregulation of the seed sector that started in the 1990s (Pray and 
Nagarajan 2014).

MECHANIZATION RELYING ON SMALL-SCALE MACHINES

Mechanical tools have spread widely in SA over the past few decades, but 
possibly in ways not displacing substantial labor force in agriculture, which 
is appropriate in raising labor productivity in the labor-abundant environ-
ment. This has been achieved by the spread of various types of small-scale 
machines, including mechanical water-lifting tools, tens of millions of which 
are in SA (Mandal, Biggs, and Justice 2017). Since the 1990s, the use of small-
scale shallow tube wells and motorized pumps has increased the extraction of 
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groundwater and surface water in Bangladesh, where importation of shallow 
tube wells was liberalized in the 1990s (Ahmed 1995), as well as Nepal and 
the IGP of India (Shah et al. 2009). Power tillers have spread as well for land 
preparation and local transportation. At the same time, four-wheeled, riding 
tractors that have been more common in India and Pakistan might have been 
more suitable in rice-nonrice crop rotation common in parts of SA like India, 
and mechanization might have led to significant area expansions, sustain-
ing the overall demand for labor (Pingali 2007). The growth of the domestic 
manufacturing industry, such as in India, facilitated the development of small 
four-wheeled tractors that are more suitable on smallholder-dominated upland 
in the region (Pingali 2007). These mechanization patterns may explain why 
the land-labor ratio did not increase with the increases in tractor HP per 
worker shown in Figure 4.2.

INSTITUTIONAL INNOVATIONS

SA has seen various institutional innovations in the past few decades. The 
growth of market institutions has been observed in the growing participation 
of new actors in processing, trading, and wholesale for both staple crops like 
rice and potato (Reardon et al. 2012) and nonstaple crops (Fafchamps, Hill, 
and Minten 2008). Vertical integration has also been strengthened for crops 
like sugarcane in India (Patlolla, Goodhue, and Sexton 2015). However, con-
straints remain for food sanitation along the value chain for vegetables/fruits 
and dairy value chains in India (Fafchamps, Hill, and Minten 2008; Kumar, 
Wright, and Singh 2011). Markets for minor crops have also expanded. 
Increased market participation has had positive effects on on-farm varietal 
diversity for millet in India (Takeshima and Nagarajan 2012). Marketing 
institutions including contract farming and cooperatives have become increas-
ingly important for production and marketing of high-value vegetables and 
fruits, poultry, and higher-quality milk, which has led to the adoption of 
improved food safety practices (Joshi, Gulati, and Cummings 2007; Kumar et 
al. 2018), as will be discussed in Chapter 11 in depth.

Market institutions have also developed regionally. The South Asian Free 
Trade Area (SAFTA) agreement in 2004 potentially increased market inte-
gration across SA countries. Trade liberalization in the early 1990s might have 
improved the resilience of countries like Bangladesh against food crises caused 
by natural disasters like floods (del Ninno and Dorosh 2001).

Institutional innovations have also been widespread for common resource 
management. Transfer of forest use rights to local communities reduced for-
estry resource extraction in Nepal (Edmonds 2002). In India, increased 
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demand for wood products has led to increased forestry cover, reversing the 
trend of deforestation (Foster and Rosenzweig 2003). Community irriga-
tion systems have also grown (Bardhan 2000). Environmental efficiency has 
also been raised by new production technologies, such as Bt cotton that has 
reduced chemical pesticide use in Pakistan (Kouser and Qaim 2015).

Key Policies That Partly Facilitated the Innovations

INFRASTRUCTURE DEVELOPMENT

The increased stocks of physical infrastructure (for roads, electricity, infor-
mation and communications technology, etc.) as well as institutional infra-
structure have been important drivers of agricultural diversification away 
from traditional low-value crops to higher-value crops (Joshi, Gulati, and 
Cummings 2007). Better road infrastructure has often reduced the trans-
action costs for marketing perishable commodities like vegetables and fruits 
(Joshi, Gulati, and Cummings 2007). Infrastructure for veterinary insti-
tutions and artificial insemination centers for livestock was likely to have 
encouraged diversification in the production of livestock products (Joshi, 
Gulati, and Cummings 2007).

Many SA countries, including Bangladesh, India, and Pakistan, have 
expanded key infrastructure during the past several decades (Table 4.9). Paved 
roads expanded by more than five times between the 1970s and 2000s in all 
three countries. The number of ground line telephones multiplied by almost 
5 in Bangladesh and almost 10 in India and Pakistan during the same peri-
ods. The public expenditures on infrastructure during these periods have 
been substantial.

MACRO POLICIES ON LIBERALIZATION

The series of innovations are also likely to have been partly induced by the eco-
nomic and macro policy reforms introduced in many SA countries in the past 
few decades. Many SA countries, including India, Pakistan, and Sri Lanka, 
have gradually reduced the distortions of their exchange rates, which had 
typically been fixed and overvalued (Sahoo, Nataraj, and Dash 2013). India 
since the 1980s and Pakistan throughout the 1980s saw significant devalua-
tions that helped raise the competitiveness of some of the export crops. Unlike 
some other developing countries (particularly those in SSA), these SA coun-
tries have managed to stabilize the exchange rates even after the shift to the 
floating exchange rate system. For example, the real exchange rate in Pakistan 
remained largely unchanged from the late 1980s to the 2010s (Spielman et 
al. 2017).
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Investment policies have also been reformed in many SA countries. For 
example, in 1997, Pakistan allowed foreign direct investment (FDI) in the 
agricultural sector, though it had restricted FDI to the manufacturing sector 
in the previous period (Sahoo, Nataraj, and Dash 2013). Similarly, in Nepal, 
the share of FDI flowing into the agricultural sector started increasingly, from 
almost zero in 2000 to 4 percent in 2010 (Sahoo, Nataraj, and Dash 2013).

However, the extent of the effectiveness of macro policies in the agricul-
tural sector remains uncertain. While trade liberalization policies have sig-
nificantly reduced the tariff rates for nonagricultural goods, average tariffs 
for agricultural goods have remained higher, around 40 percent in India and 
30 percent in Sri Lanka (Sahoo, Nataraj, and Dash 2013). While SA countries 
have seen increased shares of tax revenues originating from income tax and 
value-added tax, rather than seigniorage and tariff (Aizenman and Jinjarak 

TAbLE 4.9 Improvement in infrastructure and communication in selected South Asian 
countries, 1970–2010

Infrastructure/communication Bangladesh India Pakistan

paved roads (1,000 km)

1970s 3.7 334 19

1990s 16.4 1,258 104

2000s 21.2 1,818 167

Percent increase between 1970s and 2000s 573 544 954

landline telephones (per 1,000 people)

1970s 1.52 2.51 3.18

1980s 2.55 4.03 4.98

1990s 2.55 13.06 14.87

2000s 6.55 35.91 27.98

Percent increase between 1970s and 2000s 470 1,058 1,044

Cellular phones (per 1,000 people)

1990s 0.3 0.9 0.7

2000s 141.4 154.6 226.8

2010–2012 552.0 674.0 618.0

public expenditure on infrastructure (2005 billion uS$)

1980s 1.29 2.72 2.19

1990s 1.20 3.40 1.74

2000s 1.05 8.85 1.11

Source: rashid et al. (2013). reproduced by permission of the publisher; this table is not covered by the CC BY 4.0 license.
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2009), the taxation of agricultural incomes appears to have remained incom-
plete, especially in India and Pakistan.

SUBSIDIES ON CREDIT, INSURANCE, AND INPUTS

SA countries have also supported provisions of institutional credit, insurance, 
and agricultural inputs. For example, India has made efforts to allocate credit 
to the agricultural sector by increasing the overall volume of credit that goes 
to the sector, by waiving institutional debt for small farmers and allowing one-
time settlement, and through interest-subvention schemes that reward prompt 
repayment by borrowers (Narayanan 2016). Consequently, in India the flow 
of formal-sector agricultural credit has been consistently increasing, with 
the ratio of agricultural credit to agricultural GDP rising from 10 percent 
in 1999–2000 to about 38 percent in 2012–2013 (Kumar et al. 2017), and 
the share of credit-financed portion out of the spending on agricultural 
inputs increasing from 21 percent in 1995/1996–2003/2004 to 69 percent in 
2004/2005–2011/2012 (Narayanan 2016). Institutional credit has been pos-
itively associated with agricultural development in various ways in countries 
like India (see, for example, Narayanan 2016). Between the mid-1990s and 
early 2010s, greater credit flows had been associated with the increased use of 
chemical fertilizer, use of pesticides, or investments into agricultural capital 
like tractors. At the same time, the effects of credit on agricultural GDP, effi-
ciency, and productivity have been relatively limited (Narayanan 2016). These 
patterns suggest that institutional credit might have been more associated 
with the increase in agricultural productivity where capital inputs (purchased 
by credit) offered higher productivity than noncapital inputs (see Chapter 16 
for further discussion).

In Bangladesh, formal credit for machinery purchase has been increas-
ingly provided by the importers that have comparative advantages in mon-
itoring and loan payment collections, rather than directly through the 
bank. Khandker (2007) found that microfinance institutions in Bangladesh 
enhanced flood-affected households’ access to finance and thereby played a 
central role in enhancing their coping ability after devastating floods.

The uptake of agricultural insurance has been rising, albeit slowly, in India. 
By 2016, 57 million farmers in India had been covered by some type of insur-
ance (Gulati, Terway, and Hussain 2018). The cost-effectiveness of these subsi-
dized insurance programs remains ambiguous with limited empirical evidence 
(see Chapter 17). In parts of India, indexed insurance increased investments 
into potentially higher-return cash crops that are more sensitive to rainfall 
(Cole et al. 2013). In parts of Bangladesh, indexed insurance significantly 
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enhanced risk-management effects and expanded cultivated area and spending 
on agricultural inputs (Hill et al. 2019). However, further studies are needed 
on the effects of agricultural insurance on agricultural productivity, profit-
ability, and farm incomes, for which evidence remains thin.

Among input subsidies, fertilizer subsidies often accounted for 2–3 percent 
of total public expenditures and often more than 30 percent of agricultural 
expenditures in Bangladesh, India, and Pakistan between 1980 and 2010 
(Rashid et al. 2013). These fertilizer subsidies were effective in reducing fer-
tilizer prices during this period—as much as 30 percent in India, 9 percent 
in Bangladesh, and 3 percent in Pakistan (Rashid et al. 2013). However, it is 
also important to note that these subsidies also led to significant distortions 
of fertilizer markets. Combined with exchange rate distortion, fertilizer prices 
often deviated substantially from international prices (Rashid et al. 2013). 
The subsidies have also been rather regressive; that is, larger farms generally 
benefited more than smallholders. Furthermore, fertilizer subsidies have also 
been considered partly responsible for various environmental damages caused 
by their overuse, including groundwater pollution in Bangladesh (Alauddin 
and Quiggin 2008) and India (Rashid et al. 2013), as well as air pollution in 
India (Aneja et al. 2012).

Farm Size and Production Efficiency

The average farm size in SA has been declining over the past several 
decades. This trend has been consistent across many SA countries, includ-
ing Bangladesh and Nepal with very small farm sizes (less than 1 hectare on 
average), India with slightly larger farm sizes (around 1 hectare on average), 
and Pakistan with modestly larger farm sizes (around 3 hectares on average) 
(Table 4.10).

Declining farm sizes and the process of land fragmentation in SA coun-
tries have been partly influenced by government policies in these countries, 
including the law of inheritance of paternal property, lack of progressive 
tax on inherited land, heterogeneous land quality, and an underdeveloped 
land market (Niroula and Thapa 2005). Pakistan has imposed a progres-
sive land tax, where larger farms are taxed at a higher rate than smaller farms 
(Adamopoulos and Restuccia 2014). In India and Nepal, a land reform pro-
gram called the land-to-the-tiller program was implemented, albeit with a lim-
ited implementation capacity, whereby the land was transferred from large 
landholders to tenants who actually cultivate the land, and ceilings were set 
for the land ownership.
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Evidence suggests potentially negative effects of declining farm size, as well 
as fragmentation, on productivity and efficiency. Adamopoulos and Restuccia 
(2014) estimated that the aforementioned tax policies in Pakistan reduced 
average farm size and agricultural productivity by 3 percent. The aforemen-
tioned policies on the land-to-the-tiller program in India and Nepal discour-
aged optimal land concentration that would achieve economies of scale in 
production (Otsuka, Liu, and Yamauchi 2016).

The negative productivity and efficiency effects of declining farm size have 
also been aggravated by accelerating land fragmentation. Land fragmenta-
tion was found to increase the cost of cultivation in India (Deininger 2017) 

TAbLE 4.10 Declining farm sizes in selected South Asian countries

Country Year Average holding size (ha)

Bangladesh 1983 0.80

1996 0.47

2008 0.37

india 1971 2.28

1986 1.69

1991 1.57 

1995–1996 1.41

2001 1.33 

2005–2006 1.23

2010–2011 1.15

nepal 1980 1.12

1990 0.95

2000 0.79

2011 0.66

pakistan 1970 5.29

1980 4.70

1990 3.78

2000 3.08

2010 2.59

Sri lanka 1960 1.61

1970 1.24

1980 1.08

2002 0.47

Source: Data from Fao (2020c).
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and had negative effects on rice productivity and efficiency in Bangladesh 
(Rahman and Rahman 2009). Niroula and Thapa (2005) conclude, based 
on reviews of the literature in SA, that fragmentation of small landhold-
ings and tiny land parcels have been detrimental to land conservation and 
economic gain and that they have discouraged farmers’ adoption of agricul-
tural innovations.

Meanwhile, relations between farm size and productivity have been 
changed by growing adoptions of mechanization in SA in the last few decades. 
Even though the machine rental markets providing hiring services have been 
relatively efficient and have managed to enable not only larger farmers but 
also smallholders to adopt mechanization, mechanization, particularly recent 
large-scale mechanization, has shifted the comparative advantage to larger 
farms. In Nepal, the adoptions of mechanical technologies (tractors, in par-
ticular) have directly raised the returns to scale in agriculture, shifting the 
comparative advantage from smallholders to larger farms (Takeshima 2017a). 
Aside from mechanization, Deininger et al. (2018) argue, the labor market 
imperfections in India have dissipated over time, and this too has weakened 
the inverse relationship between farm size and output per area. According 
to them, previously family labor was overused for farming because they were 
rationed out of off-farm labor markets, which were less functioning, and the 
extent of overuse was greater among smaller farms with greater family labor 
endowments. In the last few decades, however, an increasingly functioning 
labor market has started absorbing more family labor into the off-farm market, 
while reducing on-farm family labor use to a more optimal level.

With labor market transformation, increased infusion of capital into the 
agricultural sector in the form of mechanization, and the resulting shift in 
comparative advantages toward larger farms, the institutional failures in devel-
oping efficient land markets are now becoming increasingly important bottle-
necks in SA.

Emerging Rural Employment Opportunities

In SA, the agricultural sector has remained the major source of rural employ-
ment in the past few decades, despite the gradual expansion of the nonfarm 
sector. The persistently high contribution of the agricultural sector as the 
source of rural employment is consistent with the presentations in earlier sec-
tions, where labor use per hectare has remained unchanged, even though labor 
productivity in agriculture has risen substantially in many SA countries. In 
India, the agricultural sector has long competed with the industrial and ser-
vice sectors for workers. Where labor mobility has been low, the industrial 
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sector has often moved to areas with lower agricultural productivity and thus 
lower wages (Foster and Rosenzweig 2004). However, rural labor mobility 
was not always low. In Nepal and Pakistan, the adoption of modern varieties 
in favorable areas benefited marginal areas through increased labor demand 
and migration (Upadhyaya, Otsuka, and David 1990; Renkow 1993).

Rural employment in the agricultural sector has remained high and, in 
some cases, has increased in absolute terms. The crop sector rather than the 
livestock sector has often been the major source of agricultural employment, 
as in, for example, Pakistan (Spielman et al. 2017). New agricultural tech-
nologies in SA, particularly in India, have been relatively more skill intensive, 
raising the returns to primary schooling (Foster and Rosenzweig 1996) and 
thereby raising the demand for moderately educated labor. Output growth has 
increased demand for harvesting labor, even for labor-saving varieties like Bt 
cotton in India (Subramanian and Qaim 2009). Such growth for harvesting 
labor is, however, also a reflection of the fact that wages are still low, prevent-
ing the spread of mechanical harvesters that has been widely observed in East 
Asia lately. Once the wage level rises to the critical threshold, rural employ-
ment in SA is likely to shift considerably to the nonfarm sector.

NONFARM SECTOR

In SA, the share of rural employment in the nonfarm sector has remained low 
and has just started rising gradually. Table 4.11 compares the shares of rural 
employment among different economic activities in the five SA countries in 
recent decades. Direct comparisons across countries or over time should be 
made with caution, due to the differences in the classifications of activities, 
measurements, and periods. However, these figures collectively provide use-
ful insights.

The construction sector has been one of the fastest-growing sources of 
rural employment among the nonfarm sector, particularly in India and Nepal. 
To a lesser extent, rural employment in the manufacturing of farm products 
has grown in parallel with the overall farm output growth. The rice-milling 
sector, which is still dominated by small-scale mills in India and Bangladesh, 
and potato cold storage facilities in Bangladesh have provided significant 
sources of employment despite relatively high capital intensity (Reardon et al. 
2012).4

4 For example, in Bangladesh, despite the rising rice yield and productivity, traditional small-scale 
mills still provide the majority of milled rice (Reardon et al. 2012).
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Employment growth in the manufacturing of nonfarm products has been 
driven by textile industries. For example, the garment industry has grown 
considerably in Bangladesh, and by 2007–2008, 2.5 million workers had 
been employed in the sector (Mottaleb and Sonobe 2011). The growth of the 
Bangladesh garment industry has been enabled primarily by international 
transfer of production technologies and skills in management and interna-
tional marketing, coupled with enhanced education levels (Mottaleb and 
Sonobe 2011). Furthermore, Bangladesh succeeded in creating an enabling 
environment for garment-sector growth by maintaining stability and predict-
ability of garment-industry policies, rather than focusing on heavier inter-
ventions that may be more substantial in scope but can also bring significant 
unpredictability from the private sector’s perspectives (Ahmed, Greenleaf, 

TAbLE 4.11 Shares of rural employment in selected South Asian countries, by activities (%)

Country Period Agri culture Construc tion Trans port Manu fac ture
Trade  
etc.

Other 
services

Bangladesha 2000 58 3 17 10 — 12

indiab 2004–
2005

73 5 3 8 6 5

2009–
2010

68 10 3 7 6 6

nepalc 1995 83 1 1 2 0 13

2010 61 7 2 4 1 25

pakistand 2005/ 
2006

43 — — — industry: 21,  
Services: 36

2013/ 
2014

44 — — — industry: 23,  
Services: 34

Sri lankae 2003 33 — — 27 25 14

Source: authors’ compilations based on sources in the last column. a haggblade, hazell, reardon (2010); b Chowdhury (2011, 
table 5); c takeshima (2017b); d Spielman et al. (2017); e Deininger, Jin, Sur (2007).
Note: For Bangladesh, “transport” includes “commerce”; “other services” includes “personal, financial, and community 
services”; “construction” includes “construction and utilities mining.” transport includes “transport and commerce.”
For india, “construction” includes “mining”; “trade” includes “trade, hotel, and restaurant.” “other services” includes “elec-
tricity, gas, and water supply; finance; real estate, etc.; and public administration and other services.”
For nepal, figures for the urban and rural sectors, as well as male and female, and across agroecological belts in takeshima 
(2017b) are combined using the population weights. Figures are also based on the share of hours engaged in each activity.
For pakistan, figures for 2005/2006 and 2013/2014 include urban sector, which account for about one-third of the country’s 
population.
For Sri lanka, agriculture data is from aDB (2007). manufacture, trade, and other services includes nonfarm “enterprises” 
and not wage employment. Figures are based on Deininger, Jin, Sur (2007), multiplied by the share of nonfarm economic 
activities to total rural employment.
— = data not available. 
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and Sacks 2014). Where these conditions exist, export-oriented manufactur-
ing may grow substantially even in the rural areas in SA (see Chapter 11).

Other major sources of rural employment include government services. In 
the 1990s, government jobs provided about 25 percent of rural nonfarm earn-
ings in rural Pakistan and nearly 20 percent of rural nonfarm employment in 
rural India (Haggblade, Hazell, and Reardon 2010).

The expansion of public works social protection policies has had certain 
effects as well on rural employment in SA. A notable example is India’s Rural 
Employment Guarantee program, which has offered employment on local 
public works to any rural adult residents demanding work for up to 100 days. 
This program has been one of the largest public works schemes and had cov-
ered about 30 percent of rural households in India from 2009 to 2015, gen-
erating more than 2 billion person-days of work per year from 2008 to 2014 
(Drèze and Khera 2017). Although there are still issues with these programs, 
including corruption and the lack of accountability in program implemen-
tation, the program has been found to significantly reduce lean-season pov-
erty, to increase consumption particularly among scheduled castes (Bose 2017; 
Drèze and Khera 2017), and to increase wages (Merfeld 2019).

Potential Factors Limiting Structural Transformation  
in South Asia

Despite the agricultural and rural development described in SA in this chap-
ter, the region has still lagged behind Northeast Asia (such as the Republic of 
Korea) and some countries in Southeast Asia in terms of structural transfor-
mation. This is despite the fact that these countries had started with similar 
factor endowments and level of economic development in the 1950s and had 
similar access to the Green Revolution technologies. While it is difficult to 
pinpoint exact factors that have led to such divergence, two potential factors 
are irrigation and education.

The difference in the use of irrigation for Green Revolution technologies 
between SA and East Asia might have been responsible for the differences in 
productivity growth between these regions. In Bangladesh and India, which 
account for the majority of the rice area in SA, the share of the total rice area 
that was irrigated remained lower than in many East Asian countries, and this 
has been consistent with differential rice yields in these regions (Figure 4.7). 
Often, irrigation had been the most important factor affecting the adoption 
of improved rice varieties in Asia during the Green Revolution (Estudillo and 
Otsuka 2012). This was because Green Revolution technologies had been 
developed more for irrigated areas, while the development of varieties for 
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rainfed areas came much later. Importantly, however, SA countries have also 
been catching up with East Asia. In the first 30 years of the country’s inde-
pendence, Bangladesh invested US$5 billion (in real terms) in large-scale irri-
gation projects, in part through the financial loans from the development 
partner (Rashid et al. 2013). Similarly, India invested more than $9 billion 
in public irrigation projects between 1971 and 1995 (Rashid et al. 2013). 
These investments may help narrow the transformation gap between SA and 
East Asia.

Slower labor movement out of the agricultural sector in SA might have 
been partly associated with a historically lower human capital level in the 
region. Average education levels among adults have remained lower than those 
in East Asia over the last half century, despite the gradual increases during this 
period (Figure 4.8). These differences are likely to have affected the overall 
economic growth in these regions. Siddiqui and Rehman (2017) suggest that 
educational differences largely affected the growth difference between East 
Asia and SA. In India and China, education has had similar effects on growth, 
and thus the gap in education between these two countries has accounted for 
the gap in economic transformation (Bosworth and Collins 2008).

FIGURE 4.7 Share of rice area irrigated (%) and rice yield (tons per hectare) in selected Asian 
countries and regions

0

10

20

30

40

50

60

70

80

90

100

19
70

19
73

19
76

19
79

19
82

19
85

19
88

19
91

19
94

19
97

20
00

20
03

20
06

20
09

20
13

20
16

Rep of Korea
Indonesia

Malaysia
Philippines
India

Bangladesh

a. Area irrigated
China

0

1

2

3

4

5

6

7

19
60

19
65

19
70

19
75

19
80

19
85

19
90

19
95

20
00

20
05

20
10

20
15

Northeast Asia
Southeast Asia
South Asia

b. Rice yields

Source: Fao (2020b) for post-2000 shares of irrigated areas; Fao (2020a) for rice yield; pingali and hussain (1998) for 
shares of irrigated areas for 1978 and 1992–1994.

144 Chapter 4



Concluding Remarks
SA has one of the highest labor-land ratios in the world. However, the region 
seems to have followed the Asian-type agricultural growth path character-
ized by Hayami and Ruttan (1985). Since the 1980s, even the most land-scarce 
countries, like Bangladesh and Nepal, seem to have started reversing the previ-
ous trend of declining labor productivity up to the 1970s. The region appears 
to be finally shifting toward the beginning of the transformation process with 
greater increases in labor productivity than land productivity, which many 
advanced countries have experienced in the past. The underlying technology 
landscape seems to have shifted as well; mechanization growth in the past 
three decades has been considerable and seems to have reached the stage where 
further increases in power and machinery use are associated with a significant 
increase in the land-labor ratio. This is consistent with the growing evidence 
in the region that smaller farms are becoming inefficient relative to the larger 
farms. Institutional failures in developing land markets can become increas-
ingly important bottlenecks.

Land productivity growth in SA has followed diverse patterns, with some 
countries shifting from cereals to higher-value vegetables and fruits, some 

FIGURE 4.8 Average years of education among adults (15 years old and older) in selected 
South Asian countries contrasted with East Asian countries
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countries shifting from traditional export crops to cereals, and some countries 
shifting from traditional cereals to higher-value cereals. Yet, there has been a 
convergence of agricultural output per unit of land within SA.

Technological innovations, ranging from the adoption of machines and 
chemicals to improved varieties, have been led by both the public and the pri-
vate sector in SA. Public support and institutional innovations seem to be 
associated with expanded provisions of agricultural finance and insurance, as 
well as collective actions in milk production, improved food safety practices, 
and management of common resources including irrigation facilities and for-
ests. Liberalization and regional integration might have facilitated the trade 
growths of agricultural commodities within the region, and they have poten-
tially improved national resilience against food crises.

SA, however, still faces various emerging challenges. Natural resources, 
including water resources, continue to degrade. Nutritional improvements 
still seem to lag behind agricultural growth. The varying agricultural growth 
might also have important implications for inequality, between urban or 
peri-urban areas experiencing fast modernization and rural areas where the 
low-paying agricultural sector remains the dominant source of employment. 
Raising the labor productivity in agriculture is likely to be critical in SA, and 
it will require, among other things, careful balancing of support for rural non-
farm employment, facilitating labor movement from farm to the nonfarm 
sector, and continued support for the farm sector in ways that lead to produc-
tivity enhancement without resource degradation.
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AFRICA’S UNFOLDING AGRICULTURAL 
TRANSFORMATION

Ousmane Badiane, Xinshen Diao, and Thomas Jayne1

For decades, observers of Africa have referred to the region’s economic trans-
formation in the future tense.2 Today, most development scholars agree 
that Africa has experienced an extraordinary period of economic devel-
opment in the 21st century, even while the underlying causes are still not 
fully understood.

This chapter on Africa documents the region’s unfolding agricultural and 
broader economic transformations, explores the underlying drivers and implica-
tions of these transformations, and considers the new policy priorities dictated 
by these developments. It starts with an analysis of the shifting role of agricul-
ture in the development of African economies, and the history and status of 
agricultural transformation and its implications for economic growth, poverty 
reduction, food systems, and nutrition. The second section reviews changes in 
agricultural productivity growth over time. The third section discusses pat-
terns of poverty reduction and urbanization and related changes in diets, as 
well as their effects on agrifood systems and nutrition outcomes. The fourth 
section summarizes four broad trends that illustrate Africa’s agricultural trans-
formation to date and briefly discusses their possible future evolution.

Changing Roles of Agriculture3
Agricultural transformation is an important element in overall economic 
transformation processes (Mellor 1976; Timmer 1988). During the course 
of agricultural transformation, agrifood systems shift from traditional 
low- productivity subsistence production systems to commercially oriented, 
high-productivity systems with significant value addition occurring off the 
farm (Timmer 1988). Agricultural transformation contributes to overarching 

1 This chapter has benefited from excellent research assistance by Julia Collins.
2 Africa refers to “Africa south of the Sahara,” which is the regional focus of this chapter.
3 This section draws heavily on Jayne, Chamberlin, and Benfica (2018). 
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economic and rural transformation processes, which are associated with 
increased heterogeneity of livelihood opportunities, stronger links between 
rural and urban areas, and changing roles for agriculture (IFAD 2016).

As is discussed in Chapter 1, agriculture plays a central role in eco-
nomic transformation as the main source of employment, income, and fiscal 
resources, all of which are essential in fueling demand for goods produced in 
the nascent industrial sector and financing public goods and services neces-
sary to foster broader growth in the economy. As the nonagricultural sector 
expands, labor moves from agriculture to manufacturing and services, result-
ing in higher overall productivity and incomes as the economy matures.

Many of these transformation processes are now clearly visible in Africa. 
After decades of stagnation, much of Africa has enjoyed sustained agricul-
tural growth—4.73 percent per year on average between 2000 and 2018.4 
Real per capita gross domestic product (GDP) grew by over one-third on aver-
age between 2000 and 2014, with faster growth of 100 percent or more in 
some countries (Barrett et al. 2017). Poverty rates have fallen significantly—
the share of people in Africa living on less than US$1.90 a day declined from 
55 percent in 1990 to 42 percent in 2015 (World Bank 2020b).5 Africa’s 
workforce is shifting, in some cases quite rapidly, from farming to off-farm 
sectors. The number of medium- and large-scale farms is increasing, and in 
some countries they account for a sizable and rising portion of total farmland 
(Jayne et al. 2016). Agribusiness and downstream food systems are respond-
ing dynamically to population growth and urbanization. Changing food diets 
associated with income growth and urbanization are raising the demand for 
processed food products and creating new employment opportunities in agri-
food systems (Tschirley et al. 2015b). Governments that have invested robustly 
in their agricultural sectors, such as in Ethiopia, Rwanda, and Burkina Faso, 
are reaping the benefits—stronger economic growth, declining poverty rates, 
and better nutritional status (Badiane and Makombe 2015). The countries 
with the highest rates of agricultural productivity growth during this period 
also tended to experience the most rapid diversification of the labor force into 
off-farm and nonfarm employment (Yeboah and Jayne 2018).

4 Based on World Development Indicators annual growth of agricultural value-added, defined 
as constant local currency unit value of agriculture, forestry, and fishing outputs minus input 
costs (WDI code NV.AGR.TOTL.KD.ZG). Africa’s impressive agricultural growth rate over 
the 2000–2018 period is weighted by population and is led by high rates of growth in Nigeria 
and Ethiopia, but many African countries also achieved annual growth rates well over the world 
average of 2.75 percent in this period. 

5 All dollars are US dollars.
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The economic landscapes in which small farmers have traditionally oper-
ated are therefore shifting rapidly. Urbanization and development of food sys-
tems to feed growing cities are reshaping African farmers’ access to markets, 
starting with those closest to towns and moving outward into hinterland areas 
(Richards et al. 2016). The rise of secondary cities has expanded market access 
and extended value chains into previously hard-to-reach areas (Chamberlin 
and Jayne 2013). Access to output and input markets is increasing for many 
farmers, and the share of rural populations living in isolated areas—while 
still high—has fallen sharply (Masters et al. 2013). In many countries, aver-
age farm sizes are increasing as a growing group of urban-based investor farm-
ers acquire medium- and large-scale farms. Markets for agricultural factors, 
including land, labor, and labor-saving inputs such as fertilizer, pesticides, her-
bicides, and mechanization, are seeing increased farmer participation in many 
areas (Deininger, Savastano, and Xia 2017; AGRA 2016; Jayne et al. 2019). 
Agricultural commercialization is increasingly attracting private investment. 
In areas with growing numbers of medium-scale farms, large-scale traders 
are also increasing investments and expanding operations (Sitko, Burke, and 
Jayne 2018). Africa’s rapid urbanization has created sharply rising demand for 
food in urban markets, leading to growing opportunities for farmers, traders, 
and food processing along the value chain (Reardon 2015).

While these are unmistakable positive developments, there remain at 
least three major challenges that, if not proactively addressed, will impede 
the pace of Africa’s economic transformations. First, unlike in the stylized 
Asian structural transformation process, a large majority of African coun-
tries have not achieved meaningful growth in manufacturing. In Asian 
countries such as Bangladesh, China, the Republic of Korea, and Viet Nam, 
labor- intensive manufacturing, often for export, offered a higher-productiv-
ity and more remunerative alternative to farming. People are leaving farming 
in Africa as well, but most of the former agricultural labor force enters infor-
mal sectors that are not able to provide sufficient numbers of well-paying jobs 
(Diao, Magalhaes, and McMillan 2018). The fastest-growing occupations are 
often nontradable, such as construction, the food trade, cooking goods, and 
personal care services. Private-sector employment, whether informal or for-
mal, is growing more rapidly in most countries than public-sector jobs (Diao, 
Harttgen, and McMillan 2017; Yeboah and Jayne 2018).

Second, the region’s transformation in recent years masks great heteroge-
neity across countries. Countries experiencing particularly severe challenges 
are those in which fast population growth and urbanization are taking place 
in the absence of significant productivity growth and dynamism in either 
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agricultural or nonfarm sectors. This process, termed urbanization with-
out industrialization, has occurred in countries such as Angola, Equatorial 
Guinea, Zambia, and others where natural resource exports (for example, oil 
and mining products) are a main driver of growth but do not show strong 
linkages with rural areas. In these countries, growth has resulted in little or no 
poverty reduction (McMillan, Rodrick, and Verduzco 2014; Gollin, Jedwab, 
and Vollrath 2016; IFAD 2016).

Third, agricultural growth in Africa has been driven mainly by area 
expansion rather than productivity increases (Fuglie and Rada 2013). In addi-
tion, the intensification that has taken place has resulted in widespread land 
degradation and soil nutrient depletion (Drechsel et al. 2001; Barbier and 
Hochard 2012; Tittonell and Giller 2013). Sustainable output growth will 
result not from exhausting natural resources but from increased productivity, 
producing more per unit of land and labor. The limits of production growth 
based on land expansion will be reached quickly, given continued popula-
tion growth (Masters et al. 2013; Chamberlin, Jayne, and Headey 2014). 
Relatedly, Africa’s recent agricultural growth has been supported by a period 
of unprecedentedly high world commodity prices. Unlike in the past, how-
ever, actors all along the commodity value chains were able to respond to the 
relatively high post-2007 food prices, thanks to sectoral commodity mar-
ket reforms undertaken during the 1990s and early 2000s that cleared away 
major policy barriers to private investment in the agrifood systems of many 
African countries (Badiane, Benin, and Makombe 2016; Jayne, Chamberlin, 
and Benfica 2018).

How Important Is Agriculture Still?

A major emerging question about Africa’s unfolding economic transformation 
is about the role of agriculture. The decades-long stagnation or even decline of 
the agricultural sector has delayed structural transformation and undermined 
livelihoods across the continent. In nearly all countries, agriculture as a share 
of GDP has declined so rapidly that African economies entered the new mil-
lennium with markedly smaller agricultural sectors than would be expected 
based on their level of development (Figure 5.1). And countries where this 
stunting of the agricultural sector was the strongest also historically experi-
enced the highest rates of poverty (Figure 5.2).

As downstream agrifood systems and nonfarm employment grow rap-
idly in Africa, agriculture could be viewed as a declining sector and hence less 
crucial as a driver of continued economic transformation. As noted earlier, a 
growing proportion of young people are entering into off-farm and nonfarm 
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FIGURe 5.1 Actual versus expected agricultural sector GDP shares (2010–2018)

0
10
20
30
40
50
60
70
80
90

100

Eq
ua

to
ria

l G
ui

ne
a

Se
yc

he
lle

s
So

ut
h 

Af
ric

a
Bo

ts
w

an
a

M
au

rit
iu

s
Ga

bo
n

Re
p.

 o
f C

on
go

Le
so

th
o

Za
m

bi
a

Na
m

ib
ia

So
ut

h 
Su

da
n

An
go

la
Ca

bo
 V

er
de

Zi
m

ba
bw

e
Tu

ni
si

a
Es

w
at

in
i

Al
ge

ria
Sa

o 
To

m
e 

an
d 

Pr
in

ci
pe

Eg
yp

t
M

or
oc

co
Ca

m
er

oo
n

Se
ne

ga
l

Gu
in

ea
D

R 
Co

ng
o

Ni
ge

ria
Gh

an
a

M
au

rit
an

ia
Cô

te
 d

'Iv
oi

re
Be

ni
n

M
oz

am
bi

qu
e

Ga
m

bi
a

Ug
an

da
M

ad
ag

as
ca

r
Un

ite
d 

Re
p 

of
 T

an
za

ni
a

M
al

aw
i

Rw
an

da
To

go
Ke

ny
a

Su
da

n
Bu

rk
in

a 
Fa

so
Co

m
or

os
Bu

ru
nd

i
Ce

nt
ra

l A
fri

ca
n 

Re
pu

bl
ic

M
al

i
Et

hi
op

ia
Ni

ge
r

Li
be

ria
Gu

in
ea

-B
is

sa
u

Ch
ad

Si
er

ra
 L

eo
ne

Ag
ric

ul
tu

ra
l s

ha
re

 o
f G

DP
 (%

)

Actual
Expected

Source: authors’ calculations.
Note: expected agricultural sector gdp shares are calculated based on a random effects model of the relationship between 
gdp per capita and agricultural sector gdp share for a sample of 197 countries over the 1980–2018 period. for further 
methodological details, see Badiane (2011).

FIGURe 5.2 Agricultural sector underperformance and poverty levels
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employment activities, and the share of the labor force primarily engaged in 
farming has declined rapidly. In many countries, farming constitutes less than 
50 percent of the total labor force when computed in terms of full-time equiv-
alents (Yeboah and Jayne 2018). Secondary cities and towns have produced 
the most rapid employment growth in some countries and are thus likely to 
accelerate structural transformation (Christiaensen and Todo 2014).

However, the causal relationships between growth in agricultural produc-
tion, downstream value-chain segments, and nonfarm employment have yet 
to be clearly disentangled. The region’s impressive agricultural productivity 
growth since 2000 may have had a big hand in driving the growth of nonfarm 
and downstream agrifood systems in recent years. Yeboah and Jayne (2018) 
find for a set of African countries that those registering the greatest growth in 
agricultural productivity per worker in farming have also tended to experience 
the most rapid shifts in the labor force out of farming as well as faster labor 
productivity growth in nonfarm sectors. Countries with faster agricultural 
labor productivity growth have been observed to experience greater poverty 
reduction than countries with lower productivity growth (Figure 5.3). And 
Imai et al. (2017) find that agricultural growth remains strongly associated 

FIGURe 5.3 Agricultural transformation and rural poverty, 1991–2018
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with poverty reduction and that greater emphasis on promoting rural devel-
opment (both agricultural and nonagricultural) may still provide the most 
effective means of reducing poverty in most African settings. In addition, 
some evidence suggests that sectoral productivity differences may be exag-
gerated: Hicks et al. (2017) found, using data from Kenya, that a large part 
of observed productivity differences between the farm and nonfarm sectors 
were explained by differences in the education and ability of the individu-
als who chose to migrate out of agriculture. When individual fixed effects 
were controlled for, the estimated labor productivity gap decreased by around 
90 percent. Growth dynamics in Africa’s agricultural sector and their implica-
tions for development and poverty reduction are examined in greater depth in 
the next section.

A Review of Productivity Growth  
in Africa’s Agriculture
The 21st century is undeniably an unprecedented new era for Africa. Because 
of the disappointing growth performance in the 1980s and early 1990s, for 
many countries, the current levels of per capita GDP or per capita agricultural 
GDP/agricultural production are still below their historical peak in the 1960s 
or 1970s. Table 5.1 summarizes this situation. Among 44 African countries 
with GDP data available for the 1960s to 1980s, there are 29 countries for 
which the best performance of per capita GDP growth was in the early years, 
before growth faltered and per capita GDP fell in the late 1970s. A similar sit-
uation is also seen for agricultural growth performance, with more countries 
having a long growth-declining period in agriculture. Among these countries, 
some have fully recovered in the 21st century, with the new high in per capita 
GDP or agricultural GDP (AgGDP) per output in the 2000s above the peak 
level in the past. Column 7 of Table 5.1 lists the total number of such coun-
tries. In terms of gross production of agriculture, the number of countries that 
have yet to recover to their historical high in per capita agricultural output is 
still more than the countries that have recovered (Table 5.1).

Comparisons of Africa’s Agricultural Productivity

Against the background of the longer-term growth performance in Africa 
highlighted in Table 5.1, we compare agricultural productivity between the 
period of 1986–1989 and the period of 2010–2014. Following Hayami and 
Ruttan (1985), agricultural labor productivity is measured as agricultural 
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output per worker,6 while agricultural land productivity is output per hectare. 
There are significant differences in both labor and land productivity across 
African countries, as well as the difference between the two periods within 
a country. We want to assess whether such differences and change in land 
and labor productivity can be partially explained by the situation of agricul-
tural endowment proposed in the induced technical innovation hypothesis in 
Hayami and Ruttan (1985).

COMPARISONS IN LABOR AND LAND PRODUCTIVITY ACROSS COUNTRIES

Figure 5.3 reports labor and land productivity for 46 African countries 
in 1985–1989 and 2010–2014 and the land-labor ratio in the two peri-
ods. Significant variation exists across countries for both labor and land 

6 This section uses data from FAOSTAT on the number of agricultural workers to calculate agri-
cultural labor productivity. The FAOSTAT data have the advantage of covering a large number 
of countries over time, but they also present two major disadvantages. First, FAOSTAT esti-
mates of numbers of agricultural workers are often larger than those suggested by household 
survey data. Second, the data do not account for the fact, apparent from survey data, that rural 
people are devoting a declining share of their time to agriculture as engagement with rural non-
farm activities increases. Thus, even though the numbers of agricultural workers are rising, the 
actual labor time devoted to agriculture is not rising as quickly. The implication of the first issue 
is that labor productivity may be underestimated in this analysis; the implication of the second 
issue is that the growth of labor productivity over time is also likely to be underestimated.  

TAbLe 5.1 Number of African countries with peak levels of per capita GDP or per capita 
AgGDP/output in the past

Product/output 
(per capita)

Number of countries with  
maximum value in the past

No data 
in 1960s– 

1980s

No decline 
following 
1960s– 
1980s

Whether the new 
high created in the 

2000s was above the 
historical peak

1960s 1970s 1980s

Peak year 
in 1960s– 

1980s Yes No

(1) (2) (3) (4) (5) (6) (7) (8)

gdp 5 12 12 29 4 15 14 15

aggdp 8 11 7 26 11 11 7 19

ag output 21 19 1 41 2 5 17 24

Source: authors’ calculation using gdp, aggdp, and population data from World Bank (2017) and agricultural output data 
from fao (2017).
Note: gdp = gross domestic product; aggdp = agricultural gdp; ag output = gross production of agriculture. the numbers 
reported in the first three columns are the numbers of countries with maximum levels of per capita gdp or agricultural gdp/
agricultural output having occurred in the 1960s, 1970s, or 1980s respectively. the fourth column is the sum of the first 
three columns. the fifth column reports the number of countries with no data in the 1960s–1980s. the sixth column reports 
the number of countries that did not experience a decline in growth and in which the maximum levels of per capita gdp or 
agricultural gdp/agricultural output did not occur in the past.
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productivity in the past and at present. In Figure 5.4, South Africa and 
Mauritius stand out as the two countries with the highest labor productiv-
ity in the past and at present, and in Figure 5.4 Mauritius is the country with 
the highest land productivity both in the past and at present. A few coun-
tries at the bottoms of both figures changed over time, including Malawi, 
Mozambique, and Angola in Figure 5.4 and Angola, Sao Tome and Principe, 
and Equatorial Guinea in Figure 5.4, while the agricultural land and labor 
ratio seems to be relatively stable over time for most countries (Figure 5.4). In 
the late 1980s, Ethiopia had the lowest labor productivity (Figure 5.4), and 
Niger had the lowest land productivity (Figure 5.4) in Africa, while in the 
2010s, Ethiopia moved up the ladder slightly as shown in Figure 5.4, while 
Niger remained at the bottom in Figure 5.4. Moreover, the cross-country dif-
ferences are larger in labor productivity than in land productivity, and such 
differences are further widened in recent years. We use standard deviations 
(SD) to measure such differences. In the late 1980s, the SD in labor produc-
tivity is 1.6 times higher than the SD in land productivity, while the differ-
ence in SD between labor and land productivity increases to 2.7 times in 
recent years.

The association between the level of per capita income (measured by 
GDP per capita) and labor and land productivity is observed internationally. 
Table 5.2 shows that the correlation between GDP per capita and labor pro-
ductivity in Africa is stronger than the correlation between GDP per capita 
and land productivity in both periods, while the two correlation coefficients 
converge in the recent period. We also report the correlation between per cap-
ita GDP and the land-labor ratio, which seems to be stable over time.

COMPARISONS BETWEEN LABOR AND LAND PRODUCTIVITY WITHIN COUNTRIES

The difference between labor and land productivity within a country is asso-
ciated with the country’s land-labor ratio, which represents the pattern of agri-
cultural endowment in the country. Given that (Y/L) = (A/L) × (Y/A), where 
Y is agricultural output, L agricultural workers, and A agricultural land, when 
A/L ≥ (<)1, labor productivity is either higher than or equal to (lower than) 
land productivity. When the ratio of land to labor is greater than one, land is a 
relatively abundant endowment compared with agricultural labor, and hence, 
labor productivity is higher than land productivity. The ratio of land and 
labor (A/L) is shown in Figure 5.4.

However, the ratio of land and labor is not constant over time and is 
affected by both the expansion of agricultural areas through agricultural 
investment and increased employment opportunities outside agriculture. 

afriCa’s Unfolding agriCUltUral transformation 161



FIGURe 5.4 Agricultural land and labor productivity and land-labor ratios, 1985–1989 and 
2010–2014
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gaB = gabon; gha = ghana; gin = guinea; gmB = gambia; gnB = guinea-Bissau; gnQ = equatorial guinea; Ken = Kenya; 
lBr = liberia; lso = lesotho; mdg = madagascar; mli = mali; moZ = mozambique; mrt = mauritania; mUs = mauritius; 
mWi = malawi; nam = namibia; ner = niger; nga = nigeria; rWa = rwanda; sdn = sudan; sen = senegal; sle = sierra 
leone; som = somalia; stp = sao tome and principe; sWZ = eswatini; sYC = seychelles; tCd = Chad; tgo = togo; tZa 
= United rep of tanzania; Uga = Uganda; Zaf = south africa; ZmB = Zambia; ZWe = Zimbabwe. Values are the averages 
in the corresponding periods. the faostat agricultural output is measured as gross production of agriculture in constant 
2004–2006 international dollars. agricultural workers are economically active adults (15+) in agriculture reported by fao, 
while for some countries with employment data available in the ggdC dataset (timmer, de Vries, and de Vries 2015), they are 
the number of individuals employed in agriculture. agricultural land is compiled by fuglie (Usda-ers 2017) and is in rainfed 
cropland equivalents.
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Because of rapid urbanization that creates more jobs in urban areas outside 
agriculture, a decline in the share of agricultural employment can reverse 
the land-labor ratio from less than one to greater than one, as in Tanzania 
(Table 5.3).

Table 5.3 puts African countries into four groups. For the 22 countries 
in group one, labor productivity is consistently higher than land productiv-
ity during both periods (1985–1989 and 2010–2014). In group two, with 
16 countries, land productivity is consistently higher than labor productiv-
ity in both periods. Countries in group three had higher labor productivity 
than land productivity in 1985–1989, but land productivity becomes higher 
in 2010–2014. The reverse is true for countries in group four. There are fewer 
countries in groups three and four, indicating that the endowment ratio is rel-
atively stable for most African countries.

Table 5.3 also shows that there are more African countries with relatively 
abundant land as an agricultural endowment. However, apart from South 
Africa, which has land-labor ratios of 9.2 and 13.4 in the two periods, which is 
close to what the UK had in the 1960s, there are only 7 other countries with 
land-labor ratios greater than 2 in the two periods, a situation similar to the 
one in Asia.7 On the other hand, out of 26 European countries, there are 24 
with land-labor ratios higher than 2 and many countries with ratios similar to 
South Africa’s, and out of 31 American countries, there are 23 with land-labor 
ratios higher than 2 and many with ratios much higher than South Africa’s.

7 Land is measured as rainfed cropland equivalents, with higher weights for irrigated cropland 
than for permanent pastureland. Irrigated areas in Asia are three times those in Africa, while 
there is much more pastureland area in Africa than in Asia. This leads to higher measured 
land-labor ratios in many Asian countries and lower measured ratios in many African countries 
than actual land-labor ratios in these countries.

TAbLe 5.2 Correlation values of per capita GDP and labor 
and land productivity in agriculture

Indicator 1985–1989 2010–2014

labor productivity 0.450 0.430

land productivity 0.261 0.372

land-labor ratio 0.364 0.369

Source: authors’ calculations.

afriCa’s Unfolding agriCUltUral transformation 163



Changes in Agricultural Productivity over Time

The trends of labor and land productivity between 1985–1989 and 2010–
2014 across all African countries are presented in Figure 5.5. Both labor 
(along the x-axis) and land (y-axis) productivity are in log scale. The three 
diagonal dashed lines represent ratios of labor to land of 0.1, 1, and 100, 
with the middle line dividing countries into relatively land-abundant (above 
the middle line) and labor-abundant (below the middle line) groups. All 
22 countries in group one of Table 5.3 locate in the area below the middle 
dashed line, and the 16 countries in group two locate in the area above the 
middle line. Eight countries that are in groups three and four have crossed 
the middle line and switched from land (labor) abundant to labor (land) 
abundant over time.

According to the induced technical innovation hypothesis (Hayami and 
Ruttan’s hypothesis), countries with favorable land-labor ratios tend to have 
faster growth in labor productivity than land productivity as they adopt 
labor-saving technologies to take advantage of their relatively abundant land 
endowment. This implies that for the countries below the middle dashed line 
in Figure 5.5, trend lines are expected to be flatter than the diagonal dashed 
lines, while for the countries above the middle line, trend lines are expected 
to be steeper than the diagonal dashed lines. The productivity movements 
in Figure 5.5 are consistent with Hayami and Ruttan’s hypothesis for many 
countries but with quite a few exceptions. For example, Rwanda is a land-
scarce country locating above the middle dashed line, but the trend for its pro-
ductivity movement is flatter than the diagonal dashed line. The same is also 

TAbLe 5.3 Comparison between labor and land productivity, 1985–1989 and 2010–2014

Groups Countries

labor productivity > land productivity 
in both periods

Benin, Botswana, Burkina faso, Cabo Verde, Cameroon, Chad, 
Côte d'ivoire, eswatini, gabon, ghana, mali, mauritania, mauritius, 
mozambique, namibia, niger, nigeria, sao tome and principe, 
senegal, south africa, sudan, togo

labor productivity < land productivity 
in both periods

angola, Burundi, Central african republic, Comoros, democratic 
republic of Congo, republic of Congo, ethiopia, gambia, Kenya, 
liberia, madagascar, malawi, rwanda, seychelles, Uganda, Zambia

labor productivity > land productivity 
in period 1 and reversed in period 2

equatorial guinea, lesotho, somalia, Zimbabwe

labor productivity < land productivity 
in period 1 and reversed in period 2

guinea, guinea-Bissau, sierra leone, United republic of tanzania

Source: authors’ calculations.
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true for Ethiopia and Malawi. The high growth in agricultural labor produc-
tivity in these countries is partially driven by rapid structural change (Diao, 
McMillan, and Rodrik 2017). When more labor moves from agriculture with 
low productivity to nonagricultural sectors with higher productivity, struc-
tural change has enhanced economywide labor productivity growth. In this 
process, not only does the land-labor ratio rise, but also labor productivity in 
agriculture grows more rapidly than land productivity.

FIGURe 5.5 Agricultural labor and land productivity between 1985–1989 and 2010–2014 
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Note: for country names, see the note for figure 5.4. Both agricultural output per hectare and per worker are measured in 
purchasing power parity dollars ($ppp) (on a log scale). four countries with negative changes in both land and labor produc-
tivity are excluded from the figure. three are in group two and one in group three of table 5.3.

afriCa’s Unfolding agriCUltUral transformation 165



Process of Substitution of Labor and Land

Figure 5.6 is used to assess whether increases in land productivity are associ-
ated with use of a modern input—fertilizer. The trends of output per hectare 
(y-axis) and fertilizer per hectare (x-axis) between 1985–1989 and 2010–2014 
are presented in the figure. With Mauritius as an exception, the level of fer-
tilizer use per hectare is extremely low among most African countries in the 
initial period. While for some countries the trend lines in Figure 5.6 are rel-
atively flat, indicating that the pace of growth in fertilizer use is faster than 
land productivity growth, a steep trend is seen for many countries. In some 
countries, such as Zambia and South Africa, use of fertilizer per hectare even 
falls over time.

Measures of Total Factor Productivity

The productivity comparisons in the previous subsections are based on par-
tial factor (land or labor) measures of productivity. Total factor productivity 
(TFP) is measured by combining the effects of all the resources used in agri-
cultural production, which include not only labor and land, but also capital 
and other inputs. TFP measures critically depend on the calculation of capital 
stock and capital services, which are unobservable and arguably the most diffi-
cult production factors to measure. Moreover, when multiple factors are com-
bined to derive the residue that is not explained by any such factors, it requires 
an assumption on the production function, and shares of labor, land, and cap-
ital are also unobservable and have to be assumed. Keeping such limitations in 
measuring TFP in mind, the TFP measures used in this subsection come from 
USDA-ERS (2017).

USDA-ERS (2017) considers inputs of land, labor, machinery power, live-
stock capital, synthetic nitrogen-phosphorus-potassium (N-P-K) fertiliz-
ers, and animal feed, which are weighted by their cost shares. The cost shares 
are assumed to be constant and the same across countries in Africa. TFP 
growth is the difference between growth in agricultural output and growth 
in weighted inputs. We report growth rates for two periods, 1981–1990 
and 2001–2014, for which average TFP growth is available in USDA-ERS 
(2017). Figure 5.7 shows the annual growth rate of TFP in these two periods 
for the same countries we included in the previous analysis on partial pro-
ductivity growth. Countries with land-labor ratios greater than one in 2010–
2014 are represented by red dots, and the other countries are represented by 
blue triangles.
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The majority of countries locate in the upper right corner of Figure 5.7, 
implying that they have positive growth in TFP in both periods. However, 
for the 16 countries locating in the areas above the 45-degree line in this cor-
ner, TFP growth in the recent period (2001–2014) is higher than in the early 
period (1981–1990). There are 4 other countries that locate in the lower right 
corner of Figure 5.7, indicating that their TFP growth rate was positive in 
the past but turned negative in recent years. There are 5 countries with neg-
ative TFP growth in both periods, and they locate in the lower left corner of 
Figure 5.7.

FIGURe 5.6 Land productivity and fertilizer use per hectare of land between 1985–1989 and 
2010–2014
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Source: authors’ calculation using data from Usda-ers (2017).
Note: for country names, see the note for figure 5.4. fertilizer per hectare is measured in kilograms (in a log scale), and 
agricultural output per hectare is measured in purchasing power parity dollars (log scale). a negative log value of fertilizer 
use per hectare indicates that the absolute level of fertilizer use per hectare is less than 10 kilograms (in niger).
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Summary

While it should not be expected that TFP and partial productivity growth 
will be highly consistent, because they measure different things and utilize 
different data, we do see a similar pattern of productivity growth across coun-
tries. In general, more countries have positive and higher growth in both 
partial and total factor productivity in recent years than in the past. More 
countries have positive land productivity growth than labor productivity 

FIGURe 5.7 TFP growth rate in 1981–1990 versus 2001–2014 (annual percentage)
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growth. Land-labor ratios can partially explain the endowment situation of a 
country, and substitutions in land are generally consistent with the Hayami 
and Ruttan hypothesis. However, high labor productivity growth among 
some land-scarce countries is associated with growth-enhancing struc-
tural change through which labor moves out of agriculture into nonagricul-
tural sectors.

Agricultural Growth, Urbanization,  
and Nutrition Transition

Income Growth and Poverty Trends

Poverty reduction in Africa also accelerated with growth acceleration, par-
ticularly in the 21st century. However, with poverty rates in Africa being 
the highest of any world region, recent improvements have not been suf-
ficient to significantly reduce the absolute numbers of poor. In the mean-
time, Africa’s middle class is growing. The share of the middle class jumped 
to 34 percent of the population in 2010, from 26–27 percent in the 2000s, 
and numbers rose to 327 million people, an increase of 122 million over 
the preceding decade (AfDB 2011). The definition for middle class here is 
rather broad, including those with income at $2–$4 per day. This “float-
ing middle class” is still susceptible to falling back into poverty, and the pur-
chasing power of this group of vulnerable middle class people is still limited 
(Economist 2015).

Africa is one of the fastest-urbanizing regions of the world. The urban 
share of the continent’s population increased from 30.8 percent in 2000 to 
37.9 percent in 2015, an increase of more than 160 million people in 15 years 
(UNDESA 2014). Both cities and rural towns are growing, with secondary 
cities and towns of less than 1 million inhabitants among the fastest-growing 
urban areas (UNDESA 2015). This pattern of less-concentrated urbaniza-
tion may have implications for the inclusiveness of future growth; it has been 
argued that the expansion of the rural nonfarm economy and secondary cities 
has a greater effect on poverty reduction than growth concentrated in mega-
cities (Christiaensen and Todo 2014). The rapid rise of secondary and tertiary 
towns in Africa is improving market access for many rural farmers by extend-
ing the reach of value chains into areas formerly considered remote (Richards 
et al. 2016).
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Nutrition Transition

Dietary changes referred to as the nutrition transition have been widely 
observed in the developing world (Popkin, Adair, and Ng 2012). Africa is no 
exception. Numerous studies have documented different aspects of the nutri-
tion transition, showing declining shares of staples in food expenditures and 
higher shares for higher-value food, including processed and perishable food 
and animal-sourced foods. For example, analysis of household consumption 
data in Ethiopia from 2000 to 2011 showed that households increased their 
relative consumption of animal products, fruits and vegetables, and oils and 
sugars at the expense of cereals; however, processed cereals increased as a share 
of food expenditures even as the overall share of cereals declined (Hassen et 
al. 2016).

Many of these changes are associated with urbanization, which raises the 
demand for convenient, easy-to-prepare foods and food away from home 
(Hollinger and Staatz 2015). However, transformation is occurring across a 
broad range of consumers in Africa, in both rural and urban areas and among 
different income groups. Studies of dietary change in eastern and southern 
African countries have found that purchased and processed foods account 
for a large share of diets even among the poor; demand for processed and per-
ishable foods increases quickly as incomes rise in both urban and rural areas 
(Tschirley et al. 2015a).

Food balance sheets constructed by FAO provide estimates of food sup-
ply over time based on national data on production, trade, and other activities 
affecting food availability. The FAO data reveal that total food availability 
in Africa has increased significantly over time, from around 2,000 kilocal-
ories per person per day in the mid-1980s to nearly 2,500 kilocalories in the 
early 2010s (Figure 5.8, left axis). The availability of fat and protein similarly 
increased over the same period (Figure 5.8, right axis).

Implications for Nutrition Outcomes

Increasing food consumption and wider dietary diversity are expected to lead 
to better nutrition outcomes in Africa. The Global Hunger Index (GHI), 
which combines data on child mortality and undernourishment and popula-
tion undernourishment into a single indicator of hunger, improved markedly 
for Africa between 2000 and 2016, with several countries improving their 
GHI score by over 40 percent (Figure 5.9). However, levels of undernour-
ishment and child malnutrition are still unacceptably high in Africa. Over 
a third of children under five were stunted in 2016, while around 8 percent 
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were wasted (Table 5.4). Of the 24 countries with sufficient time series data, 
only 5 are considered on track to meet the World Health Assembly (WHA) 
target of reducing child stunting by 40 percent between 2012 and 2025; 
another 13 countries had made at least some progress. Countries perform 
somewhat better on addressing child wasting, with 11 African countries (of 
26 with sufficient data) on track to meet the WHA target of reducing wasting 
to under 5 percent (Development Initiatives 2017).

Despite increasing diversity in diets, micronutrient deficiencies remain 
widespread in Africa. An estimated 48 percent of preschool-age children suf-
fered from vitamin A deficiencies in 2013 (Development Initiatives 2017). 
Rates of anemia are estimated at 40 percent and 60 percent in women of 
reproductive age and children under five, respectively (Table 5.4). No African 
countries are considered to be on track to meet the WHA target of reducing 
anemia in women by half by 2025, while 23 countries have made some prog-
ress (Development Initiatives 2017).

Much progress remains to be made in improving infant and young child 
feeding practices in Africa. The minimum acceptable diet (MAD) indica-
tor for children under two years combines measures of dietary diversity and 
meal frequency; the 2017 Global Nutrition Report found that only 2 African 
countries (of 33 with available data) had shares of children benefiting from 

FIGURe 5.8 Supply of protein and fat (grams per capita per day) and total food supply 
(kilocalories per capita per day) in Africa
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the MAD of over 20 percent. In 9 countries, the share was under 10 percent 
(Development Initiatives 2017).

In addition to still worryingly high rates of undernourishment and child 
undernutrition, Africa increasingly suffers from a double burden of malnutri-
tion, with overnutrition coexisting with undernutrition. The World Health 
Organization estimates that adult overweight has increased over time in every 
African country. Rates of overweight are significantly higher for women, with 
the gap increasing over time (Figure 5.10). While the overall overweight rate 
of 28 percent in 2016 is lower than the world average of 39 percent, Africa’s 
rate is increasing faster than the global average as well.

FIGURe 5.9 Improvements in Global Hunger Index, 2000–2016
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Source: von grebmer et al. (2016).

TAbLe 5.4 Selected nutrition indicators for Africa, 1990–2016

1990 2000 2010 2016

Child stunting 49.2 43.2 37.5 34.1

Child wasting 7.8

Child underweight 30.3 25.3 20.8 18.5

Child overweight 4.8 4.4 4.1 3.9

Undernourishment 27.0 19.8 20.2*

Women’s anemia 51.1 45.7 40.1 38.9

Child anemia 75.9 71.3 63.7 59.9

Source: data from World Bank (2017).
Note: * Value is for 2015.
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Higher rates of adult overweight and obesity are associated with increased 
risk for nutrition-related noncommunicable diseases, including heart disease 
and diabetes. In 2014, an estimated 6.5 percent of adults in Africa had diabe-
tes or elevated blood glucose levels. The 2017 Global Nutrition Report classi-
fied every African country for which estimates were available as “off course” 
regarding progress in meeting the WHA 2025 targets of no increase in obesity 
and diabetes (Development Initiatives 2017).

Projected Growth and Diet Trends

The income and urbanization trends giving rise to the nutrition transition in 
Africa seem likely to continue into the medium term. Simulations based on 
current patterns of income and production growth suggest that the major-
ity of countries in Africa will achieve middle-income status by 2030 (Sulser 
et al. 2015). Rapid urbanization is also expected to continue in Africa, with 
the urban population share projected to increase from 37.9 percent in 2015 to 
54.8 percent by 2050 (UNDESA 2014).

Widespread dietary and nutrition transformation will also continue. 
Studies by Zhou and Staatz (2016) and Tschirley et al. (2015a) suggest 
that overall demand for higher-value foods will increase sharply. Projected 
increases in demand exceed increases in domestic supply for all products 
examined, particularly for meat and dairy products, followed by vegetable oil 
and fruits and vegetables (Zhou and Staatz 2016). Tschirley et al. (2015a) pro-
ject rising shares for perishable foods and for processed foods, particularly for 
high-value-added processed foods.

FIGURe 5.10 Prevalence of adult overweight, Africa south of the Sahara (%)
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Implications

The nutrition transition has broad implications for health. The increased 
availability of food is slowly reducing the most visible forms of undernutrition, 
but micronutrient deficiencies persist and problems of overnutrition are on 
the rise. Animal-sourced foods provide protein and micronutrients that can 
improve children’s nutritional status, but consumption of larger quantities of 
meat is associated with an increased risk of chronic health issues (IFPRI 2015). 
As the nutrition transition continues, the burden of nutrition-related noncom-
municable diseases is likely to increase, making more pronounced the multiple 
burdens of malnutrition faced by African countries.

African leaders have increasingly recognized the importance of concerted 
efforts to improve nutrition. The 2014 Malabo Declaration on Accelerated 
Agricultural Growth and Transformation for Shared Prosperity and Improved 
Livelihoods included a commitment to ending hunger by 2025; recent work 
by African governments to design new National Agricultural Investment 
Plans is taking nutrition into account to a much greater extent than previously. 
The Malabo Montpellier Panel’s 2017 report on nutrition in Africa finds that 
countries that achieved impressive improvements in nutrition were able to 
make policy innovations in several areas. These include positioning nutrition 
as a top priority for public policy; building partnerships with the private sec-
tor, development partners, and national research institutions; mainstreaming 
nutrition into strategies and actions across sectors; mitigating threats asso-
ciated with conflict and extreme weather and building resilience to crises; 
improving regulation and controls of food systems to promote production of 
safe and healthy foods; enhancing national agricultural and nutrition research 
systems; strengthening nutrition education to promote healthy food consump-
tion; building women’s leadership capacities; improving national data systems 
to better track nutrition outcomes; capitalizing on synergies between agricul-
ture, water, sanitation, and health; and prioritizing the emerging issue of obe-
sity. Scaling up these practices could bring significant progress in improving 
nutrition in Africa (Malabo Montpellier Panel 2017).

Drivers of Agricultural Transformation  
and Innovation
The changes in agricultural productivity and food demand described above 
are manifestations of the agricultural and structural transformation currently 
underway in Africa. The structural transformation process is unfolding at 
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different paces across African countries. We see signs of rapid economic trans-
formation in parts of Ghana, Ethiopia, and Rwanda, featuring a rise in the 
workforce engaged in nonfarm sectors, major self-investments by households 
in youth education and skill training, and a rapid reduction in poverty rates 
(McMillan and Harttgen 2014). Other countries have made variable progress. 
This section will examine the dynamics underlying the agricultural transfor-
mation in greater detail by highlighting four major trends: (1) greater vibrancy 
of agricultural factor markets; (2) the rise of commercialized African inves-
tor farmers; (3) major new investment in agricultural value chains by African 
entrepreneurs, leading to profound agrifood systems transformation; and (4) 
increasing linkages between science and policymaking to support the use of 
evidence in policy innovation.

Greater Participation and Vibrancy in Agricultural  
Factor Markets

Markets for land, labor, agricultural inputs (chemicals, fertilizers), and mech-
anization are rising rapidly in much of Africa. As land values rise, land rental 
markets are growing in importance (Holden, Otsuka, Place 2009). The 
research evidence generally finds that land markets are positive develop-
ments—they shift land from less productive to more productive users and 
support overall agricultural productivity growth (Holden, Otsuka, and Place 
2009; Jin and Jayne 2013; Chamberlin and Ricker-Gilbert 2016; Deininger, 
Savastano, and Xia 2017).

There is also growing evidence of rising land rental values in areas of agri-
cultural commercialization with favorable access to markets. Table 5.5 pro-
vides illustrative examples of a broader trend over the past decade in parts of 
Africa: that land prices have risen dramatically in areas of high agroecolog-
ical potential within reasonable proximity of urban areas (Jayne et al. 2016; 
Wineman and Jayne 2018). These trends have created new stresses on the 
ability of customary tenure systems to protect small-scale farmers’ land from 
encroachment or appropriation. The region has experienced rising demand 
for agricultural land by both international and national companies (Deininger 
and Byerlee 2011), as well as urban investor farmers (Sitko and Jayne 2014; 
Jayne et al. 2016).

Other agricultural factor markets are also increasing in importance in 
Africa. Despite conventional wisdom suggesting thin or absent agricultural 
labor markets, nationally representative data collected in 2008–2011 from 
Ethiopia, Niger, Malawi, Tanzania, and Uganda show that a significant 
share of farm households in each country hired labor to help with preharvest 
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agricultural work, ranging from 30 percent in Ethiopia and Tanzania to 
49 percent in Niger (Dillon and Barrett 2017). Increasingly active rural labor 
markets are also evident from the great rise of rural–rural migration, which 
has now become more important than rural-to-urban migration in many 
African countries (Mercandalli and Losch 2017).

The circumstances affecting the development of land and labor markets 
also impact markets for other factors of production. As land-labor ratios 
change due to the expansion of agricultural area or shifts of labor to other sec-
tors, the relative costs of factors of production change and different land- or 
labor-saving technologies become profitable, giving rise to growing markets. 
In particular, labor-saving and capital-using technologies are becoming more 
important in areas affected by labor shortages due to low population den-
sity or the migration of workers to opportunities in other sectors (Jayne et al. 
2019). Such technologies, including fertilizers, agrochemicals, and mechaniza-
tion, are clearly becoming more prevalent in many areas. Sheahan and Barrett 
(2017) show that 35 percent of farming households in Ethiopia, Niger, Nigeria, 
Malawi, Tanzania, and Uganda apply inorganic fertilizer, with application 

TAbLe 5.5 Land rental rates and purchase values

Country Year

Land rental rates Land purchase values

Market access conditions Market access conditions

Remote Near Total Remote Near Total

tanzania 2008/2009 96 104 100 89 132 100

2014/2015 137 155 146 148 227 179

malawi 2010/2011 91 115 100 74 172 100

2016/2017 162 199 190 137 522 334

Zambia 2011/2012 97 110 100 — — —

2014/2015 127 113 123 — — —

nigeria 2012/2013 62 112 100 64 136 100

2018/2019 148 195 163 140 202 195

Source: land rental and purchase prices for tanzania, malawi, and nigeria come from household respondents in World Bank 
lsms/isa national survey data; in Zambia, the data are from the nationally representative rural agricultural livelihoods 
survey conducted by the indaba agricultural policy research institute.
Notes: — = data not available. reported prices are means within the 20th and 80th percentiles of the data. prices are 
deflated by national consumer price indices published by the national statistical offices of each country and then reported as 
indices with 100 being the national mean in the first survey year. for example, land rental rates for the full sample of rural 
households in tanzania were 46 percent higher in real terms in 2014/2015 than for the full sample in 2008/2009. market 
access conditions were based on distance or travel time to urban areas of 100,000 or more people. real land rental rates 
in rural tanzania near urban areas were 55 percent higher than the national mean in 2008/2009. rental rates and purchase 
values in tanzania, malawi, and nigeria are the subjective views of plot operators and not necessarily based on actual 
transactions. 
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rates per hectare significantly higher than previous estimates. In addition, 
16 percent of households use other agrochemicals such as pesticides and her-
bicides during the main growing season, a significant increase over use rates 
before 2000 (FAO 2019).

The development of agricultural equipment markets remains impeded by 
constraints related to importing or manufacturing equipment. However, some 
countries have experienced more dynamic growth in mechanization, often 
by emphasizing equipment rental or service hiring markets, as in Ethiopia 
and Malawi, and by carrying out interventions to increase mechanization 
in the form of public-private partnerships (Malabo Montpellier Panel 2018). 
Mechanization appears to be rising especially rapidly in areas experiencing 
robust economic growth and out-migration of labor (Jayne et al. 2019).

The existence of factor markets and their functioning at higher levels than 
previously believed are positive developments. However, input use intensity 
in Africa still lags behind most other regions (Sheahan and Barrett 2017). 
Evidence suggests that factor markets often function poorly due to high trans-
action cost, weak information flows, and in some cases, government behavior. 
For example, Dillon and Barrett (2017) provide evidence of multiple factor 
market failures in their five countries of analysis. Other sources of continued 
slow increases in technical innovation are due to chronically underfunded and 
poorly performing national agricultural science and extension systems (World 
Bank 2011). Removing constraints to technology adoption and market perfor-
mance is a priority in efforts to advance agricultural transformation.

The Rise of Commercialized African Investor Farmers8

The development of land rental markets described above has paved the way 
for major changes in farm size distributions. The most salient development is 
rapid growth of an entrepreneurial, educated, and relatively capitalized class of 
African investor farmers.

Medium-scale farms of 5 to 100 hectares account for around 20 percent 
of total farmland in Kenya, over 40 percent in Tanzania, over 50 percent in 
Ghana, and over 60 percent in Zambia (Table 5.6). Many owners of medium- 
scale farms are urban professionals or well-connected rural residents; around 
half purchased farmland later in life, using income from nonfarm sources. 
A greater share of savings in urban areas is being reinvested in farming 
and agribusiness.

8 This section draws on Jayne et al. 2016.
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The change in farm size distributions is likely to have complicated effects 
that are difficult to generalize. Larger and more commercialized farms bene-
fit from economies of scale related to skills, technology, and learning; finance 
and access to capital; and marketing, logistics, and storage (Collier and 
Dercon 2014). Rising numbers of medium-size farms may thus facilitate tech-
nology adoption, accelerate productivity growth, and ultimately catalyze agri-
cultural transformation. However, their short- and medium-term effects on 
welfare in the rural sector are unknown. They may help to link smallhold-
ers to commercial opportunities, but they may also aggravate land scarcity 
in densely populated areas. Investor farmers often have outsize influence in 
farm lobbies and, in turn, on agricultural policy; while strong agricultural lob-
bies may have positive effects on macroeconomic management in resource- 
dependent economies (Gelb and Grasmann 2010), their effects on overall 
rural development are yet to be explored. Data from nationally representative 
Demographic and Health Surveys in six countries (Ghana, Kenya, Malawi, 

TAbLe 5.6 Changes in farm structure in Ghana (1992–2005), Tanzania (2008–2012), Zambia 
(2008–2014), and Kenya (1994–2006) based on official national survey data

Farm size category 
(hectares)

Percentage of total operated land on farms 
between 0–100 hectares

Percentage growth in 
number of farms between 

initial and latest year

Ghana 1992 2005

0–5 60.7 48.9 37.1

5–100 39.3 51.1 194.3

Total 100.0 100.0 49.5

Tanzania 2008 2012

0–5  62.4  56.3 12.8

5–100 37.6 43.7 37.2

Total 100.0 100.0 14.5

Zambia 2008 2014

0–5 54.1 38.8   15.9

5–100 45.9 61.2 148.7

Total 100.0 100.0 227.2

Kenya 1994 2006

0–5 61.5 72.0 34.0

>5 38.5 28.0 −80.2

Total 100.0 100.0 25.2

Source: Jayne et al. (2016). reproduced by permission of the publisher; this table is not covered by the CC By 4.0 license.
Note: data for Zambia shown in the two middle columns are for land owned; ghana, Kenya, and tanzania are for operated 
farm size.
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Rwanda, Tanzania, and Zambia) suggest that between 10 and 35 percent of 
agricultural land is owned by urban households; in countries with multiple 
survey years, this share has risen over time (Jayne et al. 2016).9

Agrifood System Transformation: Inclusive and Driven  
by Local African entrepreneurs

The changes in income, urbanization, and food consumption described ear-
lier have significant implications for agrifood systems in Africa. Rising food 
expenditures have increased the volume of food being handled by African 
value chains, in particular for the midstream and downstream segments of 
food value chains (Reardon et al. 2015). Value chains are expanding to serve 
rapidly growing cities, and artisanal, micro, and small enterprises process-
ing domestic crops have expanded significantly in the past several decades 
(Hollinger and Staatz 2015; AGRA 2019).

Higher food basket shares for processed food are reflected in increased 
imports of processed products, but also in the growing importance of various 
processed ready-to-cook or ready-to-eat traditional staples. Retail inventories 
carried out in Mali (Thériault et al. 2017), Ghana (Andam et al. 2015), and 
Tanzania (Snyder et al. 2015) demonstrate the enormous variety of domesti-
cally processed food products that have appeared in African countries. Around 
one-quarter of the processed products inventoried in Mali and Ghana were 
locally produced; in Tanzania, domestically produced products accounted for 
the majority of processed products inventoried. Locally produced products 
were strongly represented among grain products and traditional dairy products 
in Mali; products based on starchy root crops (for example, fufu flour, gari) 
in Ghana; and milled grain products in Tanzania, with over 60 Tanzanian 
brands of maize flour identified in Dar es Salaam alone. The retail invento-
ries do not examine the spending or consumption shares of locally produced 
products, but they do provide initial evidence that dietary shifts are changing 
domestic value chains and giving rise to new products.

Agrifood system changes raise many questions about the implications for 
agriculture, nutrition, and overall economic growth in Africa. To meet ris-
ing demand for higher-value foods, productivity increases are urgently needed 
both on-farm and in downstream value-chain segments. The emerging pro-
cessing sector provides great opportunities for job creation in processing, 

9 Medium-scale farm holdings in the four countries studied by Jayne et al. (2016) were found 
to utilize a lower percentage of their landholdings than small-scale farms, and the share of 
medium- scale farms in national agricultural production was therefore somewhat lower than 
the share of medium-scale farms in total agricultural land.
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distribution, packaging, and marketing, as well as increased incomes for farm-
ers. However, the small and medium-enterprises (SMEs) undertaking these 
new activities face significant challenges. Rising numbers of firms combined 
with low levels of innovation will lead to a situation with an abundance of 
small firms with persistently low productivity and profitability and limited 
ability to drive agricultural transformation (Badiane and Ulimwengu 2017).

Strengthening the links between producers and processors is an impor-
tant intervention to facilitate firm growth as well as benefit smallholders. One 
means of connecting producers with midstream processors is contract farming, 
an arrangement in which processing firms, most commonly medium or large 
enterprises, sign contracts with smallholders to buy farm outputs at specified 
prices. Contract farming has been welcomed as having the potential to alle-
viate farmers’ constraints related to the lack of information and capital and 
the presence of risk (Minot and Sawyer 2016). Although many studies have 
identified positive effects on farmer incomes, nearly all research on contract 
farming is observational and suffers from selection bias: since farmers and pro-
cessors self-select into contract farming, any differences between participants 
and nonparticipants may be driven by the same factors that determined their 
participation (Bellemare and Bloem 2018). However, experimental findings 
from Arouna, Michler, and Lokossou (2019) suggest that contracts produced 
positive effects on farmer welfare when participants were randomly selected 
into a contract farming arrangement in Benin.

SMEs have by far the largest role in African agrifood systems and will for 
many years. Most African value chains are benefiting from local SME invest-
ment by African entrepreneurs, resulting in a competitive and inclusive situ-
ation for most agricultural commodity value chains. Smallholder farmers are 
the main source of supply for SMEs. Therefore, strengthening the ability of 
SMEs to innovate in terms of product quality and business practices, increase 
their scale of operation and profitability, and compete in output markets is 
central to strengthening smallholder farmer links to agribusiness.

evidence-based Policymaking and Links  
between Science and Policy

Despite the importance of technological innovations, perhaps nothing affects 
African farmers more than the policy environment they operate within, which 
affects both the generation of technological innovations and the farmers’ 
incentives to adopt them. Much of the agricultural stagnation and decline 
of the 1970s and 1980s can be attributed to policy bias against agriculture, 
which showed abrupt shifts in focus, at times inflicting genuine harm upon 
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agriculture sectors in an effort to protect industry (Badiane and Makombe 
2014). In many countries, agriculture was neglected, taxed heavily, or tightly 
regulated, or all of these, such that farmers were barred from selling their out-
put to buyers and at prices of their own choosing. During much of this time, 
agricultural policymaking was completely delinked from scientific evidence, 
with policies dictated by still-forming development theory and uninformed by 
empirical knowledge of outcomes.

The broadness of the current recovery owes much to policy reforms that 
improved the agriculture sector and macroeconomic management and gave 
greater freedom to the private sector. The situation has changed markedly 
since the years of agricultural and economic decline in the 1970s and 1980s: 
the growth recovery has afforded greater fiscal space to governments, and 
political systems are more responsive. These are important and welcome devel-
opments, but coupled with a new generation of leaders and limited institu-
tional memory, they pose the risk of policy reversal. The increasing use of 
costly input subsidies, export bans, price controls, and public agricultural 
agencies could all signal the beginnings of a return to the failed policies of 
the past.

The best guard against bad policymaking is the use of locally relevant evi-
dence in policy formulation, as well as the establishment of robust systems for 
review, monitoring and evaluation, and consultation and dialogue. The devel-
opment of mechanisms for evidence-based policy formulation and review, as 
well as their increasing use, is itself one of the most important innovations of 
the past two decades affecting the prospects of Africa’s agriculture sector. In 
2003 the African Union launched the Comprehensive Africa Agriculture 
Development Programme (CAADP) as the continent-wide framework for 
agriculture-led growth and development. African leaders committed to a set 
of key CAADP principles and values, including African ownership and lead-
ership; inclusivity of different stakeholder groups; evidence-based policy plan-
ning, implementation, and review; and mutual accountability for actions and 
results. Key CAADP mutual accountability platforms include agricultural 
Joint Sector Reviews at the national and regional levels, which bring together 
state and nonstate actors for annual reviews of agricultural commitments and 
outcomes, and the Biennial Review (BR), a continent-wide review of progress 
against CAADP agricultural transformation goals. The first BR was carried 
out in January 2018, with 47 of 55 African Union member states participating 
and sharing data on national-level progress.

The emphasis of CAADP on evidence-based policymaking and careful 
review of outcomes has created stronger demand for data and analysis and 
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new incentives to better link science with policy. Institutions including the 
Regional Strategic Analysis and Knowledge Support System (ReSAKSS) 
are building connections between ministries of agriculture and local uni-
versities and think tanks capable of carrying out research to guide govern-
ments’ actions. Greater use of evidence has enabled agricultural stakeholders 
to make a successful case for increased agricultural investment. Figure 5.11 
shows poverty, hunger, agricultural expenditure, and agricultural growth out-
comes in CAADP-0 countries—those that have not begun implementation of 
CAADP—and in CAADP-4 countries—those that are most advanced in the 
implementation process. The CAADP-4 group has had more success in main-
taining agricultural expenditures and has seen faster agricultural growth and 
hunger reduction and slightly faster progress in reducing poverty. A detailed 

FIGURe 5.11 Selected performance and outcome indicators by CAADP implementation 
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impact analysis of CAADP by Benin (2018) found that CAADP implemen-
tation had enabled countries to raise government agricultural expenditure, 
receive higher levels of agricultural development aid, and increase land and 
labor productivity compared with countries that were less advanced in the 
implementation process.

A Hidden “Spoiler”—What Could Arrest Progress if Not 
Adequately Addressed: Land Degradation

Since the 1960s, agricultural production growth in Africa south of the Sahara 
(SSA) has occurred primarily through area expansion. Yield growth con-
tributed less than 20 percent of SSA’s total agricultual production growth 
between 2000 and 2008 (Fuglie and Rada 2013). But rising population 

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

0

5,000

10,000

15,000

20,000

25,000

30,000

35,000

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

20
06

20
08

20
10

20
12

20
14

20
16

20
18

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

2 0
04

20
06

20
08

20
10

20
12

20
14

20
16

20
18

CAADP 0: no compact
CAADP 4: compact, NAIP, and > 1 source of external funding

Agricultural public expenditure share (%)

CAADP 0: no compact
CAADP 4: compact, NAIP, and > 1 source of external funding

Agriculture value-added (constant 2010 US$, million)

Source: resaKss (2019).
Note: Caadp = Comprehensive africa agriculture development programme; naip = national agriculture investment plan; 
ppp = purchasing power parity.

afriCa’s Unfolding agriCUltUral transformation 183



densities in many parts of Africa are making continued reliance on area 
expansion untenable for millions of African farmers. The land frontier has 
already been reached in many smallholder areas, causing farms to become sub-
divided, fragmented, and increasingly small. Smallholders have responded 
to shrinking farm sizes by more continuously cropping their fields every year, 
mainly growing their priority staple foods. Fallows have largely disappeared 
in densely populated areas, and for the overall SSA region, fallowed land as a 
proportion of total farmland has declined steadily from 40 percent in 1960 to 
15 percent in 2011 (Fuglie and Rada 2013). It will be harder to sustain produc-
tion growth on existing smallholder farms through area expansion, putting 
more pressure on African farming systems to raise yields and the value of farm 
output per hectare and per labor unit.

The challenge of achieving sustainable yield growth in SSA in the context 
of rising land scarcity is complicated by mounting evidence of yield-depressing 
soil degradation arising from unsustainable intensification in SSA’s densely 
populated areas (Stoorvogel and Smaling 1990; Drechsel et al. 2001; Barbier 
and Hochard 2012; Tittonell and Giller 2013; Montpellier Panel 2014). 
Continuous cultivation of existing plots would not pose problems for sustain-
able intensification if farmers were able to maintain or improve soil quality 
over time through sufficient use of fertilizers, soil amendment practices, and 
other land-augmenting investments. However, there is growing evidence of a 
significant relationship between population pressure, reduced fallow periods, 
and land degradation, pointing to an unsustainable dynamic between pop-
ulation, agriculture, and the natural resource base (Drechsel et al. 2001; Lal 
2011). Losses of soil organic matter and acidification pose special problems, 
because they cannot be ameliorated by the application of conventional fertil-
izers and because they tend to depress the efficiency of inorganic fertilizer in 
contributing to crop output. Smallholder farmers are often unable to bene-
fit from the current yield gains offered by plant genetic improvement, due to 
their farming on depleted soils that do not respond well to fertilizer applica-
tion (Tittonell and Giller 2013). Given UN projections that rural SSA will 
contain 52 percent more people in 2050 than it did in 2017, the challenge 
of helping millions of African smallholders to raise the productivity of their 
existing farmland in sustainable ways is an urgent priority.

Conclusions
Africa is now on the move. Agricultural productivity has shown a strong recov-
ery from the stagnation of previous decades. Per capita incomes have nearly 
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doubled since the 1990s. Poverty rates have declined significantly since 2000. 
Nutritional indicators are improving in most countries. The share of the labor 
force engaged in small-scale farming has declined substantially. Today, farm-
ing accounts for 40 to 65 percent of primary employment in Africa’s working- 
age population, down from 70 to 80 percent just 10 years ago. The share of the 
workforce engaged in farming has declined most rapidly in countries enjoy-
ing the highest rates of agricultural productivity growth. These developments 
point to unmistakable economic transformation. SSA’s agricultural system has 
been an important driver of the region’s transformation, having experienced 
the most rapid agricultural growth of any region in the world.

Over the last decade, African governments have brought agriculture back 
to the top of their development agenda and are investing an increased propor-
tion of their budgets from a growing national revenue base. The private sector 
is increasingly investing in agriculture, and the foundations have been laid for 
long-run dynamism in Africa’s agrifood systems, powered by the enormous 
progress increasingly evident in farmers who have more options in the seeds 
they plant, the fertilizers they use, and the markets seeking to purchase their 
produce. So far, this is just a glimpse of success, and it is still largely a fragile 
success dependent on more decisive support from many African governments. 
But it offers an inspiring vision of a future Africa in which farming as a strug-
gle to survive gives way to farming as a business that thrives.

However, despite the unprecedented decade of impressive growth across 
the continent, much more remains to be done to sustain these gains and truly 
drive the agricultural transformation needed for Africa’s development and to 
ensure a better life for all its people as laid out in the Malabo Declaration and 
the Sustainable Development Goals. Africa is still facing tremendous chal-
lenges. The continent is the world’s most food-insecure continent, with rela-
tively low levels of agricultural productivity, low rural incomes, high rates of 
malnutrition, and a worsening food trade balance. It is a region challenged 
by climate change, the daunting prevalence of poverty, and an urgent need 
for jobs. In many countries, agriculture remains the predominant sector of 
the economy, accounting on average for 25 percent of the GDP in SSA and 
well above this level for many countries. The sector makes up close to half 
the GDP, on average, considering the broader agribusiness sector—including 
input supply, processing, and market access. Therefore, stronger agricultural 
growth can act as a powerful multiplier for economic growth.

The good news is that a vibrant agricultural sector, while not the solu-
tion to all of these problems, will clearly promote food security and economic 
opportunities for all Africans.
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DUALITY, URBANIZATION, AND MODERNIZATION 
OF AGRIFOOD SYSTEMS IN LATIN AMERICA  

AND THE CARIBBEAN

Eugenio Díaz-Bonilla and Ruben G. Echeverría

The agriculture sector in Latin America and the Caribbean (LAC) is cer-
tainly not homogeneous, covering a variety of very different agroecological 
and climate zones, along a south-north axis.1 There are three large agricul-
tural producers: Brazil (close to 48 percent of total agricultural production in 
the region on average during the 2010s), Argentina (almost 14 percent), and 
Mexico (about 12 percent), along with several intermediate and small produc-
ers, which, added together, have as much agricultural production as Argentina 
and Mexico combined. 

Within that diversity, it is possible to identify three broad agricultural situ-
ations, a product of geography and climate, the historical occupation of space 
during the period of discovery and settlement of the Americas, and the dif-
ferent cycles of integration in global markets. A first group (exemplified by 
Brazil) was based on tropical agriculture for exports, which started with sugar 
produced in large plantations with slave labor in the 1600s and then expanded 
to other crops such as coffee, cocoa, tobacco, and bananas, eventually moving 
to salaried work in modern times. 

A second group (which includes Mexico and Peru) was based on local sta-
ple crops (such as corn and potatoes) and livestock production oriented to 
local markets in economies dominated by mineral production for exports 
(gold and silver originally, but later other products such as copper, tin, and oil). 
In this second group, during colonial times land was also occupied in large 
productive units that used indentured labor from indigenous communities, 

1 Latin America and the Caribbean comprises 33 nations according to the United Nations. Listed 
in alphabetical order they are Antigua and Barbuda, Argentina, Bahamas, Barbados, Belize, 
Bolivia, Brazil, Chile, Colombia, Costa Rica, Cuba, Dominica, Dominican Republic, Ecuador, 
El Salvador, Grenada, Guatemala, Guyana, Haiti, Honduras, Jamaica, Mexico, Nicaragua, 
Panama, Paraguay, Peru, Saint Kitts and Nevis, Saint Lucia, Saint Vincent and the Grenadines, 
Suriname, Trinidad and Tobago, Uruguay, and Venezuela. The region also has 15 territories 
that are dependencies of other countries, of which Puerto Rico is the largest. Here we refer to 
the 33 nations.
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who were allowed to produce for self-consumption in smaller plots. Over time, 
these large units also moved toward more commercial operations based on sal-
aried work. 

The third group has been the temperate-climate agriculture on the south-
ern plains of South America (basically Argentina and Uruguay). Lacking 
minerals and the possibility of producing highly priced tropical products, 
these regions attracted far less migration during colonial times. Agricultural 
activities started with extensive livestock production in large production 
units (given the low population density), which, following changes in world 
demand, eventually evolved to grain production and more specialized live-
stock activities toward the end of the 19th century and beginning of the 20th 
century. But by then, the land had already been occupied in large tracts, and 
landowners started to rent the land to sharecroppers for agriculture. 

In the end, all three types of agriculture generated a dichotomy between 
a small number of large establishments (“latifundios”) and a large number of 
small ones (“minifundios”), the traditional LAC dual agrarian structure.2 

Another characteristic of agriculture in LAC is that since the region got 
integrated into world markets during colonial times, the evolution of the 
global economy determined to a large extent the performance of the agricul-
ture sector. This has obviously been the case for countries with agriculture 
sectors oriented to export markets since colonial times, where the cycles of 
demand for and supply of their products in the world economy shaped the 
overall functioning of the countries’ economies. But also in the case of those 
countries whose economies were based on exports of mineral products and 
oil, their agriculture sector was heavily influenced by global developments in 
those other primary products through their impacts on exchange rates and 
international trade, public revenues and expenditures, and the influence on 
the evolution of aggregate domestic demand. 

With those two characteristics in mind (inequality in land structures and 
the strong influence of global markets), this chapter will look at the evolution 
of the agrifood system and related policies in LAC during the last decades.

2 The unequal agrarian structures in all three types of agricultural groups (very different from 
the more egalitarian occupation of land by family farms in the United States and Canada) have 
affected, although to different degrees depending on the countries, the development of both 
democracy and broad-based domestic markets (Engerman and Sokoloff 2002). 
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Changing Roles of Agriculture 
The role of the agricultural sector and related policies must be considered in 
the context of the whole economy, with four levels of analysis: farmers (sup-
ply side), the performance of the whole economy and opportunities for trade 
(demand side), the links between supply and demand through value chains, 
and the geographical setting where those activities take place. From a geo-
graphical point of view, farmers are part of a rural and regional economy. 
From an economic point of view, they are part of agricultural value chains. 
These levels are embedded in the general economy, which determines the over-
all governance and policy setting, as well as the final demand for agricultural 
products in both domestic and external markets (Díaz-Bonilla 2015). 

In LAC, as in other developing countries, a key policy issue has been the 
balance between the agriculture sector vis-à-vis other productive sectors 
in their economic strategies. A related aspect has been how LAC policies 
approached the traditional food policy dilemma of trying to maintain high 
prices for agricultural producers or keeping them low for consumers, with 
its impact also on the economic and social balance between rural areas and 
urban centers.

Another policy dilemma in LAC, resulting from its unequal agrarian 
structure, has been whether to pursue growth and production prioritizing 
larger agricultural units or to emphasize poverty reduction and food security 
with a focus on small farmers.3 As briefly discussed immediately, there have 
been different policy approaches to the triple dichotomy (agriculture versus 
other sectors, rural versus urban, and large versus small producers). 

After World War II many countries in LAC followed policies that con-
sidered the role of agriculture to be subordinate to the needs of industrializa-
tion and of the urban population, in what was called the “import substitution 
industrialization” (ISI) strategy. Economic arguments in favor of industrial-
ization included the idea of declining terms of trade of countries exporting 
agricultural products (or primary products, in general) compared with those 
exporting industrial goods (Singer 1950; Prebisch 1950, 1968). 

Within the context of the ISI strategy, agricultural policies were based 
mostly on the use of administered prices at different stages of the market 
chain, the existence of public and parastatal enterprises operating in prod-
uct and input markets, and the establishment of public agricultural banks to 

3 There are several studies arguing the positive impacts of an agrarian structure based on fam-
ily farms on the emergence of democratic governance and on the formation of larger domestic 
markets that support the development of industry and other activities (Engerman and Sokoloff 
2002). 
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supply subsidized credit. By and large those policies tried to support “modern,” 
large producers. The policies followed included the technological component 
embedded in the Green Revolution, which led to the creation of the national 
agricultural research institutes and extension services starting in the late 
1950s. The challenge of poverty in rural areas was mainly addressed through 
community development and land or agrarian reform.

The economic crises of the 1980s led to a change of strategy in LAC, in 
line with different studies that argued that ISI was economically inefficient 
and led to high inflation and macroeconomic crises (Little, Scitovsky, and 
Scott 1970; Balassa 1971). Also, ISI was criticized because it discriminated 
against agriculture and negatively affected employment, income distribution, 
and poverty. Agricultural sectoral policies were negatively evaluated as well for 
what was considered a maze of inefficient and at times contradictory interven-
tions, subsidies, and public enterprises operating on input and output markets. 

During the 1980s and 1990s, there was a change in macroeconomic, trade, 
and sectoral policies in LAC that led to the reduction or elimination of indus-
trial protection and of the overvaluation of the exchange rate, along with the 
phasing out of export taxes on agriculture and a substantial revamping and 
scaling down of government’s involvement in agricultural markets (World 
Bank 1986). The idea was that given that incentives would shift in favor of 
agriculture with the change in the general macroeconomic and trade frame-
work, then all those other sectoral public interventions trying to compensate 
the previous negative bias were not necessary. The poor, particularly in rural 
areas, were supposed to benefit from more sustainable growth once the capital- 
intensive and antiagricultural development strategy was corrected. 

However, while price distortions were reduced or eliminated during the 
1980s and 1990s, other developments were moving against the agricultural 
sector in LAC.4 The 1980s debt crisis led to a significant decline in growth 
in the region, dubbed “the lost decade,” which hurt domestic demand for agri-
cultural goods. Also, some of the reforms, while eliminating many of the inef-
ficient and contradictory public-sector interventions, ended up, at the same 

4 Anderson and Nelgen (2013) calculated the levels of support (or taxation) for the agriculture 
sector for several countries and regions at the world level. Those estimates calculate the sup-
port to producers that can come from the rest of the society as consumers (mainly through trade 
policies) or as taxpayers (through fiscal policies). By their estimates, LAC’s overall and sectoral 
policies implied a tax on the agriculture sector of about 13 percent of the value of the produc-
tion during the 1950s and until the 1980s (see also Chapter 13). After that, the authors calcu-
late, the bias against agriculture changed into positive support for the sector in LAC, with a net 
subsidy equivalent to about 3.5 percent of the value of production on average during the period 
1990–2010. 
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time, dismantling the institutional infrastructure that provided technical 
assistance and some key inputs to agricultural production, without ensuring 
the creation of private-sector institutions that could provide similar services 
and inputs. 

Additionally, there were two important changes in external conditions. 
First, particularly since the 1980s, the extensive support and protection of 
agriculture in rich countries led to surpluses that were sold in world mar-
kets with subsidies, depressing world prices. Second, expanded capital flows 
led to a more volatile economic environment for developing countries, with 
the sequence of crises in Mexico in 1995, Asia in 1997, Russia in 1998, Brazil 
in 1999, and Argentina in 2001, which had negative implications for world 
growth and agricultural demand. 

In terms of poverty alleviation, in the second half of the 1990s a new type 
of poverty reduction program began to be implemented in LAC, such as 
Mexico’s “Progresa,” Brazil’s “Bolsa Scola,” and similar programs. They basi-
cally consisted of income transfers given mostly to heads of households (many 
of them women), but with specific commitments related to attendance at 
school and health controls for their children. The programs appear to have 
had positive impacts on local economic activity and on accumulation of physi-
cal and human capital (Adato and Hoddinot 2010). 

After the policy reforms in the 1980s and 1990s reduced, or even elimi-
nated, the past bias in macro incentives against agriculture, the framework 
of incentives in LAC began to move, although with variations, in support of 
agriculture. 

Table 6.1 shows nominal rates of protection (NPRs), which are the per-
centages by which the domestic prices paid by consumers and received by pro-
ducers are above (or below) the equivalent world price.5

Table 6.1 shows that until the last year available (2015), Argentina was 
the only country in the region that placed domestic prices below those pre-
vailing in world markets. A second group of countries maintained domes-
tic prices broadly in line with world markets (between 0 and 10 percent). But 
other countries have tilted domestic prices in favor of agricultural producers 
and against domestic consumers (10 percent or more), with cases of NPRs of 
more than 30 percent (Jamaica, Haiti, and El Salvador), and even reaching 
55.5 percent in the case of the Dominican Republic.

5 The measure reported in Table 6.1 represents mostly transfers from consumers, unlike the 
Anderson and Nelgen (2013) estimates, which also include transfers from taxpayers. The NPR 
numbers presented here are an aggregation of different products included in the database 
(details can be found at http://www.ag-incentives.org/).
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The policy changes were accompanied by a rebound of growth in LAC’s 
agricultural production during the last two decades (see Production, in the 
second section), which also transformed LAC into the main net exporter of 
agricultural products, as can be seen in Figure 6.1, with the region surpassing 
the United States, Canada, Australia, and New Zealand combined. 

The net trade surplus has been generated mainly by Brazil and Argentina, 
with some contribution from the rest of LAC (where some countries are net 
importers). 

The structure of agricultural trade for LAC also changed significantly 
during recent decades, with increases in exports of oilseeds and related meal 
and oil products and, to a smaller degree, fruits and vegetables. Other histori-
cally important products, such as sugar and coffee, have declining shares both 
in LAC’s and the world’s share of exports. Also to be noted is that the direc-
tion of trade (historically more directed to Europe and the United States) has 
become more diversified, with an increased presence of Asian markets, partic-
ularly China (see also Chapter 13).6

Since the price shocks of 2008 and 2011, several LAC countries seem to 
have reverted in part to greater involvement of the public sector in agricul-
ture related to concerns about food security. However, the main malnutrition 

6 In general, China has become the top destination for South American exports and the second 
destination for all of LAC exports, after the United States. However, the composition of LAC 
exports to China is heavily tilted toward primary commodities, much more than the overall 
composition of LAC exports to the world, while LAC is buying mostly manufacturing goods 
and running an important deficit with China. This has led to debates about the benefits for 
LAC of such structure of trade.

TABLE 6.1 Nominal rates of protection 

Country
Above 20 

(%) Country
10–20  

(%) Country
0−10  
(%) Country

Negative 
(%)

Dominican republic 55.5 Colombia 18.7 ecuador 6.2 argentina −26.5

Jamaica 37.1 honduras 17.5 peru 4.5

haiti 33.6 Suriname 13.8 Mexico 2.9

el Salvador 32.1 Nicaragua 13.6 Brazil 2.2

Guatemala 22.3 Belize 13.1 Uruguay 1.0

Bolivia 13.1 Chile 0.6

Guyana 12.5 paraguay 0.0

Costa rica 10.3

Source: agIncentives (2020).
Note: the years of the calculations vary by country, but they are within the period 2005–2015.
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problems in LAC are becoming less those of undernourishment and food inse-
curity, and more those of the two other burdens of malnutrition—deficien-
cies in different micronutrients and vitamins, and overweight and obesity (see 
Nutritional Transition, in the third section).7 

Part of these changes have been related to the emergence of LAC as the 
most urbanized developing region (Table 6.2): the percentage of urban popula-
tion increased from 52 percent in the 1960s to almost 79 percent in the 2010s, 
way above the world’s average of 53 percent (Díaz-Bonilla and Torero 2016).

It should be noted that although LAC has several megacities, almost 
60 percent of the region’s urban population is located in intermediate and 
small towns of less than 1 million inhabitants, as is shown in Table 6.2 (see 
also Chapter 9). 

Therefore, the process of overall urbanization has been relatively more evi-
dent in the development of small and intermediate towns, which have stronger 
links to rural spaces and differential impacts on agricultural value chains and 
the structure of food production, employment, and consumption (Berdegué, 
Proctor, and Cazzuffi 2014). The large percentage of the population living 

7 All three problems constitute the “triple burden of malnutrition” (Pinstrup-Andersen 2011).

FIGURE 6.1 Net agricultural trade (million current US dollars)
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in intermediate and small towns distinguishes LAC from other developing 
regions, with the exception of developing countries in Eastern Europe and 
Central Asia (Díaz-Bonilla and Torero 2016).8

All those changes present a variety of challenges for agricultural policies in 
LAC. Therefore, the overall policy framework for agriculture and food pro-
duction is changing, and the policy objectives related to the sector have also 
become more complex. With differences depending on the levels of develop-
ment, the agricultural sector is expected to contribute to the whole economy 
and society on several fronts. For instance, expanding on PIADAL (2013), it 
is possible to identify five objectives: (1) growth in agricultural production 
and productivity as a means to contribute to growth, employment, and eco-
nomic development in general; (2) reduction of poverty, vulnerability, and 
food insecurity, considering gender issues; (3) food safety and improvements 
in nutrition conditions; (4) environmental sustainability and protection of 
biodiversity; and (5) regional and territorial development, helping to eliminate 
large income disparities between urban and rural areas. 

8 Also, urban centers in LAC are among those most affected by violence and crime, apart from 
countries at war. In fact, measured by the number of homicides per 100,000 population, the 8 
most dangerous cities in the world and 42 of the top 50 are in LAC. See www.worldatlas.com/
articles/most-dangerous-cities-in-the-world.html. 

TABLE 6.2 Changing shares of urban population in LAC and other regions

Regions Variables 1960s 1970s 1980s 1990s 2000s 2010s

Latin america and 
Caribbean (excluding 
high income)

Urban population 
less than 1 million 
(% of total)

27.4 30.7 34.8 38.8 41.3 42.9

Low and middle 
income

Urban population 
less than 1 million 
(% of total)

15.1 16.8 19.9 22.8 25.3 28.0

World Urban population 
less than 1 million 
(% of total)

20.5 21.6 23.9 26.0 28.1 30.5

Latin america and 
Caribbean (excluding 
high income)

Urban population 
(% of total)

52.0 59.6 66.5 72.2 76.4 79.0

Low and middle 
income

Urban population 
(% of total)

25.4 28.4 33.0 37.7 42.7 47.6

World Urban population 
(% of total)

35.2 37.6 40.9 44.5 48.7 52.9

Source: Data from World Bank (2019).
Note: LaC = Latin america and the Caribbean.
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In consequence, the challenges for policies related to the agriculture sec-
tor go beyond what ministries of agriculture can do. The focus has expanded 
from agricultural development, to broader views of rural and value-chain 
development, and more recently to food systems, encompassing the previous 
levels plus retail and consumption aspects (HLPE 2017).

Production and Productivity Growth in Agriculture   

Production 

Table 6.3 shows the growth rates of agricultural production (which is the sum 
of the two components of the FAOSTAT database labeled “crops” and “live-
stock”) for the three main producing countries, for the LAC region, and for 
the world, in decades since the 1960s.9

LAC’s total agricultural production performed better than the world aver-
age in all decades. The worst performance for LAC was during the 1980s, 
the “lost decade” of the debt crisis, when the macro, trade, and sectoral policy 
reforms that were supposed to help the agriculture sector were in part coun-
tered by slow domestic growth and the decline in world prices. In the 2000s 
and 2010s, growth levels returned to those seen in the 1960s and 1970s. This 
was the result of better performance in South America and particularly Brazil. 

In general, crops have been growing faster in more recent decades, pushed 
mostly by Argentina and Brazil, with the expansion of oilseeds and grains. 
Livestock grew faster in the 1990s due to Brazil and Mexico, while in 
Argentina the 2010s were negative for aggregate livestock production, in part 
because of adverse domestic policies and relative prices that led to the expan-
sion of soybeans to the detriment of pastures (Díaz-Bonilla et al. 2014). 

Those differential growth rates changed the structure of agricultural pro-
duction, as shown in Table 6.4 (divided into the two components of the 
FAOSTAT database—crops and livestock). The values for agriculture, crops, 
and livestock are presented for the three main producing countries, for the rest 
of LAC, for the LAC aggregate, and for the world, in decades since the 1960s.10 

9 Value of production is measured in constant dollars at purchasing power parity (PPP) values, 
which FAOSTAT calls “international dollars” (which are different from constant common dol-
lars). This measure avoids f luctuations in the total value of aggregates due to changes in market 
exchange rates, and it uses a form of adjustment for PPP by which each commodity has a single 
world price per relevant unit of volume, irrespective of the country where it was produced. This 
approach facilitates aggregations and comparisons across countries.

10 Data reflect the value of production in constant dollars at PPP values (which are different from 
constant common dollars). 
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TABLE 6.3 Value of agricultural production (average annual growth rates in constant 2004–
2006 PPP dollars)

Region 1960s 1970s 1980s 1990s 2000s 2010s

argentina 3.0 2.2 −0.4 4.1 1.4 4.8

Brazil 3.8 3.5 4.5 3.2 4.4 3.1

Mexico 4.5 3.8 1.9 3.4 1.9 2.8

LaC 3.2 3.0 2.5 3.0 3.1 3.2

World 2.8 2.4 2.2 2.1 2.4 2.3

Source: authors’ calculations based on FaO (2018).
Note: the average for the decades was affected by the strong decline of 2009 and sharp rebound of 2010. LaC = Latin 
america and the Caribbean; ppp = purchasing power parity.

TABLE 6.4 Share (%) of value of world agricultural production (in constant 2004−2006 
PPP dollars)

Country or region Variable 1960s 1970s 1980s 1990s 2000s 2010s

argentina agriculture 2.0 1.8 1.7 1.7 1.8 1.8

Brazil agriculture 3.0 3.4 4.0 4.5 5.5 6.1

Mexico agriculture 1.3 1.4 1.6 1.6 1.6 1.6

rest of LaC agriculture 3.2 3.3 3.2 3.2 3.3 3.2

LaC agriculture 9.5 9.9 10.5 11.0 12.2 12.7

World agriculture 100 100 100 100 100 100

argentina Crops 1.3 1.4 1.4 1.5 1.8 1.8

Brazil Crops 3.4 3.6 4.3 4.3 5.0 5.6

Mexico Crops 1.3 1.4 1.5 1.4 1.4 1.3

rest of LaC Crops 3.4 3.4 3.2 3.2 3.1 3.1

LaC Crops 9.4 9.8 10.4 10.4 11.3 11.8

World Crops 100 100 100 100 100 100

argentina Livestock 3.0 2.6 2.2 2.0 1.8 1.7

Brazil Livestock 2.5 2.9 3.7 4.8 6.4 7.0

Mexico Livestock 1.2 1.5 1.8 1.8 2.0 2.0

rest of LaC Livestock 3.0 3.0 3.0 3.4 3.7 3.8

LaC Livestock 9.7 10.0 10.7 12.0 13.9 14.5

World Livestock 100 100 100 100 100 100

Source: authors’ calculations based on FaO (2018).
Note: LaC = Latin america and the Caribbean; ppp = purchasing power parity.
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Overall, the relatively stronger growth of LAC’s agriculture (Table 6.4) 
led to the increase in the region’s share in world agriculture: it moved from 
9.5 percent of world agricultural production in the 1960s (a combination of 
a share of 9.4 percent in crops and 9.7 percent in livestock) to 12.7 percent 
in the 2010s (combining 11.8 percent in crops and 14.5 percent in livestock). 

LAC’s increased share of more than 3 percentage points has been due mostly 
to Brazil’s performance, considering that Argentina lost some share, while 
Mexico did not gain much, and the rest of LAC stayed about the same. In 
terms of composition of agricultural production, the increase in LAC’s share 
at the world level is related more to the increase of livestock production, as 
opposed to crops.

A point worth noting is that by the 2010s, LAC’s agricultural production 
(measured in international dollars) had grown somewhat bigger in size than 
both that of the European Union, on the one hand, and that of the United 
States and Canada, on the other (both with about 11 percent of global agricul-
tural production each). As a comparison, all Asia represents about 50 percent, 
and Africa close to 9 percent (Díaz-Bonilla, Saini, Henry, Creamer, and Trigo 
2014). 

Land, Deforestation, and Greenhouse Gas Emissions

Agricultural land (including crops and pastures) at the global level increased by 
about 380 million hectares between the 1960s and the 2010s.11 To place LAC 
in the global context, Table 6.5 shows how much of that change occurred in 
different producing regions. The LAC region is presented as a whole and also 
disaggregated into Argentina, Brazil, Mexico, and the rest of LAC. Table 6.5 
includes the same calculations as Table 6.3, related to increases in the global 
share for the value of agricultural production in billions of constant dollars of 
equivalent purchasing power (or purchasing power parity, PPP).12 

LAC represented 44.1 percent of the world increase in agricultural 
land during the decades between the 1960s and 2010s, while the share of 

11 FAOSTAT uses “agricultural area” as the general category, which has different components 
such as “arable land,” “permanent crops,” and “permanent meadows and pastures.” In the table 
we utilize the general category of “agricultural area” because it seems the most comprehensive 
estimation of land use, and it is particularly relevant for LAC, given the large share of livestock 
production in the region. 

12 Value of production is measured in constant dollars at purchasing power parity (PPP) values, 
which FAOSTAT calls “international dollars” (which are different from constant common dol-
lars). This measure avoids f luctuations in the total value of aggregates due to changes in market 
exchange rates, and it uses a form of adjustment for PPP by which each commodity has a single 
world price per relevant unit of volume, irrespective of the country where it was produced. This 
approach facilitates aggregations and comparisons across countries.
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the increase in world agricultural production during that same period was 
14.4 percent. Therefore, LAC’s increase in agricultural and food production 
and exports (see below), although benefiting from improvements in productiv-
ity, was also associated with an important expansion of agricultural area based 
on land-use changes that will be difficult to repeat in the future without com-
promising sustainability. 

The increase in agricultural land happened mostly in Brazil and, to a 
smaller degree, in the rest of LAC, while Mexico and Argentina experienced 
relatively minor expansions. 

The expansion in agricultural land has been closely linked to deforestation 
(Table 6.6). LAC lost about 10 percent of its forest between 1990 and 2015, 
while the world lost about 3 percent. Overall, the region represented more 
than 80 percent of all the forest lost at the world level during that period.  

TABLE 6.5 Increases in production and area

Country  
or region

Net production value  
(constant 2004–2006 billion PPP dollars)

Agricultural area  
(million hectares)

1960s 2010s

Percentage  
of world 
change

Change from  
1960s to 

2010s (%) 1960s 2010s

Percentage 
of world 
change

Change from  
1960s to 

2010s (%)

asia 248.9 1,247.7 62.0 401.4 1,094.6 1,648.4 145.4 50.6

China 81.1 569.4 30.3 601.8 355.1 514.6 41.9 44.9

India 63.3 251.6 11.7 297.4 177.0 179.6 0.7 1.5

LaC 79.7 311.8 14.4 291.2 582.5 750.4 44.1 28.8

argentina 16.5 43.0 1.6 160.8 132.6 148.6 4.2 12.1

Brazil 25.7 148.6 7.6 478.8 170.9 277.2 27.9 62.2

Mexico 10.8 38.1 1.7 253.9 98.0 106.7 2.3 8.9

rest of 
LaC

26.8 82.1 3.4 206.6 181.1 217.9 9.7 20.3

africa 58.0 210.5 9.5 262.9 1,048.1 1,130.2 21.6 7.8

european 
Union

188.4 269.4 5.0 43.0 209.9 186.6 −6.1 −11.1

USa and 
Canada

131.9 268.9 8.5 103.9 508.9 471.6 −9.8 −7.3

australia 
and New 
Zealand

16.9 37.7 1.3 123.7 486.8 414.6 −19.0 −14.8

World 841.3 2,452.5 100 191.5 4,504.3 4,885.1 100 8.5

Source: authors’ calculations based on FaO (2018).
Note: LaC = Latin america and the Caribbean; ppp = purchasing power parity.
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Therefore, even though LAC represents only 10 percent of all greenhouse 
gas (GHG) emissions at the world level, the region has comparatively higher 
levels of GHG emissions related to agriculture and land-use change and for-
estry (LUCF). According to the database of emissions from FAOSTAT, in the 
decade of the 2010s LAC represented about 22 percent of all world emissions, 
combining agriculture and LUCF emissions, with Brazil accounting for some 
44 percent of LAC’s total for that aggregate.

Therefore, the loss of forest cover should be monitored to ensure long-term 
sustainability (as is done with the satellite data collected by Terra-I, a proj-
ect of CIAT).13 Rapid land-use change is putting pressure on LAC’s role as a 
major provider of global environmental public goods, including biodiversity, 
oxygen, and carbon sinks. 

Labor 

Table 6.7 shows that the region has far smaller shares of employment in agri-
culture than both developing countries and the world, but with great vari-
ations: along with Brazil and Mexico, which are the largest countries in 
the region, two other countries are included, as representatives of lower 
(Venezuela) and higher (Haiti) levels of agricultural employment in the 
region.14 

The fact that LAC has expanded the land area utilized but reduced 
employment in agriculture is reflected in the differential productivity levels 
for land and labor, as discussed below. 

13 See www.terra-i.org/terra-i.html for information about Terra-I.
14 Some small island countries in the Caribbean show lower levels than Venezuela. Data for 

Argentina is not included because of the limited coverage of household surveys. 

TABLE 6.6 Forest area (million hectares)

Region 1990 2015
Lost  

forest

Lost forest as 
percentage of total 

forest in 1990

World 4,128.3 4,007.4 −120.9 −2.9

LaC 1,007.0 906.3 −100.7 −10.0

LaC as percentage of world 24.4 22.6 83.3

Source: authors’ calculations based on FaO (2018).
Note: LaC = Latin america and the Caribbean.
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Productivity 

The worldwide efficiency in land and labor use increased on average between 
1961 and 2010 (Pardey 2012). In particular, LAC increased output per 
worker by about 270 percent during that period, and output per hectare some 
205 percent (measured in 2004–2006 international dollars). But there are 
clear differences between regions and countries: Latin America shows less 
labor and land productivity than in all developed regions (except for Australia 
and New Zealand, which have less land productivity than LAC) while being 
above the world average and that of all developing regions (except Eastern 
Europe) in labor productivity, but only exceeding Africa south of the Sahara 
and countries of the former Soviet Union when considering land productivity 
(Pardey 2012; see also Chapter 1). 

Figures 6.2, 6.3, and 6.4, following Hayami and Ruttan (1985), present 
several indicators of partial productivity.15 The indicators are presented for 
the region only, comparing the averages for three decades—1960s, 1990s, and 
2010s—and separating Argentina, Brazil, Mexico, and the rest of LAC (which 
is the simple average of the remaining countries in the database).16

Argentina, due to its large land area (Figure 6.3), has the lowest ratio of 
product per unit of land (Figure 6.2), but a low labor-land ratio (the inverse 

15 Data come from the IFPRI (2019) database maintained by Alejandro Nin-Pratt, which also 
uses data from the USDA Economic Research Service Agricultural Productivity project and 
FAOSTAT (see also Fuglie 2012 and 2015). Figures 6.2–6.4 follow Hayami and Ruttan (1985; 
see also Kawagoe, Otsuka, and Hayami 1986). The variables are defined in the figure notes. 
The data is presented in normal units (not logarithms) to facilitate interpretation.

16 Those countries are Bolivia, Chile, Colombia, Costa Rica, Dominican Republic, Ecuador, El 
Salvador, Guatemala, Guyana, Haiti, Honduras, Jamaica, Nicaragua, Panama, Paraguay, Peru, 
Suriname, Trinidad and Tobago, Uruguay, and Venezuela.

TABLE 6.7 Employment in agriculture (% of total employment)

Countries and regions 1990s 2000s 2010s

LaC 22.1 19.0 14.9

Brazil 21.2 19.2 11.6

Mexico 23.4 15.5 13.5

Venezuela 12.0 9.8 7.5

haiti 50.6 50.4 50.0

Low and middle income 50.3 44.8 36.0

World 41.7 37.3 30.2

Source: Data from World Bank (2019).
Note: LaC = Latin america and the Caribbean.
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of the indicator in Figure 6.3) combined with larger mechanization ratios 
(Figure 6.3) and natural fertility leads to the largest ratio of product per unit 
of labor (Figure 6.2), even with low levels of use of fertilizers (Figure 6.4). 
Mexico, far more constrained in land per worker (Figure 6.3) while still hav-
ing an important agricultural population with lower levels of capital use 
(Figure 6.3) and fertilizer application (Figure 6.4), shows the lowest ratios 
of product per land and labor. Brazil and the rest of LAC are in between 
those two countries in terms of partial productivity of land (Figure 6.2), but 
Brazil is clearly above the rest of LAC in the ratio of product per unit of labor 
(Figure 6.2), resulting from larger indices of capital per unit labor (Figure 6.3) 
and fertilizer use (Figure 6.4). Also noticeable in Brazil is the strong growth of 
the level of production per unit of labor (almost 680 percent since the 1960s), 
supported by large increases in land and capital per unit of labor (Figure 6.3) 

FIGURE 6.2 Product per unit of land (Q/A) and product per unit of labor (Q/L)
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aGrIFOOD SYSteMS IN LatIN aMerICa aND the CarIBBeaN 207



and in the use of fertilizers (Figure 6.4).17 To sum up, the observation that 
high (or low) land-labor ratio is associated with high (or low) capital-labor 
ratio and high (or low) labor productivity is consistent with the Hayami-
Ruttan (1985) induced innovation hypothesis.

A more comprehensive approach to the evolution of productivity in LAC 
is to analyze the growth rate of total factor productivity (TFP).18 Nin-Pratt et 
al. (2015), looking at TFP growth in LAC agriculture between 1980 and 2012, 
show that regional agricultural output per worker and TFP increased 82 and 

17 For instance, Bustos, Caprettini, and Ponticelli (2016) show significant technical change 
in soybean production in Brazil that has been strongly laborsaving and led to struc-
tural transformation.

18 It should be noted that the calculation of total agricultural production is a composite of prod-
ucts measured in constant prices of a certain base year. Therefore, that “quantity” can increase 
also because of composition effects (for example, if a country reduces the share of lower-price 
products and increases the share of higher-value ones).

FIGURE 6.3 Land per unit of labor (A/L) and capital per unit of labor (K/L)
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45 percent, respectively. The authors attribute the improved performance to 
the use of fertilizer, increases in land productivity, and growth in the use of 
capital that expanded cultivated area per worker, as well as to higher produc-
tivity of the animal stock. 

Table 6.8 shows the latest estimates from IFPRI (2019) for LAC compared 
with other regions and differentiating Argentina, Brazil, Mexico, and the rest 
of LAC.19

LAC was behind all developing regions in TFP growth except the Middle 
East and North Africa during 1991–2000 (affected by Argentina’s low 
growth) but outperformed all regions during the next two periods shown in 
Table 6.8. Brazil and Mexico maintained a reasonably strong TFP growth 
during the years considered.

19 The countries are the same as for Figures 6.2 to 6.4, except Venezuela.

FIGURE 6.4 Productivity per unit of land (Q/A) and fertilizer use per unit of land (F/A)

0

20

40

60

80

100

120

140

160

0 500 1,000 1,500 2,000

F/
A

Q/A

Argentina
Brazil
Mexico
Rest of LAC

Source: authors’ calculations using IFprI (2019).
Note: a = land (total agricultural land in hectares of “rainfed cropland equivalents”); F = fertilizer (metric tons of N–p2O5–K2O 
fertilizer consumption measured in “N-fertilizer equivalents”); LaC = Latin america and the Caribbean; Q = output (FaO gross 
agricultural output, measured in international 2005 dollars). 

aGrIFOOD SYSteMS IN LatIN aMerICa aND the CarIBBeaN 209



The positive trends in LAC’s partial and total factor productivity in the 
recent past took place within a relatively favorable global macroeconomic 
environment and higher commodity prices. Sustaining future agricultural 
productivity trends in the region under conditions that will likely be less 
favorable will require important investments in agricultural research (Pardey 
and Beintema 2001; Fan 2008).

Food Security and Nutritional Transition 

Food Availability

Food availability per capita has increased between the 1960s and the current 
decade in LAC and worldwide (Table 6.9). While in the 1960s the average 
number of daily calories per capita was between somewhat more than 2,100 
and 2,300 depending on the subregions of LAC, the averages for the decade 
of the 2010s were between about 2,700 and more than 3,000 calories per day 
per person. Daily proteins per capita increased from 51–64 grams (1960s) to 
about 67–85 (2010s), while fats moved from 47–52 grams per capita (1960s) 
to 70–100 (2010s). Mexico and Central America, and South America (the 
largest LAC subregions considered in the data) have maintained absolute val-
ues of food availability above world averages; the Caribbean region, where 
Haiti has a large influence in the aggregates due to its large population, is 
below the world average, but availability per capita has still grown about 
27 percent in calories, 31 percent in proteins, and almost 50 percent in fats. 

TABLE 6.8 Growth of TFP (% annual)

Region/country 1991–2000 2001–2010 2011–2015

africa south of the Sahara 1.5 1.0 0.4

asia 1.7 1.7 1.5

Middle east and North africa 1.3 1.5 1.2

Latin america and Caribbean 1.3 2.3 1.9

argentina 0.2 0.9 3.4

Brazil 1.6 3.3 1.6

Mexico 2.2 2.0 2.2

rest of LaC (average) 0.8 1.7 1.9

Source: IFprI (2019). 
Note: LaC = Latin america and the Caribbean; tFp = total factor productivity.
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Income Growth, Poverty, and Inequality

During recent decades LAC countries also showed other important socioeco-
nomic changes. Since the 1960s, gross domestic product (GDP) per capita (in 
constant $2010 dollars) increased by 130 percent to almost $9,500 dollars per 
capita (average of the 2010s), clearly above the less than $4,200 dollars for all 
developing countries, but still far below the more than $41,000 dollars per 
capita of developed countries (World Bank 2018).

That growth of income was accompanied by the traditional process of 
structural transformation in which agriculture declines as percentage of 
total value-added: though the sector had represented about 14.6 percent of 
total GDP for LAC during the 1960s, it declined to 5.5 percent by the 2010s. 
There is still an important variation across countries in LAC, with Haiti, 
Paraguay, Nicaragua, Belize, Honduras, Bolivia, El Salvador, Guatemala, and 
Suriname showing percentages of agricultural GDP above 10 percent of total 
GDP, while in Chile, Mexico, and Trinidad and Tobago those shares are 

TABLE 6.9 Food availability

Regions Variable 1960s 2010s Change (%)

Caribbean Fat supply quantity (grams/
capita/day)

47.0 70.4 49.6

Mexico and Central 
america

Fat supply quantity (grams/
capita/day)

48.9 85.0 73.7

South america Fat supply quantity (grams/
capita/day)

52.2 99.6 90.7

World Fat supply quantity (grams/
capita/day)

50.9 82.4 62.0

Caribbean Food supply (kcal/capita/day) 2,127.6 2,699.0 26.9

Mexico and Central 
america

Food supply (kcal/capita/day) 2,271.6 2,920.0 28.5

South america Food supply (kcal/capita/day) 2,393.8 3,014.0 25.9

World Food supply (kcal/capita/day) 2,291.6 2,869.3 25.2

Caribbean protein supply quantity (grams/
capita/day)

50.9 66.6 30.9

Mexico and Central 
america

protein supply quantity (grams/
capita/day)

61.1 81.7 33.6

South america protein supply quantity (grams/
capita/day)

64.0 85.2 33.2

World protein supply quantity (grams/
capita/day)

63.2 80.6 27.5

Source: authors’ calculations based on FaO (2018).
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below 5 percent. Rural population was also falling, moving from 48 percent of 
total population in the 1960s to 21 percent in the 2010s. 

The percentage of population suffering from poverty declined from almost 
17 percent on average in the 1980s to 5.8 percent for the 2010s (using a pov-
erty line of US$1.9 per day in PPP terms), levels that are less than half the aver-
age for developing countries (Table 6.10). 

In fact, the region has achieved the Millennium Development Goal 
(MDG) to cut the incidence of poverty by half by 2015.20

Another point to be noted is that in LAC, poverty has become mostly 
urban since the 1990s, when the number of urban poor started to exceed the 
rural poor; early in the 2010s about two-thirds of the poor lived in urban 
areas. Still, the incidence of poverty is higher in rural areas. Also, the inci-
dence of poverty is higher among the indigenous population and among 
households that depend on agricultural income or on government transfers 
(CEPAL, FAO, and IICA 2012). 

With regard to food security, LAC also shows better indicators than other 
developing regions (von Grebmer et al. 2016). The region has achieved as well 
two other 2015 MDGs, by cutting in half the percentage of both underweight 
children under five years of age and undernourishment in the total popula-
tion. Latin America (without the Caribbean) has also reached the goal set by 
the 1996 World Food Summit of cutting the total number of undernourished 
people in half (Díaz-Bonilla and Torero 2016). 

However, while the region shows significant improvements as a whole, 
food security conditions are still worrisome in some countries, such as Haiti, 
Honduras, and Guatemala, and in disadvantaged regions in bigger countries. 

Several factors appear to have supported the achievement in poverty 
reduction and food security, including the relatively strong performance of 
the agriculture sector in recent decades (as discussed above), the decline in 
poverty resulting from economic growth, and the expansion of safety nets 
based on cash transfers for the poor and vulnerable, since the second half 
of the 1990s. Compared with other regions, LAC shows the highest cover-
age by social safety nets of the poorest 20 percent of the population: in LAC 
more than 50 percent of the population in that quintile are covered, while 
in Eastern Europe and Central Asia and East Asia and the Pacific less than 
50 percent are covered, and in Africa, South Asia, and the Middle East and 
Northern Africa less than 30 percent are covered (World Bank 2014; Díaz-
Bonilla and Torero 2016). Other factors that have arguably contributed to the 

20 With a poverty line of US$1.25 (PPP measured in 2005 prices).

212 Chapter 6



region’s achievements include advances in the education and status of women; 
improvements in water, sanitation, and health infrastructure; and the spread 
of democracy in the region since the 1980s and 1990s (Díaz-Bonilla and 
Torero 2016).

At the same time, it should be noted that for all its advances in income 
and declines in poverty and food insecurity, LAC remains the most unequal 
region in the world (an average Gini of about 0.51 for the countries with data 
in the World Bank database), closely followed by Africa south of the Sahara 
(Gini of 0.47). 

Nutritional Transition 

Helped by improvements in income, food security, and health care, the aver-
age inhabitant of LAC countries reached about 76 years of life expectancy 
at birth in the latest year with data in the World Development Indicators 
(World Bank 2018) (adding 20 years since 1960), compared with 71 years 
of life expectancy for developing countries as a whole, but some 81 years for 
developed countries. 

However, the decline in poverty and food insecurity in the region has been 
accompanied by problems of overweight and obesity, part of the triple burden 
of malnutrition mentioned above (Pinstrup-Andersen 2011). Table 6.11 shows 
that LAC suffers from a high incidence of overweight and obesity compared 
with the world average.

Popkin and Reardon (2018) have clearly shown that the region faces a 
major diet-related health challenge with great economic and social costs. The 
significant increase—among all ages—of overweight and obese levels can be 
explained by a shift toward consumption of less-healthful low-nutrient- density 
foods and sugary beverages as well as changes in away-from-home eating and 

TABLE 6.10 Poverty indicators (poverty head count ratio, % of population)

Regions
Poverty line  
(in 2011 PPP) 1980s 2010s

Latin america and Caribbean at $1.90/day 16.6 5.8

Low and middle income at $1.90/day 47.1 15.4

World at $1.90/day 38.5 13.0

Latin america and Caribbean at $3.10/day  30.8 12.5

Low and middle income at $3.10/day 67.6 35.8

World at $3.10/day — —

Source: Data from World Bank (2019).
Note: — = not available; ppp = purchasing power parity.
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snacking. As a result, governments in the region have started to adopt stricter 
labeling regulations (such as in Chile, Peru, and Ecuador) and to impose 
taxes on unhealthy food (Mexico). Moreover, deficiencies in critical nutrients, 
such as iron and vitamin A, also constitute a problem (see the 2018 Global 
Nutrition Report by Development Initiatives).

Innovations and Agricultural Transformation
Global and regional agrifood systems are undergoing remarkable changes, 
while facing a series of major challenges, including sustainable intensification, 
contribution to global and regional food security, adaptation to and mitiga-
tion of climate change, territorial development and the role of “family agri-
culture,” and many more. Facing such challenges requires new approaches 
and innovative institutional arrangements as well as strengthened agrifood 
research and innovation.

Investments in Research and Development

In 2011, only 5 percent of total global investments in public and private 
research and development (R&D) were directed to food and agriculture 
(Pardey 2012). That small percentage represented US$69.3 billion (in 2009 
purchasing-power-adjusted currency) with a decreasing trend (for a total of 
55 percent) in high-income countries and significant growth (representing 
43 percent) in middle-income countries, compared with 1980.

Stads et al. (2016) show that agricultural R&D spending in LAC (exclud-
ing the private for-profit sector), after following a period of volatility and 
declines until the early 2000s, recovered after 2004. By 2013, the region 
spent US$5.1 billion on agricultural R&D (2011 PPP prices), representing 
a 75 percent increase over levels recorded in the early 1980s; total researcher 

TABLE 6.11 Overweight and obesity, 2016 (%) 

Gender and age

Average in LAC Average in world

Overweight Obese Overweight Obese

adolescents, male 30.0 10.4 17.5 5.6

adolescents, female 31.2 13.5 19.2 7.8

adults, male 58.5 20.2 24.8 11.6

adults, female 60.1 28.0 28.4 15.7

Source: authors' calculations from Development Initiatives (2018).
Note: LaC = Latin america and the Caribbean.
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numbers (measured in full-time equivalents) also recovered after a period of 
stagnation during 1990–2004: in 2013, there were about 20,600 agricultural 
researchers (in full-time equivalents, FTEs), about double the number in the 
early 1980s. Figure 6.5 shows the evolution of expenditures and researchers in 
agricultural R&D. 

These trends have been driven mostly by Brazil (53 percent of the total 
in LAC), and to a smaller degree by Argentina (13.5 percent) and Mexico 
(14 percent), which together represented about 80 percent of LAC’s spend-
ing and some 75 percent of agricultural researchers (Stads et al. 2016). The 
Agricultural Science and Technology Indicators (ASTI) database, on which 
Stads et al. (2016) is also based, shows that by 2013, LAC expenditures in 
agricultural R&D represented almost 26 percent of the total by developing 
countries. As a comparison, in the same year China represented 48.2 percent 
and India 16.5 percent. Stads et al. (2016) summarize the source of LAC agri-
cultural research funding and its use in 2012/2013. Three features portray 
important challenges for the future of the region: governments are still the 
main source of funding for agricultural research; most of that funding is being 
spent to cover researchers’ salaries; and most researchers did not hold a PhD 
in the mid-2010s. Approximately 55 percent of agricultural researchers in 

FIGURE 6.5 Long-term trends in agricultural researchers and research spending in LAC, 
1981–2013 
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2012/2013 were public-sector employees; universities accounted for 40 percent 
and nonprofit agencies for 5 percent.21 

Another useful indicator is the intensity ratio of R&D (that is, expendi-
tures in R&D over the value of agricultural production).22 Calculations by 
Pardey (2012) show that the research intensity in LAC for the public sector 
marginally improved in the 1990s and mid-2000s, from 0.8 percent to some-
what more than 1 percent, but that is far less than in high-income countries, 
particularly if public and private expenditures are considered together. The 
level of patenting and publications in LAC is also lower than that of devel-
oped countries and even some developing countries, such as China (Pardey 
2012). On the other hand, LAC shows better ratios of R&D intensity than 
the average for developing countries (Pardey 2012). In that regard, Latin 
America has been an institutional laboratory on funding mechanisms for agri-
cultural research (Echeverría, Trigo, and Byerlee 1996). Some research agen-
cies conduct research on a contract basis for the private sector and through the 
commercial sale of improved seed. In addition, several countries have estab-
lished levies on the value of agricultural production.23

However, estimates of the intensity ratio (Table 6.12) show an impor tant 
dispersion in the region (it is the average of the decade of the 2010s). Also, 
those intensity ratios, even in the countries with the highest value, do not 
reach 2 percent of agricultural GDP, while in developed countries they usually 
go above 4–5 percent.  

Furthermore, a significant number of countries are below the 1.0 percent 
intensity (the minimum recommended by the UN). This remains a big chal-
lenge for these countries where government support for agricultural R&D is 
too low to sustain viable agricultural research programs capable of addressing 
current and future priorities. Traditionally, such a research capacity gap has 
been to a certain extent filled by multicountry initiatives such as subregional 
cooperative research programs (generically referred to in Spanish as PROCIs, 
for programas cooperativos de investigación) complementing weak national 

21 It is worth noting that universities have gained prominence in agricultural research, especially 
in Argentina, Bolivia, Costa Rica, Paraguay, and Uruguay. Producer organizations in Colombia 
and Honduras explain 40 percent of the total number of researchers.

22 Like any indicator, the intensity of R&D has its problems of interpretation, starting with the 
fact that it may increase not because R&D has gone up, but because agricultural GDP has gone 
down (Beintema et al. 2012).

23 For example, the Colombian coffee, sugarcane, and oil palm producer organizations fund most 
of their research using a levy on production. Uruguay’s National Agricultural Research Institute 
(INIA) is partly funded by a commodity tax on the total value of the sale of the country’s agri-
cultural commodities, and the government matches the funds generated by the tax.
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capacities, as well as regional and subregional funding mechanisms (for exam-
ple, FONTAGRO). 

It should be noted that the region is an important user of biotechnol-
ogy products. Globally, it has been estimated that 26 countries planted 
almost 190 million hectares in 2017 (ISAAA 2017). After the United States 
(75 million hectares, 40 percent of the world total), the next two coun-
tries were Brazil (50.2 million hectares, 26 percent of the world total) and 
Argentina (23.6 million hectares, 12 percent). In total, there are 10 countries 
in LAC with more than 79 million hectares planted with biotech products 
(ISAAA 2017).24 

Technological and Institutional Innovations

The institutional structure and policies for funding and executing public 
agricultural research have undergone important changes in Latin America 
and the Caribbean since the early 1960s, when national agricultural research 
institutes (NARIs) were conceived and when international centers based 
in the region were set up.25 In addition, the region has been prolific in the 

24 In addition to Brazil and Argentina, in 2017 the next countries in order of importance were 
Paraguay (3 million hectares); Bolivia (1.3 million hectares); Uruguay (1.1 million hectares); 
Mexico and Colombia with about 0.1 million hectares each; and Honduras, Chile, and Costa 
Rica, with less than 0.1 million hectares each.

25 Also, starting earlier than other developing regions, LAC has hosted since the 1960s three of the 
international centers of the CGIAR system: the International Center for Tropical Agriculture 

TABLE 6.12 Investments in public research and development as percentage of agricultural 
gross domestic product (average 2010s)

1% or more 0.5%–0.9% Less than 0.5%

Brazil 1.9 Bolivia 0.9 Nicaragua 0.4

Chile 1.7 Jamaica 0.9 peru 0.4

Uruguay 1.4 panama 0.8 Dominican republic 0.3

argentina 1.2 Belize 0.7 paraguay 0.3

Mexico 1.1 Colombia 0.7 Venezuela 0.3

Costa rica 1.0   ecuador 0.2

    honduras 0.2

    Guatemala 0.1

All countries in ASTI database

average 0.9 Median 0.5   

Source: aStI (2017). 
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establishment of various regional and subregional cooperative research mecha-
nisms to execute and also to fund research. 

As already pointed out, in the 1980s and 1990s macroeconomic crises led 
to important changes in agricultural policies in the LAC region, with the dis-
mantling of many agricultural public institutions. Some NARIs started to 
focus more on small farmers and poverty issues, as part of a broader strategy 
for rural development. 

The regional institutional framework for the development and diffusion 
of agricultural technology also expanded over time to include other regional 
institutions.26 There was also increased participation of multinational com-
panies, producer associations, universities, and civil society (Byerlee and 
Echeverría 2002). 

As the agrifood systems modernized, they exerted new demands on all 
these traditional research structures. 

The relatively recently substantial transformation of global food systems 
has several key implications for agricultural research strategies of international 
and national research systems, particularly in LAC countries well connected 
to international markets (Reardon et al. 2019). A key requirement is to con-
sider the whole food system and its transformation in order to adopt strate-
gies and designs of innovations in technologies and products related to overall 
food systems transformations. For instance, emerging requirements in terms 
of product types, quality and safety attributes, shelf life, cost, consistency, 
and seasonality should influence research priorities. Farmers themselves are 
far more involved in markets and commercialization than just a few decades 
ago, having significantly intensified and diversified farming; therefore, public 
research strategies need to keep up with that change. In addition, and because 
innovations are part of a supply chain, it is important to understand the strat-
egies and needs of private-sector actors other than farmers, who are essential 
in the entire food system. Hence, public research organizations face a grow-
ing demand to transform themselves to the new food systems’ realities, consid-
ering the presence of more actors, which requires new forms of collaboration 
(Byerlee and Echeverría 2002).

All these changes in the context where agricultural research takes place, 
new demands on food systems as well as new global challenges such as climate 

(CIAT), the International Maize and Wheat Improvement Center (CIMMYT), and the 
International Potato Center (CIP).

26 Cooperation programs, such as the PROCISUR, PROCIANDINO, PROCITROPICOS, 
SICTA, PROMECAFE, PROCICARIBE, and PROCINORTE; FORAGRO; regional centers 
such CATIE and CARDI; and FONTAGRO (Regional Fund for Agricultural Technology).

218 Chapter 6



change, and new funding opportunities and alternative providers of research 
solutions imply that, among other challenges, the public research community 
needs to take into consideration the importance of policy contexts as well as 
research on the off-farm components of the food system. Reardon et al. (2018) 
suggest that “research on and productivity of processing, packaging, logis-
tics, and commerce technologies have equal weight in the performance of the 
food system relative to the farm sector, and investment in research and devel-
opment value chains for these technologies and value chains for the inputs to 
these segments need a much higher profile in the context of the transformed 
food system where post farm segments occupy 40–70% of value added.” In 
addition, returns to investments at the farm level are very well linked to 
related innovations in the whole supply chain, from inputs to marketing of 
final products. 

Other challenges include the convergence of life sciences (including those 
related to agriculture) with physics, chemistry, computer sciences, mathe-
matics, and engineering, leading to the emergence of new interdisciplinary 
research areas (Committee on a New Biology for the 21st Century 2009; MIT 
2011). This challenges NARIs’ institutional structures, organized into sepa-
rate compartments of traditional disciplines related to agricultural R&D. Not 
only does such convergence require collaboration between disciplines, but 
more fundamentally, it calls for true disciplinary integration as well as new 
forms of funding (Committee on a New Biology for the 21st Century 2009; 
MIT 2011). 

Further, there is the multiplicity of demands now placed on agriculture, in 
addition to increasing supply and alleviating poverty, which include health 
and nutrition, equity and gender integration, environmental sustainabil-
ity, and a broader view of the bioeconomy. The implication of these multi-
ple demands is that agricultural R&D needs to go beyond an exclusive focus 
on primary production to include the forward and backward linkages of 
the value chain, considering the views of a variety of social actors. All of this 
requires moving from more limited R&D strategies to a broader innovation 
approach and implies new organizational approaches, particularly to coor-
dinate across multiple actors and networks, and, also, innovative funding 
arrangements (Trigo 2012).

Irrigation

Irrigation is another important source of productivity. Table 6.13 shows the 
area equipped for irrigation in LAC compared with the world. Although the 
irrigated area in LAC has increased more than the world average since the 
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1960s, it is still only 3.2 percent of the total agricultural area in that region, 
while 6.7 percent of the world’s agricultural area is irrigated.

Farm Size and Land Tenure Issues

As discussed above, the unequal land structure in LAC, with the traditional 
dichotomy of “latifundio-minifundio,” has been a trait of many LAC coun-
tries since the colonial period. Notwithstanding earlier land reforms (many 
linked to peasants’ revolts and revolutions in the first part of the 20th cen-
tury), the agrarian reforms that took place during the Alliance for Progress 
in the 1960s and 1970s, and a more recent phase since the return of democ-
racy, inequality of land ownership remains high. At the same time, it should 
be noted that more recently the greater integration of rural and urban markets, 
along with the expansion of value chains, and the growth of exports have led 
to a more diversified land structure and the emergence of a segment of middle- 
sized farms. 

Besides the issue of inequality, LAC continues to be the developing region 
with the largest average landholdings. Table 6.14 shows the average hold-
ing size, based on the most recent data compiled by the FAO and analyzed in 
Lowder, Skoet, and Singh (2014).27 The table includes all LAC countries cov-

27 Data correspond to the “2000” column in Table 2 of Lowder, Skoet, and Singh (2014), except for 
Mexico, Paraguay, Peru, and Honduras; that group corresponds to the “1990” column. 

TABLE 6.13 Irrigation

Regions and 
countries

Area with irrigation (1,000 hectares) Increase from  
1960s to 2010s  
(1,000 hectares) Increase (%) 1960s 2010s

LaC 9,059.9 24,240.3 15,180.4 167.6

argentina 1,112.2 2,337.4 1,225.2 110.2

Brazil 612.2 5,400.0 4,787.8 782.0

Mexico 3,216.7 6,496.0 3,279.3 101.9

rest of LaC 4,118.8 10,006.9 5,888.1 143.0

World 170,668.3 327,245.8 135,898.0 91.7

LaC/world 5.3% 7.4%   

Irrigated land as share of total land (%)

LaC 1.6 3.2   

World 3.8 6.7   

Source: authors’ calculations based on FaO (2018). 
Note: LaC = Latin america and the Caribbean.
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ered in Lowder, Skoet, and Singh (2014) and, as a comparison, a sample of 
other countries in the same study. 

As noted, another characteristic of landholdings in LAC is the inequal-
ity: in the late 1990s and early 2000s, the concentration measured by the Gini 
coefficient for landholdings in LAC was about 0.82, against 0.53 in Africa, 
0.57 in Asia (developing), 0.59 in the European Union, and 0.64 in Canada 
(Diao et al. 2005). In some countries, such as Brazil, the inequality is large: the 
data reported in Lowder, Skoet, and Singh (2014) indicate that farms larger 
than 1,000 hectares represented 1 percent of all units but included 45 percent 
of the land (with an average size of some 3,200 hectares), while those with 
less than 2 hectares represented 20 percent of the units but occupied only 
0.25 percent of the land (average 0.9 hectares).28 This heterogeneity explains 

28 It was estimated that 8 percent of farms produced 85 percent of the value of agricultural produc-
tion (Ribeiro Vieira Filho, Garcia Gasques, and Gervásio de Sousa 2011).

TABLE 6.14 Average size of agricultural holdings in LAC in comparison with other countries 

Latin American countries Non–Latin American countries

Country or region Area (hectares) Country or region Area (hectares)

argentina 582.5 australia 3,243.2

Uruguay 287.4 Canada 273.4

Chile 83.7 New Zealand 223.4

paraguay 77.5 United States 178.4

Brazil 72.8 United Kingdom 70.9

Venezuela 60.0 France 45.0

Mexico 41.4 Germany 40.5

Nicaragua 31.3 Spain 23.9

Colombia 25.1 Saudi arabia 16.7

peru 20.1 tunisia 10.5

ecuador 14.7 Senegal 4.3

panama 11.7 thailand 3.2

honduras 11.2 Myanmar 2.5

Guatemala 4.5 India 1.3

trinidad and tobago 4.4 Japan 1.2

Jamaica 2.2 Viet Nam 0.7

LaC average 83.2 World average 76.7

LaC median 28.2 World median 4.7

Source: Based on data from Lowder, Skoet, and Singh (2014).
Note: LaC = Latin america and the Caribbean. 
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the relatively intermediate average value for the whole country. In fact, the dis-
parities are so large that a previous government created two separate minis-
tries, one for commercial farms and another for small farmers (IFAD 2016). 

During the last decade, the process of concentration may have increased 
further in several countries, but it has declined in others, such as Mexico 
(CEPAL, FAO, and IICA 2012). A clear picture will only be available when 
the latest round of censuses is processed. 

Other trends and facts related to land issues include an expansion of land 
buying in the region, mainly by regional firms and local groups expanding 
into neighboring countries; the concentration of production (but not land 
ownership) through schemes to achieve economies of scale, such as “agricul-
tural planting pools” in the Southern Cone; and the expansion of contract 
farming in most LAC countries (Dirven 2011; CEPAL, FAO, and IICA 2012; 
FAO 2012).29 

All in all, data from Lowder, Skoet, and Singh (2014) suggest that there 
were about 7 million farmers with less than 5 hectares of land, on about 
11 million hectares.30 In the next bracket there was a variety of intermedi-
ate family farms in the range of 5 to 200 hectares, with different levels of 
assets and market access, amounting to some 5–6 million units with about 
210 million hectares.31 Finally there were about 500,000 commercial farms 
with more than 200 hectares per unit, occupying somewhat more than 
500 million hectares (Lowder, Skoet, and Singh 2014, annex 6).  

Policymaking in LAC has always been complicated by this heterogeneity. 
Public policies will have to acknowledge this fact and consider differentiated 
policies by types of producers, possibly defining and implementing adequate 
public programs in support of small farmers and family farms and monitor-
ing concentration of land and ensuring that “land grabbing” does not take 
place. While for commercial farms the most important need is to develop an 
adequate business policy environment (Díaz-Bonilla, Orden, and Kwieciński 
2014), for small and family farms public policies should not only eliminate 
biases against small farmers in land, labor, inputs, and credit markets, but also 
make sure that value chains operate in ways that allow an adequate integration 

29 These agricultural planting pools are financial and operational vehicles managed by agricul-
tural professionals, where different people contribute capital to finance a productive cycle 
(which may be an annual crop or longer crop and livestock operations). When the cycle finishes, 
the net profits are distributed among the investors. 

30 A more adequate classification than hectares of land would be based not only on size but also on 
other variables, such as the levels and origins of their incomes (Berdegué and Fuentealba 2011).

31 Berdegué and Fuentealba (2011) estimated a group of family farms to be around 5 million with 
some 300 million hectares.
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of those producers. Also, more funds for public R&D in support of family 
and small farms, diversified crops and livestock activities, and mitigation and 
adaptation research linked to climate change will be needed. 

Transformation of Rural Economies, Rural-Urban Linkages,  
and Value Chains

The process of urbanization (discussed in more detail in the first section and 
Table 6.2; see also Chapter 9), along with the expansion of infrastructure 
and intermediate cities, and the greater integration of rural and urban mar-
kets have led to important changes in rural labor markets and nonagricultural 
rural activities, as well as the expansion of and greater complexity in value 
chains, domestically and for exports. 

Regarding rural labor markets, Reardon, Berdegué, and Escobar (2001) 
summarize the evidence of 11 country studies in LAC by the late 1990s and 
early 2000s, noting that rural nonfarm employment (RNFE) and rural non-
farm incomes (RNFI) have grown significantly during the past three decades, 
with RNFI averaging 40 percent of total rural incomes in the countries 
analyzed. Reardon, Berdegué, and Escobar (2001) also observe, in terms of 
shares of rural incomes, “(1) nonfarm wage incomes exceed self-employment 
incomes; (2) RNFI far exceeds farm wage incomes; (3) local RNFI far exceeds 
migration incomes; (4) service-sector RNFI far exceeds manufactures RNFI.” 
Their conclusion is “the need for more development program attention to 
wage employment in the service sector, versus the traditional focus on small 
enterprise manufactures.” They mention that although there are other new 
development engines in rural areas (such as tourism, mining, and forestry), 
agricultural production maintains its crucial importance as an economic 
anchor in rural areas. 

Related work by CEPAL, FAO, and IICA (2012) and IFAD (2016) con-
firmed and expanded evidence regarding several of those trends, including 
the increase in nonagricultural rural activities, with a larger presence of wom-
en’s employment and growth in urban residence among agricultural workers 
(CEPAL, FAO, and IICA 2012). The latter trend has been helped by bet-
ter rural infrastructure: for instance, the level of rural electrification in LAC 
has reached 88 percent of the population (against 71 percent for all develop-
ing countries and 73 percent for the world as a whole), while the number of 
mobile phone subscriptions in LAC is above the average for developing coun-
tries and the world (World Bank 2018). 

Value chains have also been significantly modified by different waves of 
changes in the processing and retail segments (see Chapter 12). The larger 
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South American countries, which were more advanced in their development 
and urbanization, saw a surge of foreign direct investment (FDI) in the pro-
cessing sector in the mid-1980s to early 1990s (after the process of liberaliza-
tion and privatization of those years), while retail transformation started in 
the early 1990s. Mexico and Central America followed later, with retail trans-
formation starting only in the middle to late 1990s (Reardon and Timmer 
2012). 

In the processing sector, in addition to the traditional milling and 
meat-packing industries, there has been a more recent advance of large con-
glomerates, particularly in beef, poultry, and pork production. The expansion 
of FDI related to processed and packaged products has been transforming sev-
eral value chains (Bolling and Gehlhar 2005). On the input side, international 
seed companies and other providers have expanded in the region, providing 
technology mainly for cereals and oilseeds. Machinery and irrigation compa-
nies have also extended their operations in the region. 

On the retail side, the most important change has been the supermarkets 
restructuring whole food chains, including both processed and fresh products 
(Reardon and Timmer 2012). In LAC the expansion of supermarkets started 
earlier and has proceeded further than in other developing regions: in the 
1990s, retail was dominated by domestic firms, with supermarkets covering 
about 10–20 percent of national food retail sales, but by 2000 supermarkets 
had increased their share to 50–60 percent and, in many countries, have lately 
been penetrating national food retail at rates that took several decades to 
achieve in the United States. Brazil has the highest share of supermarkets, fol-
lowed by Argentina, Chile, Costa Rica, Colombia, and Mexico. The advance 
of supermarkets was faster in processed, dry, and packaged foods but has also 
been increasing in fresh products, including vegetables, fruits, and different 
types of meats. Still, the share of supermarkets in fresh foods was estimated 
to be about half their share in packaged foods (Reardon and Berdegué 2002). 
But supermarkets in Latin America buy about 2.5 times more of some fresh 
products, such as fruits and vegetables, from local producers than are exported 
to world markets (Reardon and Berdegué 2002). It has also been noted that 
the expansion of supermarkets has been driven by FDI, and according to some 
estimates in LAC, multinational chains constitute about 70–80 percent of 
the top five chains in several countries (Reardon and Berdegué 2002).  

A related debate has been about whether small and family farms may ben-
efit from the advance of supermarkets and from integrating in value chains 
such as those for fruits and vegetables. Several studies (see Chapter 11) suggest 
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that small farmers (and not just large farmers) sell to supermarket chains 
because the chains use a combination of specialized wholesalers and tradi-
tional wholesale markets; those small farmers with the assets or investments 
needed for consistent and quality supply (irrigation, road access, and edu-
cation) tend to benefit more (see also Michelson 2013 for Nicaragua); and 
the farmers selling to supermarkets report moderate to substantial gains in 
incomes compared with nonparticipants (although at times the gain may not 
be higher prices but risk reduction).32

Concluding Remarks
Although, as noted, LAC is a heterogeneous region, it still has enough internal 
similarities in its geography and history to present a clear contrast with other 
developing regions considered in this book. 

First, the pattern of occupation during colonial times and the integration 
with the world economy has defined the unequal structure of land ownership 
and the evolution of the agriculture sector in LAC. World markets and global 
developments, instead of domestic markets, have a stronger impact on agricul-
tural developments. Changes in production took place within agrarian struc-
tures showing large inequalities in land tenure, with small farms fragmenting 
further and large landholdings expanding, which at times put pressure on 
land owned by family farms and local communities. There have also been 
important developments in rural labor markets, with more salaried employ-
ment, the expansion of nonagricultural rural activities, and a differentiated 
role for women’s labor. The combination of high inequality and strong out-
ward orientation is peculiar to LAC.

Second, LAC has seen greater experimentation with, and changes of, eco-
nomic and social policies. The policies of supporting import substitution 
industrialization after WWII were later reversed, and now the region is fol-
lowing macro, trade, and agricultural policies that in many countries may have 
shifted toward greater support for the agriculture sector. Regarding social pol-
icies, LAC pioneered conditional cash transfers that helped reduce poverty 
and inequality (but see below).

32 And additional debate relates to whether increased globalization of value chains may raise 
prices of specialty food products and have negative welfare effects at the household level in some 
countries, as it has been argued in the case of quinoa in Peru. However, regarding this partic-
ular product, Bellemare, Fajardo-Gonzalez, and Gitter (2018) do not find evidence of harmful 
effects on local households, and rather the opposite seems to be true.
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Third, with regard to socioeconomic conditions, LAC experienced 
improvements in income per capita and education and health indicators, 
along with declines in poverty rates, which places LAC at clearly better levels 
than the average for Asian and African developing countries. The incidence 
of poverty in rural areas is larger than in the cities, but because LAC coun-
tries have become the most urbanized in the world (another difference from 
other regions), the greatest concentration of poverty occurs in urban centers 
in the region. Indigenous populations and Afro-descendants are still among 
the poorest groups in the society. At the same time, LAC shows some of the 
highest levels of inequality in the world, which starts with large inequalities in 
land tenure and wealth in general.

Fourth, LAC has moved further along than other developing regions in 
the nutrition transition. Undernourishment has declined significantly, but 
in some cases the lack of micronutrients is still important. Furthermore, the 
large economic and social costs associated with the diet-related health problem 
of growing overweight and obesity rates constitute some of the most signifi-
cant food policy challenges ahead for the region.

Fifth, value chains have also evolved significantly, with increased urban-
ization and a larger presence of intermediate cities and with agricultural and 
agro-industrial activities increasingly controlled by large agricultural opera-
tors, input companies, agro-industrial processors, and supermarket chains. In 
general, agricultural markets are more modernized and integrated in LAC 
than in other developing regions. 

Sixth, LAC’s agriculture sector has had relatively strong performance 
during the last five to six decades, outpacing global growth in food availability, 
while agricultural production increased its share of global output from about 
10 percent in the 1960s to about 13 percent in the 2010s. This increase resulted 
to a large extent from agricultural expansion in Brazil. During the 2000s, 
LAC also became the world’s main net food-exporting region, supported 
mainly by the net trade surpluses generated by Brazil and Argentina. Policy 
changes related to macroeconomic stabilization and liberalization led to a sig-
nificant diversification of agricultural production, which has been reflected in 
important changes in the structure of exports: the share of traditional prod-
ucts (such as coffee, cocoa, sugar, and textiles) in total exports declined, while 
that of fruits and vegetables, oilseeds, and meat products increased.

Seventh, those gains in LAC’s agriculture have been driven in part by 
productivity improvement but also resulted from a significant expansion 
of agricultural area over the last half century. This is another differential 
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characteristic of LAC: the region has contributed to a third of the global 
increase in agricultural land (crops and pastures) since the 1960s and also 
accounted for some 80 percent of global deforestation from 1990 to 2015, 
which has resulted in land-use change contributing more to LAC’s greenhouse 
gas (GHG) emissions than any other source. Another worrisome consequence 
of rapid land-use change is the pressure on LAC’s globally important reser-
voirs of biodiversity. A similarly fast-paced expansion of LAC’s agricultural 
area will be difficult to repeat in the future without affecting climate change 
and biodiversity.  

The combination of the previous two points is another crucial difference 
between LAC and other regions, developing or developed: the region’s perfor-
mance has important global implications because of the dual role it plays by 
contributing both to the world’s food security (as the main net food exporter 
region) and to environmental sustainability at the national and global levels 
(as the main provider of a variety of environmental public goods such as car-
bon sinks, oxygen, and biodiversity). Over the long term, sustaining LAC’s 
dual role will require substantial investment in agricultural R&D, infrastruc-
ture, and governance of natural resources (Díaz-Bonilla et al. 2014). Failure to 
take adequate measures regarding efficiency, productivity, and sustainability 
will have far-reaching implications for the world if LAC cannot continue per-
forming its double global functions in support of food security and environ-
mental public goods.

Public investment in agricultural R&D has increased somewhat, particu-
larly over the last decade. But LAC’s average ratios are well below the levels of 
developed nations, and a few countries, notably Brazil, account for much of 
the improvements, as investment has declined in the smaller and poorer coun-
tries that are most in need of agricultural R&D.

This review tried to highlight the complex challenges for LAC countries 
regarding their agricultural and rural development. Powerful socioeconomic 
drivers could keep this region and the world on a business-as-usual path that 
appears unsustainable. Reshaping those trends requires multiple interventions 
that include but go beyond the agricultural sector. Governments need to take 
a broader agrifood systems approach to attain the desired objectives related to 
growth, employment, poverty and inequality alleviation, health and nutrition, 
and environmental sustainability, acknowledging trade-offs and strengthen-
ing R&D, innovation, and knowledge activities. 

If LAC countries fail to address those challenges, not only will the region 
suffer, but the negative consequences will be felt globally.  
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AGRICULTURAL DEVELOPMENT AND FOOD 
SECURITY IN EASTERN EUROPE  

AND CENTRAL ASIA

Saule Burkitbayeva, William Liefert, and Johan Swinnen

The transition countries of Eastern Europe and Central Asia (ECA) are often 
jointly grouped (as they are in this chapter) because of their common insti-
tutional history. However, this is a very heterogeneous set of countries, in 
terms of their geography, culture, political systems, general economic devel-
opment, and agricultural development and potential, as shown in Table 7.1. 
This table groups the countries by (sub)region, and we will use these groups 
to examine some of the main changes during transition and future poten-
tial developments.

These countries’ economic and institutional transformation in the 1990s 
and 2000s had a dramatic impact on their land use, food production, pov-
erty, and food security. However, the pace and current stage of transition 
from socialist-planned to market economy differ strongly between countries. 
Some are now full market economies (such as the Eastern European countries 
within the European Union [EU]). However in others (such as Belarus and 
Uzbekistan), state regulation and control are still widespread. Yet, for the vast 
majority of countries in the region, the economic liberalization and transition 
caused dramatic changes in agricultural productivity, output, and consump-
tion, as well as in the food system.

In many ECA countries, food security worsened and poverty increased 
during the transition process in the 1990s. However, since 2000 the ECA 
region has experienced significant growth and rising incomes, which have sub-
stantially reduced poverty and undernourishment and improved food security. 
Yet, undernourishment remains a problem in some of the poorer Caucasus 
and Central Asian states. Diets are also of low quality in many of these coun-
tries, resulting in micronutrient deficiencies. On the other hand, as ECA 

 This study was supported by the Methusalem program of KU Leuven and by the Economic 
Research Service of the US Department of Agriculture (USDA). The findings and conclusions 
in this chapter are those of the authors and should not be construed to represent any official 
USDA or US Government determination or policy.
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countries become richer and work becomes more sedentary, they are experi-
encing the challenge of overweight and obesity.

Eight Eastern European countries joined the EU in 2004, and three 
more have joined since. The agricultural development issues in these coun-
tries are now intertwined with the agricultural policies and general develop-
ment challenges in the EU. These are quite different from the challenges and 
opportunities facing the transition countries farther east. For the purposes 
of this chapter, we therefore focus mostly on the non-EU transition countries 
and refer to these with the term ECA. However, within these, in more east-
ern ECA countries there is still much heterogeneity. Some of these countries 
have relatively higher incomes, have a comparative advantage in grain pro-
duction, and are dominated (especially in land use) by large farms. Examples 
are the Russian Federation, Ukraine, and Kazakhstan. Another group have 
much lower incomes, face more severe food security problems, and are dom-
inated by small-scale farms. Examples are Albania, Tajikistan, Kyrgyzstan, 
and Armenia. As Figure 7.1 shows, these poorer countries have many peo-
ple working in agriculture and a large share of gross domestic product (GDP) 
from agriculture.

The ECA region is important both for its production potential and food 
security challenges on the consumption side. The region is a major food 
producer, in particular of grain and dairy goods. For example, it produces 
12 percent of the world’s milk, the same as the United States. The region’s 
share in global agricultural trade is just below 10 percent (8 percent of world 
imports and 9 percent of exports). The region’s status as a major producer 
and exporter of grain, and especially wheat, has attracted particular atten-
tion during the global food security debate over the past decade. The region 
accounts for 9 percent of world grain production and 18 percent of world 
wheat production (twice the US production of 9 percent). It is a major player 
in international grain markets, as it supplies 15 percent and 22 percent of 
global grain and wheat exports. The Russian Federation, Ukraine, and 
Kazakhstan (RUK) account for almost all of those exports.

Some specialists have argued that these countries could become a “bread-
basket” for the world because of their potential to increase their already large 
volumes of grain production and exports by exploiting their “immense land 
and yield reserves” (Glauben et al. 2014). The decline in agricultural land 
use during the transition years of the 1990s was huge: between about 50 and 
60 million hectares of land were abandoned, equal to around 50 percent of 
current land use within the RUK. However, there is considerable uncertainty 
about the economic and environmental feasibility of returning all this land to 
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production, as well as actual yield potential (Kraemer et al. 2015; Liefert and 
Liefert 2015).

Analyzing the region’s potential to increase world food production, and 
how its agricultural development can contribute to world poverty reduc-
tion and food security, requires an understanding of its recent economic and 
agricultural transformation. Therefore we begin our chapter with a concep-
tual framework of the transition process and its implications, followed by an 
empirical examination of how agricultural production and productivity have 
evolved during transition and how these evolutions are related to changing 
farm structures and value chains. We then draw on these insights to discuss 
the future production and export potential. Then, we discuss the improve-
ments, persisting problems, and new challenges in food security and nutrition 
of the region. Next, we discuss key agricultural, food, and nutrition security 
policies. The last section draws conclusions.

FIGURE 7.1 Share of agriculture in GDP and employment in 2016

Czech Rep. 

Hungary 

Poland 

Slovakia 

Albania 

Bulgaria 

Romania 

Slovenia 
Estonia 

Latvia Lithuania 
Belarus Russian Federation 

Ukraine 

Armenia
Azerbaijan 

Georgia 

Kazakhstan 

Kyrgyzstan 

Tajikistan 

Turkmenistan 

Uzbekistan 

0

10

20

30

40

50

0 5 10 15 20 25

Ag
ric

ul
tu

re
 v

al
ue

-a
dd

ed
 (%

 o
f G

DP
)

Agricultural employment (% of total)

Source: World Bank (2019); ILO (2014).
Note: Data for Turkmenistan is for 2010.

AGRICULTURAL DEvELOpMEnT AnD FOOD SECURITy In EASTERn EUROpE AnD CEnTRAL ASIA  237



The Transition Process and Its Implications  
for Agricultural Development

Conceptual Framework

The ECA countries have a common systemic and institutional history, and 
the move from a centrally planned to a more market-oriented economy 
that began around 1990 strongly affected all these states’ agricultural sec-
tors. To illustrate and examine key aspects of the agricultural transition pro-
cess important for this chapter, we use a simplified version of the conceptual 
model of Swinnen and Rozelle (2006).

Consider a socialist farming system in which farms produce output q with 
input x. Socialist farms were technically inefficient because (1) the govern-
ment was typically less efficient than the market in how it allocated inputs, 
and (2) production was organized in state-owned collective farms, where 
managers and workers had less incentive to give optimal effort (Johnson and 
Brooks 1983). This second source of technical inefficiency—poor incentives—
is illustrated in Figure 7.2a where the production functions are q = f (x) for 
a farm operating privately in a market economy and qo = fo(x) for a socialist 
farm. A second form of inefficiency (allocative) was that prices set by the gov-
ernment for inputs and output deviate from market prices. In ECA, planners 
typically set output-input price ratios higher than what a market-based system 
would generate, thereby subsidizing producers. The output-input combination 
of a farm facing the distorted prices represented by the relative (output-input) 
price line tangent to the production frontier is given in Figure 7.2a by point 
A.1 Price and market liberalization removed subsidies, and the farm moved 
from point A to point B, with the (steeper) price line now representing market 
prices. Output and input use both fell. With property rights reform, the pro-
duction function shifted from fo(.) to f(.), that is, from point B to point C.

However, the shift from A to B and C did not go smoothly. Price liberaliza-
tion and property rights reforms occurred in an environment characterized by 
imperfect information and weak institutional support. Transition, especially 
in the early reform years, was characterized by the breakdown of institutions 
of exchange and the rise of transaction costs. The disruptions can be modeled 
as a downward shift in the production function, to q = fd(x). A “perfect” prop-
erty rights reform would induce a shift from point B to C. However, with dis-
ruptions, the initial reform impact induced a move from point B to D; instead 

1 Even if planners did not set output prices high relative to input prices, price ratios within the 
closed economy would differ from those of goods traded on world markets.
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of increasing inputs and output, property rights reforms caused a decline. 
These disruption effects were particularly important in countries with capital- 
intensive agricultural systems that were part of a complex network of input 
supply chains and output procurement or processing channels.

Price (and market) liberalization was also accompanied by disruptions 
due to the elimination of planning and the disorganization of institutions of 
exchange. Hence, when liberalization occurred, relative price shifts were driven 
not only by the move toward world market prices but also by institutional 
disruption caused by increased transaction costs. Rising transaction costs 
depressed output prices and raised farm input prices, thereby leading to deteri-
orating terms of trade (between output and input prices) at the farm level. This 

FIGURE 7.2 Transition process and its implications

a. Production allocations and productivity

b. Dynamic output changes
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is reflected in a steeper relative price line and a move to point E or G. While 
the mechanism is different from that caused by the disruptions associated with 
property rights reform, the effect is the same: a fall in input use and output.

There are also important dynamic effects, as the disruptions from transi-
tion were likely to have a different time sequence than the efficiency gains. In 
the words of Kornai (2000): “Transition calls for creative destruction. Because 
destruction is rapid, whereas creation proceeds more slowly, the two pro-
cesses led to deep recession.” Figure 7.5b illustrates this dynamic (with the let-
ters consistent with those in Figure 7.2a). Prior to reform, farms are at point 
A. With price reform, output declines and farms move toward the allocatively 
efficient point B. Property rights reform initially mainly creates disruptions, 
such that in the early phase of transition, farms actually become more inef-
ficient (point D). Market liberalization also creates initial disorganization, 
and the rising transaction costs exacerbate the falling terms of trade, moving 
farms to point G. As the reforms proceed and succeed, property rights reforms 
strengthen incentives, and the reorganization of input supply chains, output 
procurement, and processing channels improves the provision of inputs that 
originally were supplied by the state, allowing farms to increase their technical 
efficiency. Also, emerging and more effective institutions of exchange reduce 
transaction costs, improving farms’ real terms of trade and allocative effi-
ciency, inducing a shift from G to H and C.

After this dynamic process, technical and allocative efficiency increased at 
the end of the process, as average productivity. In Figure 7.2a, the average pro-
ductivity, q/x, is represented by the slopes of the OA and OC lines. Both price 
and property rights reforms increase average productivity from OA to OC, 
with the two reforms reinforcing each other in terms of productivity growth.

However, while average productivity increases, the input and output 
effects are ambiguous. Price and property rights reform work in opposite 
directions on input use and output. In Figure 7.2a, the net impact of the 
combined reforms on output is negative (qC < qA ), and on input use strongly 
negative (xC << xA ). This net effect depends on the shape of the produc-
tion function and on the relative size of the technical inefficiencies and pre- 
reform subsidies. Output and input use decline due to the price reform, but 
they increase with technical efficiency gains stemming from property rights 
reforms. This implies that efficient output and input use (including land) may 
well be (substantially) below the levels under the distorted socialist system.

In the rest of this section we present data that show an evolution consistent 
with this model, albeit the dynamics and levels of decline and recovery dif-
fered among countries and commodities.
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Decline during Transition

Actual agricultural production followed the J-curve of Figure 7.2b but with 
considerable variation among countries. In the first years of transition, gross 
agricultural output strongly decreased throughout ECA (Figure 7.3), vary-
ing from −25 percent in the Balkan countries to −45 to −55 percent in the 
Baltics and the European Commonwealth of Independent States (CIS, which 
includes the Russian Federation and Ukraine).

The large-scale reduction of subsidies resulted in a huge deterioration in 
agricultural producers’ terms of trade: input prices rose relative to output 
prices, and output prices fell to world prices. For example, from 1991 to 1997, 
the terms of trade of Russian farms fell by about 75 percent, and input use 
(for example, fertilizer) declined by 70 percent (OECD 1999). Fertilizer use 
declined dramatically in all ECA countries in the early transition years, in 
response to price changes and supply chain problems. The decline in fertilizer 
use and crop prices generated a strong drop in crop yields. In most ECA coun-
tries, grain yields decreased between 20 and 30 percent (Figure 7.4).

Especially hard hit was the highly subsidized livestock sector. The down-
sizing of the livestock sector substantially reduced countries’ demand for ani-
mal feed, which in turn lowered local grain production as well as imports of 
grain and soybeans needed for feed (Liefert and Swinnen 2002). As a result, 
countries such as the Russian Federation became meat importers and grain 
exporters (discussed more below). These countries thereby restructured their 
livestock and grain sectors consistent with their agricultural comparative 
advantage in the world (Liefert 2002).

Recovery

Countries also differed as to when recovery started. In some countries (for 
example, the Czech Republic, Poland, Albania), recovery began around 1993, 
while others (for example, the Baltics and European CIS) experienced more 
than a decade of falling output, with the rebound beginning as late as 2001. 
The production recovery was also uneven. As Figure 7.3 illustrates, current 
agricultural output in ECA varies from −30 to +30 percent of the pre-reform 
level, with the Caucasus and Central Asian regions doing best by this measure.

The magnitude of the output rebound has also varied by commodity. For 
example, wheat production in the region fell from 101 to 86 million tons from 
the beginning to end of the 1990s but rose strongly in the following years.2 

2 Tons are metric tons throughout.
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FIGURE 7.3 Evolution of gross agricultural output (GAO) (index, 1990 = 0)
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FIGURE 7.4 Evolution of grain yields (index, 1990 = 0)
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The increase was most spectacular in the main producing countries (the 
Russian Federation, Ukraine, and Kazakhstan; Table 7.2).

The recovery in grain production has been driven largely by increased 
yields and fertilizer use since 2000 (though use per hectare is still consider-
ably below the pre-reform levels). Depending on the country and region, grain 
yields are currently between −10 and +35 percent of the pre-reform level. 
Figure 7.5b and Figure 7.5c show the correlation between the growth in fertil-
izer use and grain yields in RUK.

Livestock production has not recovered as well in the larger ECA coun-
tries, consistent with the argument that these countries have a comparative 

TAbLE 7.2 Agricultural production in Eastern Europe and Central Asia (ECA), 1989–2015 
(three-year average in million tons)

1989–1991 1995–1997 2001–2003 2007–2009 2013–2015

Grain production

Kazakhstan 19.76 10.97 15.55 18.86 17.89

Russian Federation 103.54 73.77 79.63 95.62 99.70

Ukraine 46.96 31.33 32.91 42.83 63.03

Wheat production

ECA — 94.10 107.86 135.43 —

Kazakhstan 11.29 7.71 12.31 15.35 14.17

Russian Federation 44.17 36.43 43.90 58.29 55.90

Ukraine 26.31 16.07 15.17 20.24 24.30

Meat production

ECA — 16.67 15.31 17.66 —

Kazakhstan 1.55 0.85 0.67 0.87 1.57

Russian Federation 9.86 5.33 4.7 6.25 9.07

Ukraine 4.27 2.09 1.63 1.91 2.37

poland — 2.84 3.09 3.38 4.07

Milk production

ECA — 91.56 87.63 91.02 —

Kazakhstan 5.57 3.86 4.12 5.19 5.00

Uzbekistan — 3.48 3.80 5.43 —

Russian Federation 54.48 36.42 33.26 32.37 30.80

Ukraine 23.76 15.62 13.74 11.88 11.07

poland — 11.82 11.90 12.34 12.97

Source: FAO (2015a); Kazstat (2016); Rosstat (2016); Ukrstat (2016).
Note: — = data not available.
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disadvantage in producing livestock products. In many ECA countries, meat 
and dairy output in 2013–2015 was still below the levels of 1989–2001. After 
falling from 20.8 million tons in 1992–1994 to 15.0 million tons, ECA meat 
production rose to 19.8 million tons in 2010–2012. However, that figure is 
still well below the late socialist level. Total ECA milk output had the same 
trajectory, dropping from 107 million tons in 1992–1994 to 85 million tons 
in 1998–2000, and then rising to 91 million tons by 2012–2014. Yet, that vol-
ume is also still below the pre-reform level.

FIGURE 7.5 Land use, fertilizer use, and grain yields in the Russian Federation, Ukraine, and 
Kazakhstan
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Diverging Growth Patterns

As already emphasized, the development of agriculture in recent years differs 
quite strongly among countries. The heterogeneity in recovery and growth 
patterns is clearly illustrated with the use of labor-land productivity dynamics, 
following Hayami and Ruttan (1971). Figure 7.6 summarizes the labor and 
land productivity development.

FIGURE 7.6 Land and labor productivity in Eastern Europe and Central Asia
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One growth pattern is that of an agriculture sector where large farms play 
a significant role and growth has come mostly from (very strong) labor pro-
ductivity growth. This pattern has been followed by Slovakia, the Czech 
Republic, and Hungary, while recently Bulgaria and Ukraine are joining it.

A very different pattern is followed by poorer countries dominated by 
small farms (such as Albania, Armenia, Tajikistan, Georgia, and Kyrgyzstan). 
However, in these countries output per hectare has risen much more than in 
the first pattern, due to intensive use of inputs on smaller farms.

Countries such as Poland (and to a lesser extent Romania) are a mix, as 
growth has come from both higher land and labor productivity, though pro-
ductivity growth has been limited in both directions. These countries are 
characterized by a majority of smaller farms, a sizable share of large farms, and 
relatively rich economies (compared with the ECA average).

To sum up, in the ECA region, a high (or low) land-labor ratio is more 
likely to be associated with a high (or low) capital-labor ratio and growth 
in labor productivity (or land productivity) as a result of labor shedding 
(absorption).

Growth Patterns and Farm Structures
As is clear from the discussion above, changes in countries’ agricultural pro-
ductivity are associated with their farm structures. The ECA region is now 
characterized by strong heterogeneity in farm structures: in some countries 
smallholders and family farms dominate, while in others large farms play an 
important role. There is no simple East-West divide in this. In Central Europe, 
large farms hold most of the land in Slovakia and the Czech Republic, while 
family farms dominate in Poland and Slovenia. In Central Asia, large farms 
are important in the northern parts of Kazakhstan while small farms are sig-
nificant in southern Kazakhstan, Kyrgyzstan, and Tajikistan.

The emergence of different farm structures is to an important extent 
“endogenous” to the transition process. The nature of the commodity and 
factor market imperfections appears to have played a significant role in the 
evolution of the farm structures. Large farms dominate in extensive crop culti-
vation (including grains) in the Russian Federation, Ukraine, and Kazakhstan. 
Many of these farms are part of large-scale vertically integrated agroholdings. 
These farms and agribusiness structures have emerged as a consequence of the 
specific privatization programs in these countries, the simultaneous finan-
cial constraints in agriculture, and the inflow of capital from other sectors 
of the economy (Serova 2007). Vertical integration resulted from the need to 
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overcome financial constraints at the farm level and the better access to cap-
ital in commodity trading (World Bank 2005; Swinnen 2009). The shift to 
small-scale farming has been lowest in labor-extensive production systems and 
strongest in labor-intensive production systems. Small farms have also served 
as a labor-absorbing institution during transition, thereby contributing to a 
divergence of farm structures (Dries and Swinnen 2002; Swinnen, Dries, and 
Macours 2005). This was most important in the poorer countries, so there is 
some correlation between farm sizes and GDP per capita (Figure 7.7).3

In Central Europe, a rapid restructuring of farms combined with labor 
shedding has been strongly associated with labor productivity growth 
(Figure 7.8). In other ECA countries, agricultural labor productivity (ALP) 
was substantially lower and agriculture provided a buffer during transition, 
in terms of both labor allocation and food security. In some of the poor-
est countries, such as Tajikistan, agricultural employment remains very high 
(Figure 7.1) with high labor use on small farms. In fact, Figure 7.9 illustrates 
the negative correlation between the share of smallholder farms and labor pro-
ductivity in ECA agriculture.

Today, most countries have a mix of large- and small-scale farms. Some of 
these differences reflect disparities in natural resources or commodity charac-
teristics.4 Table 7.3 documents the share of smallholders in land use and agri-
cultural production. For most CIS countries, statistics distinguish between 

“agricultural enterprises,” “individual farms,” and “households.” For the 
Central and Eastern European (CEE) countries, statistics distinguish “family 
farms” (as a subcategory), “farms less than 2 hectares,” and larger farms. If we 
identify “smallholders” as “households” in CIS and “farms less than 2 hect-
ares” in the CEE, these farms use less than 3 percent of land in CEE and have 
produced around 6 percent of output in recent years. The main exception 

3 Slovenia is an outlier in Figure 7.7, with high incomes and only small farms. This is because in 
Slovenia, as part of the former Yugoslavia, farms were never collectivized into large-scale com-
munist farms as in the other ECA countries (the other exception being part of Poland, where 
small-scale farms also survived Communist rule).

4 There is also remarkable variation in how farms have adjusted labor use during transition. In 
some countries, farms absorbed labor, while in other countries farms massively shed labor, even 
in the early years of transition. The differences are large: from a strong increase in some of the 
Central Asian countries to a dramatic decline of more than 50 percent of official employment 
in Central Europe. We observe such large differences not only between very different regions, 
but also within regions and even within countries. For example, on average the outflow of labor 
in Poland was much lower than in neighboring Slovakia and the Czech Republic, but within 
Poland there were huge differences between regions (Dries and Swinnen 2004; Swinnen, Dries, 
and Macours 2005). See also the discussion in the next section.
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FIGURE 7.8 Agricultural labor productivity (ALP) (index, 1990 = 0)
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FIGURE 7.7 GDP per capita versus share of large farms in land use in Eastern Europe and 
Central Asia
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is Romania, where they use 12 percent of land and produce 24 percent of 
output.5

Household producers are more important in CIS. On average, they use 
13 percent of land and produce 50 percent of output. As the output-land indi-
cator shows, smallholders typically produce around twice as much output per 
unit of land in both CIS and CEE.

These transition processes thus contributed to large differences in labor 
productivity in agriculture. Figure 7.9 illustrates how today’s agricultural labor 
productivity, on average, is much higher in countries with fewer smallholders.

Almost everywhere, the importance of smallholders in agriculture has 
fallen and often strongly so, as shown in Figure 7.10 for CIS and CEE on 
average. Between 2003 and 2016, on average, the share of smallholders in 
both land use and output fell by more than 50 percent in Eastern Europe 
(Figure 7.10). With one exception (Romania), their share in land use is now 
less than 5 percent in all Eastern European countries. In the CIS, their share 

5 Family farms as a whole are much more important in CEE, using the majority of the land in sev-
eral countries and producing between 17 and 91 percent of output. There are large differences 
between countries, with family farms more important in Poland and Slovenia and less impor-
tant in Slovakia and the Czech Republic (Table 7.1).

FIGURE 7.9 Agricultural labor productivity and smallholders in Eastern Europe and Central 
Asia

Czech Rep

Hungary

Poland

Slovakia Bulgaria

Romania

Slovenia

Estonia

Latvia

Lithuania

Russian Federation

Ukraine

Azerbaijan

Kazakhstan
Kyrgyzstan

Tajikistan
0

5,000

10,000

15,000

20,000

25,000

30,000

35,000

0 10 20 30 40 50 60 70 80 90 100GA
O 

pe
r w

or
ke

r e
m

pl
oy

ed
 in

 a
gr

ic
ul

tu
re

 (U
S$

/w
or

ke
r)

 

Smallholder share in GAO

Source: Eurostat (2018); Burkitbayeva and Swinnen (2018); FAO (2019).
Note: GAO = gross agricultural output. “Smallholders” refers to “farms with less than 2 ha of land” for CEE and “households” 
in CIS statistics.

AGRICULTURAL DEvELOpMEnT AnD FOOD SECURITy In EASTERn EUROpE AnD CEnTRAL ASIA  249



in output declined by 17 percent between 2000 and 2015, and the decline was 
most rapid in recent years (−10 percent between 2010 and 2015).

The more extensive reduction of smallholders in the past decade in CEE 
(compared with CIS) is most likely a combination of several effects. First, 
stronger growth in CEE was associated with stronger demand for labor (or, 
in other words, the supply of better-paying jobs) in the rest of the economy. 
Second, while CEE agriculture as a whole benefited from increased subsidies 
through the EU’s Common Agricultural Policy, these subsidies were biased 

TAbLE 7.3 Area used and agricultural production by smallholders and family farms

Smallholders Family farms

Smallholder 
output/land  

ratio

Utilized 
agricultural area 

(% of total)

Agricultural 
output  

(% of total)

Utilized 
agricultural area 

(% of total)

Agricultural 
output  

(% of total)

Bulgaria 1.6 7.6 38.0 51.8 4.7

Czech Republic 0.1 0.5 30.5 22.8 5.0

Estonia 0.2 0.3 44.3 29.3 1.5

Latvia 0.6 1.6 87.4 80.1 2.7

Lithuania 1.1 2.3 86.8 77.8 2.1

hungary 2.0 5.6 53.0 48.7 2.8

poland 2.9 3.5 90.9 91.1 1.2

Romania 12.3 23.9 55.7 70.5 1.9

Slovenia 4.0 6.2 94.6 89.9 1.6

Slovakia 0.4 0.8 19.4 17.4 2.0

Average CEE 2.5 5.2 60.1 57.9 2.1

Russian Federation 4.3 37.4 30.5 48.5 8.7

Ukraine 30.5 44.9 45.3 — 1.5

Belarus 7.6 19.8 9.5 21.7 2.6

Republic of Moldova — — 49.6 58.0 —

Azerbaijan — — 93.6 92.7 —

Kazakhstan 1 52.1 39.2 79.4 52.1

Kyrgyzstan 10.2 36.3 95.2 98.1 3.6

Tajikistan 25.0 41.3 82.7 94.2 1.7

Uzbekistan 12.9 65.0 97.6 98.0 5.0

Average CIS 13.1 49.7 60.4 73.8 3.8

Source: Burkitbayeva and Swinnen (2018). Reprinted by permission of the publisher; this table is not covered by the CC By 
4.0 license.
Note: — = data not available; CEE = Central and Eastern European countries; CIS = Commonwealth of Independent States. 
numbers for smallholders refer to “farms with less than 2 ha of land” for CEE in Eurostat statistics and “households” in CIS 
statistics. numbers for family farms refer to “single holder farms” for CEE in Eurostat statistics (latest available year 2013) 
and “households” and “individual farms” combined for CIS statistics.
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toward larger farms and stimulated higher input costs (including land prices), 
both of which may have hurt smallholders’ competitive position. Third, EU 
accession required the introduction of strict safety and quality standards 
throughout the value chains, both through public (EU) regulations. Fourth, 
(the expectation of) EU accession stimulated large inflows of foreign direct 
investment (FDI) into the CEE economies and the food system. This was 
associated with the introduction of stringent private standards that were 
sometimes difficult for smallholders to implement. Fifth, extensive FDI in 
the food system also involved the arrival of hard discounters in CEEs, which 
pushed down the price of basic products, including food, thereby reducing the 
attractiveness of “make versus buy,” that is, household subsistence food pro-
duction. All these factors have contributed to the decline of smallholders.

FIGURE 7.10 Share of smallholders in production in Eastern Europe and Central Asia
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Market Imperfections, Value Chains,  
and Investments in Agribusiness  
and Food Companies
Agricultural productivity growth has been strongly influenced by value- 
chain investments, up- and downstream from the farms. These invest-
ments have been motivated by a combination of market imperfections 
(especially in capital, inputs, and technology markets) and the introduc-
tion of quality standards by modern food processing and retail compa-
nies. Access to output and input markets was an important constraint for 
farms in ECA and still is in some countries. The evolution of the food 
value chain is discussed in Chapter 12, whereas the role of contract farm-
ing between food processors/agribusiness/supermarkets and farmers is dis-
cussed in Chapter 11.

Private investments in agribusiness, food processing, and retail companies 
led to important restructuring in production, trading, and marketing systems 
and in the integration of farms in value chains in ECA. Contracting and ver-
tical coordination in these supply chains played an important role in this pro-
cess (Gow and Swinnen 1998). Dries et al. (2009) document the rapid growth 
of vertical coordination in Eastern European value chains to overcome input 
and capital constraints of the farms and ensure high-quality raw material for 
the dairy processors. One reason for the emergence of large vertically inte-
grated agroholdings in the Russian Federation, Ukraine, and Kazakhstan 
was to counter the high transaction costs and supply uncertainty that existed 
because of weak infrastructure (physical and institutional) and commercial 
support services for market agriculture.

Vertical coordination in the ECA region included a variety of institutional 
innovations, such as provision of credit, inputs, and quality control. These 
programs are believed to have triggered major technology transfer, produc-
tivity growth, and improvements in product quality at the farm level (Gow, 
Streeter, and Swinnen 2000; Dries and Swinnen 2004, 2010; Noev, Dries, 
and Swinnen 2009).

Investments in the value chains often came from foreign companies, espe-
cially in Eastern Europe where Western European agribusiness, food pro-
cessing, and retail companies were eager to invest. They were attracted by the 
closeness of the markets, the relatively high incomes of the population, and 
the (expected) integration into the EU. In the Russian Federation, some of the 
most important investments in the value chains came not from foreign com-
panies but from domestic financiers who got access to capital from profits in 
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other sectors, such as trading, banking, or oil and gas.6 These investments 
reduced capital constraints and thereby made access to inputs and technology 
easier and stimulated productivity growth in these chains.

Last, studies on the dynamics of smallholder integration in modern value 
chains in ECA find that (1) smallholders integrated into supply chains were 
upgrading in terms of technology, productivity, and size; and (2) the ones that 
were not growing were older households, keeping animals for household con-
sumption and without product standards required by the market (Van Herck 
and Swinnen 2015). This process of small though upgrading farms led by 
younger and more entrepreneurial types and the decline of small farms run by 
the elderly, either because they retire or can no longer (physically) farm, seems 
to be a common development across the more developed countries in ECA. In 
contrast, small poor farmers remain very important in the poorest ECA coun-
tries, such as Tajikistan, where investments in value chains are lagging.

Constraints on Land and Water Use
Transition led to substantial changes in land use. Land abandonment was 
caused by (1) the reduced profitability of farming from the drop in agricul-
tural subsidies and move to market prices and (2) uncertainty on land prop-
erty rights. Both developments affected how much land was used and how 
intensely it was cultivated (that is, how many other inputs were used along 
with it in production). Vranken et al. (2011) showed how land plots with 
uncertain ownership were more likely to be left abandoned or used less inten-
sively. Land abandonment was widespread in some countries.7 According to 
Kraemer et al. (2015), 45 percent of cropland in the former Soviet Union was 
converted to grassland between 1990 and 2000.8

6 In the RUK countries, much of the investment financing (and management) of the agroholdings 
came from sectors outside of agriculture.

7 Official data do not always present an accurate picture of the changes because they often do not 
distinguish between cropland and pastures.

8 For Russia alone, estimates of cropland abandonment vary from 20 million hectares to 
more than 40 million hectares: the estimate is 43.5 million hectares by Lambin et al. (2013), 
32 million hectares by Alcantara et al. (2013), and 20 million hectares by Ioffe, Nefedova, and 
Zaslavsky (2004). The disparities arise for several reasons: differences in the time periods and 
regions of measurement, the definitions of land abandonment used, and the quality of the data 
and heterogeneity of abandonment patterns in the regional estimates (Alcantara et al. 2013). 
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Estimates of abandoned cropland in RUK during transition vary between 
50 and 60 million hectares (Schierhorn et al. 2013; Meyfroidt et al. 2016; and 
RUK official statistics).

In addition, the process of transition led to a significant deterioration of 
infrastructure, most notably involving irrigation. Irrigation is a major compo-
nent of agricultural production, particularly in certain arid regions of Central 
Asia and the Caucasus subregion.

Irrigation problems were reinforced in some of these regions in Central 
Asia and the Caucasus by the shift to household farms. This process led to 
land fragmentation, which brought further challenges related to irrigation, 
as the existing infrastructure had been constructed for much larger units of 
production, such as kolkhozes and sovkhozes (Lerman 2010; Akramov and 
Shreedhar 2012). On-farm irrigation was left to be managed by smaller plots, 
creating problems in access to and management of irrigation infrastructure. 
This led to a complex set of formal and informal arrangements and problems, 
such as rent seeking, information asymmetry, and distrust between commu-
nity members (Akramov and Omuraliev 2009).

In order to deal with the changing landscape of farm structures and irriga-
tion needs, water users associations (WUAs) were established in some coun-
tries of Central Asia and the Caucasus. These were intended to regulate water 
allocation at the community level and ensure operation and maintenance of 
the on-farm irrigation and drainage infrastructure via in-kind and cash con-
tributions from the members. However, due to weak governance structures, 
financial mismanagement, and dwindling membership numbers, these proved 
to be largely unsuccessful (Wegerich 2008; Akramov and Shreedhar 2012; 
Zinzani 2015). In some countries, the introduction of irrigation water fees 
led to “elite capture” allowing certain groups to gain better access to irriga-
tion (Akramov and Omuraliev 2009). Some argue that the failure of WUAs, 
particularly in Central Asia, is associated with the way they were estab-
lished−via top-down approaches that precluded grassroot initiatives, experi-
ence, and incentive among the members (Abdullaev et al. 2010; Abdullaev 
and Atabaeva 2012). Most recent experimental evidence from Uzbekistan and 
Kazakhstan by Amirova, Petrick, and Djanibekov (2019) calls into question 
the top-down approach in current water policies of the region and suggests 
the superiority of endogenous cooperation and hence encourages the imple-
mentation of self-governed water management systems.

Problems with irrigation infrastructure also compound challenges asso-
ciated with soil quality, salinization, and waterlogging. With the increas-
ing frequency of weather extremes and aridity, improving irrigation water 
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management and efficiency of irrigation infrastructure remains important, 
not only for raising agricultural productivity, but also for improving the cli-
mate resilience of the sector.

Potential for and Constraints to Feeding  
the Region (and the World)
Agricultural output can grow through the use of more inputs (extensive 
growth) or through increased productivity (intensive growth) (Babcock 2015). 
As explained above, agricultural productivity covers many inputs, including 
labor and knowledge (human capital). However, the vast bulk of the literature 
on agricultural productivity in the ECA region focuses on land use (especially 
for grain) and yields. Many studies have pointed out that the widespread crop-
land abandonment in the ECA countries during the transition years represents 
large untapped agricultural production potential (EBRD and FAO 2008; 
Lambin and Meyfroidt 2011; Glauben et al. 2014; Meyfroidt et al. 2016).

Land Use Potential

There has been some recultivation of abandoned cropland in the past decade, 
primarily in areas with good agronomic conditions. However, land use is still 
much lower than during the pre-reform period. Compared with 1990, land 
use in 2015 was still 40 percent and 30 percent lower in Kazakhstan and the 
Russian Federation, though about the same in Ukraine (Figure 7.5a).

The recultivation of all idled cropland would dramatically increase total 
crop area. However, much of the abandoned land was farmed during the 
socialist period only because of the decisions of state planners, backed by 
heavy subsidies. Hence, there is no strong economic rationale for returning 
all this land to production. Liefert and Liefert (2015) find that most of the 
Russian Federation’s abandoned grain area was in high-cost regions of the 
country, especially in the north and east. Uzun et al. (2014) estimate that 
returning 19 million hectares of abandoned cropland to production in the 
Russian Federation would require grain export prices to rise to $400 per ton 
(with the average world market price for wheat from 2012–2015 being $200 
per ton). The authors also point out that the degree of grain recultivation on 
abandoned croplands in northern European Russia, that is, outside the fertile 
black soil areas, is low mainly because of biophysical constraints. Liefert and 
Liefert (2015) also argue that cropland recultivation in the Russian Federation 
might not necessarily lead to much additional grain production because of 
competing land demand from other crops, particularly oilseeds.
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Moreover, crop area that was abandoned in the 1980s or 1990s is often 
currently infested with deep-rooting vegetation that renders recultivation 
expensive (Larsson and Nilsson 2005). Such costs should be kept in mind 
because by 2012, approximately 3.5 million hectares of agricultural land from 
the Soviet period was covered by forest in European Russia alone (Potapov et 
al. 2015). The secondary vegetation is important for biodiversity and ecosys-
tem services (Kamp et al. 2011), and it stores substantial amounts of carbon 
in soil and vegetation, much of which would be emitted to the atmosphere 
with recultivation (Schierhorn et al. 2013; Kurganova, Lopes de Gerenyu, and 
Kuzyakov 2015).

Hence, it appears that only a fraction of the abandoned ECA (and mainly 
RUK) cropland can be put back into production without significant costs or 
major environmental trade-offs. Meyfroidt et al. (2016) identified that from 
60 million hectares of RUK crop area that was initially abandoned, about 
12 million hectares had been returned to production by 2009 and that only 
8.5 million hectares of the remaining idled land qualifies economically for 
being returned to the plow, in that the land has high soil quality and reculti-
vation would involve low environmental trade-offs and few accessibility and 
socioeconomic constraints (5.3 million hectares in the Russian Federation, 
2.4 million in Kazakhstan, and 0.9 million in Ukraine).

Agroenvironmental and socioeconomic constraints limit reusing aban-
doned cropland in RUK. The vast bulk of high-quality land is already back in 
cultivation. Other more marginal lands may be more suitable for other uses, 
such as livestock grazing, development of a livestock fodder base, or ecosys-
tem services.

Yield Potential

Since 2000, there have been significant improvements in farm access to 
yield-increasing inputs used in grain production. Fertilizer use has recovered 
significantly from its low point in the late 1990s, especially in the Russian 
Federation and Ukraine. Important structural and institutional changes 
over the past decade helped to overcome systemic constraints in the major 
grain-producing regions and contributed to the emergence of large-scale and 
vertically integrated farming operations, such as the agroholdings (Gataulina 
et al. 2005; Serova 2007; Swinnen 2009; Nefedova 2016). Since 2005, the 
Russian government has also increased subsidies to agriculture (Liefert and 
Liefert 2012). Increased government support, strong depreciation of the 
ruble in 2014/2015 (largely because of falling world oil prices, which cut the 
Russian Federation’s export earnings), and high agricultural world market 
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prices have all contributed to increased investments in booming export- 
oriented Russian grain production (Kingwell et al. 2016).

Increasing investments and higher export returns have helped to gener-
ate significant growth in fertilizer use and yields. Grain yields started recov-
ering in the late 1990s and have since risen in the RUK by 50 to 70 percent. 
However, current fertilizer use per hectare is still considerably below the pre-
transition levels, reflecting, among other things, the cut in the large fertil-
izer subsidies and possibly inefficient use of fertilizer in the planned socialist 
economy. Figure 7.5b also shows how current fertilizer use per hectare is much 
higher in Ukraine than in the Russian Federation, and substantially higher in 
the Russian Federation than in Kazakhstan.

Several studies have identified significant potential for yield growth in 
RUK grain production due to low fertilizer use, low-quality seeds, poor exten-
sion services, volatile weather resulting in frequent crop failures, and inade-
quate insurance schemes (FAO 2009; Schierhorn et al. 2014; Uzun et al. 2014; 
Kingwell et al. 2016).

Climate Change

The impact of climate change on RUK grain production potential varies 
across the different parts of this vast region (Dronin and Kirilenko 2011; 
Müller et al. 2016; Fehér et al. 2017).9 The northern parts may benefit from 
warmer weather and longer growing seasons, but the soil quality there limits 
growth potential. Production in the southern regions, which has most of the 
good soils, is likely to become more vulnerable with climate change, especially 
from a drop in precipitation.

Production Potential

Swinnen et al. (2017) review a series of studies on RUK grain production 
potential under various scenarios. Table 7.4 summarizes their conclusions. 
Under the recultivation scenario, grain area would expand by 8.5 million 
hectares, mostly in the Russian Federation, and this would result in an extra 
12.5 million tons of RUK output. Closing the yield gap (the intensification 
scenario) to 60 percent of potential yield on existing croplands would gener-
ate additional grain production of 23.9 million tons (of which 12.2 million 
is in the Russian Federation, 7.7 million in Ukraine, and 4.0 million in 

9 See Akramov, Park, and Ilyasov (2017) for possible climate change effects on Central 
Asian agriculture.
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Kazakhstan).10 This potential seems realistic, partly because relatively small 
increases in input use could result in substantial yield growth. This output 
rise equals 34 percent of the average annual RUK grain exports during 2013–
2015, which totaled 71 million tons. Closing the RUK yield gap to a more 
challenging 80 percent of the yield potential would increase grain produc-
tion on existing cropland by 85.4 million tons, compared with the baseline, an 
increase of more than 50 percent.

Adding the impact of climate change to the intensification scenario gen-
erates a further 4–5 million tons of grain output, depending on the yield gap 
assumptions. This production rise comes from the area added to grain produc-
tion in northern regions, despite low yields on the new land.

The combination of the three effects (recultivation of land, climate change, 
and closing of yield gaps) generates a total production of 203.8 million tons. 
The 60 percent intensification scenario yields an increase compared with base-
line output of 42.3 million tons (26 percent). The (perhaps unobtainable) 
80 percent intensification scenario generates total production of 271.5 million 

10 In this scenario, the additional grain production in Ukraine is 63 percent of the additional 
output of the Russian Federation, while total area under grain cultivation in Ukraine is only 
35 percent of the cultivated area in the Russian Federation. Yield gap closure in Ukraine gener-
ates more additional production relative to the Russian Federation because of both higher yield 
potential and higher yield gaps in Ukraine (see Figure 7.5b). Despite the higher share of grain 
cultivation in total sown area in Kazakhstan (16 percent higher than in the Russian Federation 
and Ukraine), the production potential in Kazakhstan on existing cropland is relatively small 
because of the low current yields and small yield gaps.

TAbLE 7.4 Potential wheat production in the Russian Federation, Ukraine, and Kazakhstan 
(RUK) under different scenarios

Area  
(million tons)

Yield  
(tons/hectare)

Production  
(million tons)

Baseline 77.6 2.1 161.5

Recultivation 94.7 2.0 174.0

Intensification at 60% of the yield potential 77.6 2.4 185.4

Intensification at 60% of the yield potential + 
recultivation + climate change 

87.6 2.4 203.8

Growth in production 42.3%

Intensification at 80% of the yield potential 77.6 3.2 246.9

Intensification at 80% of the yield potential + 
recultivation + climate change 

87.6 3.2 271.5

Growth in production 110.0%

Source: Authors’ calculations based on Swinnen et al. (2017).
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tons of wheat, 110 million tons above current production (and a rise of 
68 percent).11 In all scenarios, most of the gains come from yield growth.

In summary, output potential for grain in the RUK could be somewhere 
between 200 and 270 million tons per year (of which more than 120 to 
160 million tons would be in the Russian Federation alone). This would be an 
increase of approximately 40 to 100 million tons above “current” (baseline) 
production, which implies that even under more pessimistic scenarios, the 
RUK could satisfy a substantial share of the projected increase in global wheat 
and grain demand.

Will the RUK be a Reliable Grain Supplier to ECA and the World?

A key question is whether this production and export potential is also a reli-
able source of food for other countries. Grain is a major component in the diet 
of all ECA countries, and several of the poorer Central Asian and Caucasus 
countries rely heavily on imports from the Russian Federation, Ukraine, 
and Kazakhstan for their supply. For example, more than 50 percent of the 
grain consumed in Georgia and Armenia during the period 2010–2017 was 
imported, almost exclusively from the RUK (Figures 7.11 and 7.12).

Figure 7.13 shows that since 2000 RUK grain exports (net as well as gross) 
have increased dramatically, especially of wheat.12 Average annual RUK gross 
grain exports increased from 10.0 million tons in 1998–2000 to 71.3 million 
tons in 2013–2015. However, Figure 7.13 also shows that these countries’ 
grain exports are quite volatile, especially compared with other major sup-
pliers such as the United States and the EU. This unreliability of supply is 
important in assessing the RUK countries’ potential to become a “world 
breadbasket,” especially to food-insecure countries that rely on the imports.

One factor that reduces the RUK countries’ grain export reliability is vol-
atile weather, with bad conditions (such as high temperature or low precipita-
tion) reducing the domestic surpluses available for export. Figure 7.13 shows 
how closely the annual volumes of RUK grain exports track the weather- 
driven fluctuation in production. RUK trade policies (in particular, export 
restrictions) also contribute to their grain export volatility. A common catalyst 
for the export controls is the reduced domestic harvests from poor weather, 
which motivate governments to keep grain within the country. The controls 

11 For comparison, EBRD and FAO (2008) project maximum grain production potential for the 
RUK countries of 230 million tons, a 42 percent increase over the same period.

12 Given that the RUK countries import little grain, their net grain export volumes are only 
slightly below their gross exports (for the RUK collectively, only 2 percent lower in 2013–2015). 
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FIGURE 7.11 Import dependency for cereals
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FIGURE 7.12 Wheat imports by source country (% of total wheat imports, ave. 2010–2017)

4%

20%

48%

99%

91%

74%

49%

1%

3%

5%

1%

2%

1%

2%

Armenia

Georgia

Azerbaijan

Kyrgyzstan

Kazakhstan
Russian Federation
Ukraine
Rest of the world

Source: Data from FAO (2019).

260 ChApTER 7



are intended to mitigate the rise in domestic grain prices, and thereby help 
domestic food consumers and the feed-consuming livestock sector. For exam-
ple, prompted by a poor harvest in 2010, the Russian government banned all 
grain exports from August 2010 through June 2011.

During the surge in world agricultural and food prices in 2007–2008 and 
again in 2011–2012, all the ECA grain exporters (not just the RUK but also 
Tajikistan), as well as grain net-importers such as Belarus and Kyrgyzstan, 
imposed export restrictions to secure domestic supply and help domestic con-
sumers, including the livestock sector (von Cramon and Raiser 2006; Dollive 
2008; Jones and Kwiecinski 2010; World Bank 2011). An FAO study (Sedik 
2013) found that a third of the surveyed ECA countries imposed agricultural 
export restrictions in some form, while a third reduced import taxes.13

The Russian Federation’s economic crisis of 2015–2016, generated by a 
large drop in world oil prices (the Russian Federation’s main export), sub-
sequent depreciation of the ruble, geopolitical conflict with Ukraine and 

13 Sedik (2011, 2013) showed that the harmful effect of RUK grain export restrictions on ECA 
importing countries was mitigated by their rapid shift toward greater imports of f lour and other 
grain products whose exports were not restricted (or less so).

FIGURE 7.13 Grain production and exports in the Russian Federation, Ukraine, and 
Kazakhstan
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the West, and an agricultural import ban imposed on the major Western 
countries, led to serious food price inflation. The Russian policy package 
to counter the price jump also included restricting grain exports (Liefert et 
al. 2019).

Food and Nutrition Security in ECA
Food prices spiked in 2007–2011, there was an economic crisis in 2009–2010, 
and real GDP and remittances declined as a result.14 Despite these occur-
rences, incomes in the ECA region, and thereby also food security, continue 
to improve steadily (although the income growth rates differ substantially 
between subregions). The income growth over the past 15 years has greatly 
reduced poverty, undernourishment, and micronutrient deficiency (Table 7.5 
presents several food security indicators for selected ECA countries that expe-
rienced the strongest poverty decline). The ECA region has made major prog-
ress, and currently the majority of the ECA countries are below 2.5 percent 
prevalence of undernourishment. Nevertheless, undernourishment remains a 
challenge in a few of the Caucasus and Central Asian countries, in particular 
Tajikistan (where the prevalence is 30 percent).

In addition, poor diets and micronutrient deficiencies are a problem for a 
larger part of the ECA region. Poor diets can lead to an insufficient intake of 
nutrients, particularly iron, vitamin A, and zinc (FAO 2017a). Micronutrient 
deficiencies occur in both rich and poor ECA countries, but they are again 
more prevalent in the poorer countries of the Caucasus and Central Asia, as 
well as in the Republic of Moldova. This can be seen from high rates of stunt-
ing and anemia among children under five (Table 7.5).

As in other regions, economic transition and growing incomes generate a 
so-called nutritional transition where changes in diets and a more sedentary 
lifestyle lead to changes in nutritional and anthropomorphic outcomes (see 
Chapter 10). Now that food is becoming more readily available in the ECA 
region and undernutrition is less prevalent, a new challenge facing the ECA 
countries is growing obesity.

Figure 7.14 shows the relationship between income and nutritional prob-
lems in ECA. As per capita income grows, so too does overnutrition, in the 
form of overweight and obesity. According to FAO (2017a), overnutrition 
tends to increase alongside per capita incomes until the latter reach a level 

14 In some ECA countries, remittances remain an important source of income. In Kyrgyzstan and 
Tajikistan they equal up to 30 percent of GDP (World Bank 2019).
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TAbLE 7.5 Food security indicators for selected Eastern Europe and Central Asia (ECA) 
countries

GDP per capita  
(PPP, in 2011 

international $)

Poverty ratio at  
$1.90 a day in  
2011 PPP (%)

Prevalence of  
undernourishment  

(%)

Prevalence  
of anemia  
in children  
< 5 years  

old (%)

Stunting 
in children  
< 5 years 

old (%)

In  
2018 

Change 
from 2001 

(%)
In  

2015

Change 
from  
2001

2014– 
2016

Change  
from 

1999–2001 2016

Latest 
years 

available

Armenia 9,178 185 2 −17 24 −19 32 21

Georgia 10,152 170 8 −13 7 −7 24 11

Azerbaijan 16,011 219 < 1 −2 < 2.5 −21 24 18

Republic of 
Moldova

6,490 117 0 −28 9 −11 26 6

Kyrgyzstan 3,447 60 3 −34 6 −10 38 13

Tajikistan 3,061 140 5 −26 30 −12 31 27

Uzbekistan 6,240 141 27 −40 6 −10 37 19

Turkmenistan 17,129 211 — — 6 −3 28 20

Source: FAO (2017); FAO (2019); World Bank (2019).
Note: — = data not available; GDp = gross domestic product; ppp = purchasing power parity. Latest years available: Ar-
menia 2010, Azerbaijan 2013, Georgia 2009, Kyrgyzstan 2014, Tajikistan 2012, Uzbekistan and Turkmenistan 2006, Albania 
2009, Moldova 2004. poverty data for Uzbekistan is for 2012 and 2002; Tajikistan data is for 2015 and 2003.

FIGURE 7.14 GDP per capita versus prevalence of obesity among males (+18)
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of between $30,000–$40,000 (in 2010 US dollars), after which the trend is 
reversed. Due to the nutritional transition currently underway in the ECA 
countries, combatting food insecurity in the future will no longer be a ques-
tion of simply providing access to food, but also of providing access to healthy 
food in order to reduce micronutrient deficiencies and health risks caused by 
an overweight and obese population.

Numerous programs, policies, and strategies exist toward achieving food 
security, especially given that countries interpret food security in different 
ways. On this question, the ECA countries can be divided roughly into two 
groups: those that aim for food security through independence and food 
self-sufficiency, and those that seek to improve food availability without the 
use of food self-sufficiency targets (FAO 2015b).

Countries belonging to the first group include Belarus, Kazakhstan, 
Kyrgyzstan, the Russian Federation, Tajikistan, Turkmenistan, and 
Uzbekistan. In these countries, the concept of food security is primar-
ily viewed as “food independence” or “food self-sufficiency,” which is also 
reflected in the CIS Concept of Food Security, adopted by the CIS mem-
ber countries in 2010. It states that “food security is the state of the economy 
of the countries in which their own production has to ensure food indepen-
dence for not less than 80 percent of the annual demand in food production 
in accordance with physiological nutrition standards.”15 The main policy 
directions to achieve self-sufficiency in these countries include (1) producer 
support for agricultural inputs; (2) trade interventions to favor domestic pro-
duction and protect the country from imports, or discourage exports to pro-
tect domestic consumers from soaring prices; (3) price controls for basic food 
items; and (4) market interventions and management of commodity stocks 
(FAO 2015b). There are differences among countries in the mix of policy 
instruments and degree to which they are used to attain food self-sufficiency.

For example, we discussed earlier that large grain-exporting ECA coun-
tries such as the Russian Federation and Kazakhstan have used export restric-
tions to keep grain within their countries during periods of high world prices 
or bad weather that reduced the domestic harvest. Many ECA countries have 
also used agricultural import controls to protect domestic producers and pro-
mote self-sufficiency. For example, the Russian government regarded the large-
scale contraction of the livestock sector during the 1990s as a disaster that 

15 Decision of Heads of Governments of CIS, “About the complex of joint efforts on increase in 
food security of the State Parties of the CIS,” November 19, 2010 (available at https://zakon 
.rada.gov.ua/laws/show/997_m96#Text).
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state policy should help reverse. In 2003, the government imposed a system of 
restrictive tariff rate quotas on imports of meat (beef, pork, and poultry). The 
government also began enacting an array of sanitary restrictions, including 
complete bans, on imports of meat and other livestock products (Liefert and 
Liefert 2012). These policies were consistent with the Russian Federation’s 
Food Security Doctrine of 2010, which advocated agricultural import substi-
tution and self-sufficiency.

Another policy is the use of state-run production and procurement of cer-
tain strategic commodities to fulfill food self-sufficiency goals. Elements of 
such a centrally planned system remain in Uzbekistan, Turkmenistan, and 
to some extent, Belarus, where state support is extended in the form of subsi-
dized inputs to producers who fulfill the state order.

Although the approaches implemented toward achieving food self- 
sufficiency might be successful in strategic terms, they may not always be 
economically rational. This can be demonstrated in the case of Uzbekistan, 
where in pursuit of food self-sufficiency, wheat became another state-ordered 
crop. As a result, the area planted to wheat more than doubled between 1991 
and 2017, most notably by shifting production to irrigated areas. Although 
this policy shift did increase wheat production, it came at a cost, as irrigation 
water was diverted away from high-value fruits and vegetables to wheat, a rel-
atively low-value crop (FAO 2015b). Despite these efforts, the bulk of wheat 
consumed in Uzbekistan continues to be imported from Kazakhstan.

The second group, which includes Armenia, Azerbaijan,16 Georgia, the 
Republic of Moldova, and Ukraine, more closely follows the FAO approach 
to food security. This is outlined in the World Food Summit Plan of Action, 
which defines food security as being achieved “when all people, at all times, 
have physical and economic access to sufficient, safe and nutritious food to 
meet their dietary needs and food preferences for an active and healthy life.” 
This interpretation of food security is much more inclusive and focuses more 
on improving food availability and access, food safety, and the nutritional 
state of the population.17 Policies adopted by these countries mainly focus on 
macroeconomic stability, investments in infrastructure, ensuring a reliable 
and stable food supply by both producing food domestically and recognizing 
that imports are necessary for food security and social development, support-
ing the agricultural sector within a liberal trade environment, finding new 
markets for agricultural products, and promoting exports (FAO 2015b).

16 With the exception of Azerbaijan’s self-sufficiency in grain production.
17 For more detailed information on food-security-related policies in ECA, see FAO (2017a).  
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Another way of influencing food and nutrition security is through agri-
cultural subsidies that affect production and value chains. There have been 
attempts to assess the importance of these policies by either measuring the 
benefits and costs for those who are paying for the policies or looking at 
price regulations affecting consumers and producers. The Producer Support 
Estimate (PSE) and Consumer Support Estimate (CSE) are well-known 
indicators calculated by the Organisation for Economic Co-operation and 
Development (OECD). The nominal rate of assistance to agriculture (NRA) 
and the relative rate of assistance to agriculture (RRA) are well-known indi-
cators, calculated by the World Bank, of the amount of support (taxation) 
to agriculture as a consequence of government regulations and subsidies 
(Anderson 2009; OECD 1999).18 These indicators are widely used in pol-
icy discussions and political economy analyses (see, for example, Anderson, 
Rausser, and Swinnen 2013). Unfortunately, for the Eurasian countries, 
updated PSE and CSE indicators are only available for the Russian Federation, 
Ukraine, and Kazakhstan. The average support given to agriculture in those 
countries (and thus the average tax on the budget and on food consumers) 
has fluctuated around 10 percent for the past 20 years and has stayed mostly 
between 0 and 20 percent. This means that, on average, farmers in those coun-
tries have benefited from government policies, but not extensively: on average, 
farms received around 10 percent more income than they would have without 
government interventions.

However, the average numbers hide important differences among com-
modities within the countries. For example, in Kazakhstan, livestock pro-
ducers were subsidized in recent years (around 15 percent PSE), while maize, 
rice, and sunflower producers were taxed significantly (the PSE was between 
−20 and −80 percent). In the Russian Federation, the livestock sector was sup-
ported subtantially (around 25 percent PSE), while most grains and sunflow-
ers had negative PSEs (between −5 and −30 percent) and were thus taxed.

For other countries, NRA and RRA indicators have been calculated for 
some commodities in Central Asia but have not been updated after 2004 
(Anderson and Swinnen 2008; see the chapters by Christensen and Pomfret 
[2008] on Kyrgyzstan; by Pomfret [2008a] on Kazakhstan; and by Pomfret 
[2008b] on Tajikistan, Uzbekistan, and Turkmenistan). The (more lim-
ited) NRA studies on Central Asia point out the important differences 

18 Negative PSE or CSE values imply taxation—see OECD (1999) for more details. NRA and RRA 
are indicators of the amount of support (taxation) to agriculture there is as a consequence of 
government regulations and subsidies—see Anderson (2009) for more details. 
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among countries in their policies vis-à-vis the cotton sector. Cotton—a very 
important (export) commodity especially in Uzbekistan, Turkmenistan, 
and Tajikistan—was heavily taxed by the governments in these countries in 
the 1990s and 2000s, as it was an important source of government tax reve-
nue. In contrast, it was much less taxed in other countries in the region where 
it was less important as an export commodity—such as in Kazakhstan and 
Kyrgyzstan (Pomfret 2008b).

Budget allocations are also indicators of government support, though 
they are more limited (because they do not provide information about trans-
fers between consumers and producers through price and trade regulations). 
Figure 7.15 shows the average share of agriculture in total government expen-
ditures between 2012 and 2017 in ECA. Some countries, like Belarus and 
Uzbekistan, spent over 5 percent of their state budgets on agricultural support. 
Others, like Slovakia, spent less than 1 percent.

Conclusion
Although the ECA countries are agriculturally heterogeneous in many ways, 
they share a common institutional history and, in certain respects, a com-
mon reform experience. The economic and institutional transformation that 
took place in the 1990s and 2000s had a dramatic effect on all these countries. 
However, the pace of transition from planned to market economy has differed 

FIGURE 7.15 Share of agriculture in total government expenditures (average of 2012–2017)
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greatly among them. Using a conceptual model, we illustrate and examine the 
key aspects of the agricultural transition process, some of which are still play-
ing out in various ECA countries. In almost all countries, agricultural out-
put fell substantially during the transition decade of the 1990s, especially in 
the livestock sector. Key reasons for the decline included the institutional and 
allocative disruptions and high transaction costs stemming from the move 
from planned to market economies, as well as the severe reduction in the large 
subsidies to agriculture under the planned system that maintained high-cost 
production. A dramatic decline in fertilizer use and crop prices in all ECA 
countries led to a strong drop in crop yields.

Agricultural output began to rebound in many ECA countries in the mid 
to late 1990s, and by the early 2000s production was increasing almost every-
where. Current agricultural output in ECA varies by country, from −30 to 
+30 percent of the pre-reform level. The output rebound has also varied by 
commodity. While wheat production declined during the 1990s and recov-
ered strongly in the 2000s, especially in the RUK region, livestock production 
in many ECA countries still remains below the pre-reform level.

The rise in output was driven largely by input productivity growth. There 
were two general patterns involving farm structure and the rise in produc-
tivity and output. The first pattern included countries (such as Slovakia, the 
Czech Republic, and Hungary) where large farms dominated and most of the 
production increase came from growth in labor productivity. The second pat-
tern occurred in poorer countries (such as Albania, Armenia, and Tajikistan) 
dominated by small farms, where the productivity of land (output per hectare) 
rose due to the intensive use of labor and other inputs. There are further coun-
tries (such as Poland) that have experienced some growth from an increase in 
both land and labor productivity.

Agricultural growth patterns are strongly related to farm structures. The 
ECA region is now characterized by strong heterogeneity of farm structures, 
and most countries have a mix of large- and small-scale farms. The emergence 
of different farm structures was largely “endogenous” to the transition process, 
due to differences in natural resources, commodity characteristics, and factor 
market imperfections.

Value-chain investments have played an important role in the growth of 
agricultural productivity in the ECA countries. Investments in value chains, 
often from foreign companies, led to major restructuring in production, trad-
ing, and marketing systems. Contracting and vertical coordination in value 
chains helped farmers to overcome production constraints through the 
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provision of credit and inputs and resulted in major technology transfer, pro-
ductivity growth, and improvements in production quality.

The transition process led to substantial changes in land use and a signifi-
cant deterioration of infrastructure, most notably involving irrigation, which 
is of particular importance for agriculture in Central Asia and the Caucasus.

One of the main questions for agriculture in ECA is whether the RUK 
region has the potential to become a “breadbasket” to improve world 
food security. Some observers argue that by increasing yields or reusing 
50–60 million hectares of abandoned land or both, the RUK region could 
boost the production and export of grain, and especially wheat. However, only 
a fraction of the abandoned land could actually be recultivated in a way that 
is economically profitable and environmentally sustainable, as most of it is in 
high-cost marginal regions where grain production is not commercially viable. 
On the other hand, we also project that the RUK countries will act on their 
more feasible potential to further increase grain yields, mainly by continuing 
to adopt better management practices that reduce waste, improve efficiency, 
and utilize Western technology.

Yet, due to climate change and weather volatility, uncertainties exist con-
cerning the reliability of the RUK countries as grain export suppliers. Volatile 
RUK weather (both temperature and precipitation) creates major fluctuation 
in annual grain production, with bad weather reducing domestic surpluses for 
export. Low weather-driven harvests in turn often motivate the RUK govern-
ments to impose export controls to keep grain within the country in order to 
mitigate domestic price increases and thereby help food consumers and the 
feed-consuming livestock sector. For example, prompted by a poor harvest in 
2010, the Russian government banned all grain exports from August 2010 
through June 2011. During the surges in world agricultural and food prices 
in 2007–2008 and 2011–2012, all three RUK countries imposed various con-
trols on grain exports (taxes, quotas, complete bans).

Food and nutrition security has improved substantially within the ECA 
region. Since around 2000, rising incomes have reduced poverty and under-
nourishment. However, in some of the poorer countries of the Caucasus and 
Central Asia, undernourishment remains a challenge, and even in countries 
with growing incomes, poor diets can cause micronutrient deficiencies. Also, 
as countries get richer, they experience the new problem, common to devel-
oped countries, of overnutrition, generating overweight and obesity.

Various programs, policies, and strategies exist for achieving food secu-
rity in the ECA countries, depending on how they interpret food security. In 
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countries where food security is primarily viewed as “food self-sufficiency,” 
market interventionist agricultural policies have been employed to stimulate 
the domestic supply of staple foods, grains in particular. These policies were 
especially visible during the 2007–2012 period when food prices spiked on 
international markets. Another way of influencing food and nutrition security 
is through agricultural subsidies. However, not many indicators of agricul-
tural support are calculated across the ECA countries that allow comparison, 
nor do they fully capture the important differences between commodities in 
different regions.
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REGIONAL EXPERIENCES:  
WHAT HAVE WE LEARNED?

Keijiro Otsuka and Shenggen Fan

The five chapters on regional issues in agricultural development provide an 
overview of the various regional experiences and the transformation of agri-
food systems. In these chapters, as well as in Chapter 1, the validity of the 
Hayami-Ruttan induced innovation hypothesis (Hayami and Ruttan 1985) 
was graphically examined, particularly by looking at growth paths of land and 
labor productivities in various countries and across major regions. Also exam-
ined were emerging trends of agricultural transformation in these regions. 
This chapter summarizes regional experiences in productivity growth and 
agricultural transformation.

Regional Experiences in Productivity Growth
As can be seen from Figure 1.1 in Chapter 1, there are enormous differences 
and changes in labor productivity among the seven major regions over the 
last several decades. Such large differences in labor productivity can be partly 
attributed to the difference in factor endowment represented by the land-labor 
ratio. Roughly speaking, there is a positive correlation between labor produc-
tivity and the land-labor ratio, with the possible exception of Latin America 
and the former Soviet Union countries. If land is abundant relative to labor, 
farm size is large and mechanized operation is economical, whereas if land is 
scarce, farm size is small and labor-intensive operation is advantageous. The 
close relationship between the land-labor ratio and labor productivity is clearly 
reported in Chapters 3 to 7.

The five regional chapters also show the close relationship between fer-
tilizer use per unit of land and land productivity, which indicates the 
importance of fertilizer-using technology to boost land productivity. Land 
productivity has been growing rapidly and is second highest in South America, 
even though it is endowed with rich land resources. Land productivity in 
East Asia, where land is particularly scarce, was growing fast in the 1970s and 
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1980s due, in part, to the yield-enhancing Green Revolution technologies, but 
its level was not highest in this early period.

Figure 1.2 in Chapter 1 shows the changing relationship between labor 
and land productivities, with the logarithm of labor productivity on the 
horizontal axis and that of land productivity on the vertical axis. It is clear 
that East Asia took the high-land-productivity development path. In Asia 
where land is scarce, land-saving and yield-enhancing technologies tend to 
be developed. Subsequently, labor cost increases due to rapid development 
of the nonfarm sectors, which leads to the development of labor-saving and 
labor-productivity-enhancing technology more than that of land-productivity- 
enhancing technology. An interesting finding is that not only South Asia but 
also Africa south of the Sahara (SSA) seem to have been following the East 
Asian path. Indeed, it seems that South Asia is attempting to catch up with 
East Asia (see Chapter 4) and that SSA follows the South Asian path so long 
as smallholder-based agriculture is maintained (Chapter 5).

A close examination reveals that Eastern Europe improved primarily its 
labor productivity, whereas both South America and Mexico and Central 
America improved both labor and land productivity simultaneously. Although 
Latin American countries are characterized by land abundance, they have suc-
cessfully introduced land-saving and land-productivity-enhancing technol-
ogies while maintaining the impetus to improve labor productivity growth. 
This seems inconsistent with the Hayami-Ruttan hypothesis. Endowed with 
extremely rich land resources, the former Soviet Union countries follow a 
unique path of low land productivity and high labor productivity.

The above analysis points out that the induced innovation hypothesis is 
broadly consistent with the recent data in many regions, even though there 
are also deviations from the expected patterns of land and labor productiv-
ity growth, particularly in Latin America and the former Soviet Union coun-
tries. Regional experiences also point to limitations of Hayami and Ruttan’s 
narrow focus on grain productivity and growth. A major departure from the 
Hayami-Ruttan thesis can be found in the modern food system transforma-
tion at both regional and global levels, where the demands on agriculture now 
go beyond food to encompass health, nutrition, and environmental sustain-
ability. For instance, the Hayami and Ruttan (1985) measures of productivity 
are at the farm level. But the food system transformation involves postfarm 
value addition. In addition, the essence of the modern value chains lies in the 
demand-driven activities throughout the whole chains, which in turn lead to 
innovations in technologies and institutions. Technologies used or adopted 
are increasingly coming from nonagriculture or the private food sector and 
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are not induced by land-labor ratio changes: for example, information and 
communication technologies (ICTs). Finally, environmental externalities and 
climate change were not considered in the Hayami and Ruttan model. Clearly 
we must have broader perspectives than Hayami and Ruttan in order to 
understand the rapid transformation of agriculture over the last few decades 
and its implication for global issues.

Transformation of Agriculture
In East Asia, industrialization has led to the large-scale transformation of the 
agricultural sector on the production side through a reduction in its contri-
bution to gross domestic product and employment, and it also has created 
a serious labor shortage and thus a rapid increase in real wages. At the same 
time, the rising demand for safe, high-value, and differentiated agricultural 
products driven by the nutrition transition has created large opportunities for 
farmers to participate in emerging value chains to potentially improve pro-
ductivity and increase incomes. As farming systems gradually change from 
labor-intensive to capital-intensive systems, technological and institutional 
innovations have occurred, such as in farm machinery and machine service 
providers and emerging e-commerce. There has been a notable modernization 
of value chains and emergence of contract farming on the supply side, which 
respond to diverse and new food demands especially driven by rapid urbaniza-
tion and the rise of ICTs.

South Asia has been shifting toward the beginning of agricultural trans-
formation, with greater increases in labor productivity than in land pro-
ductivity, as experienced by many developed countries in the past. There 
has been significant mechanization growth in the past three decades, cou-
pled with technological innovations, ranging from the adoption of machines 
and chemicals to improved varieties, increasingly led by the private sector 
in the region. Institutional innovations have raised the efficiency of agricul-
tural finance, insurance provision on a broader scale, and collective action in 
milk production, improved food safety practices, and management of com-
mon pool resources, including irrigation facilities and community forests. 
Liberalization and regional integration have also facilitated the trade of agri-
cultural commodities within the region and improved national resilience 
against food crises.

Africa, after decades of stagnation, has enjoyed sustained agricultural 
growth since 2000, while poverty rates have also fallen significantly. Africa’s 
workforce is shifting, in some cases quite rapidly, with a rising fraction of 
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labor moving from farming to off-farm sectors, even if the rural population 
continues to grow and average farm sizes continue to fall across most of the 
continent. Africa’s delayed demographic transition ensures a continuously ris-
ing absolute number of rural people despite urbanization, leading to falling 
land-labor ratios. Thus, there is need for more labor-using, land-saving inno-
vation in most of Africa, even though the rest of the world proceeds to mech-
anize (Chapter 5; Masters et al. 2018). Agribusiness and downstream food 
systems are responding dynamically to population growth and urbanization. 
Changing food diets associated with income growth and urbanization are cre-
ating new employment opportunities in agrifood systems. Urbanization and 
development of food systems to feed growing cities are also reshaping African 
farmers’ access to markets, as secondary cities are emerging and extending the 
reach of value chains into areas formerly considered remote. There has been 
greater vibrancy of agricultural land markets as well as a rise of commercial-
ized African investor farmers, especially in products with scale economies, 
such as poultry and horticulture. At the same time, African governments have 
brought agriculture back to the top of their development agendas, while the 
private sector is also increasingly investing in agriculture.

The agriculture sector in Latin America and the Caribbean has had rel-
atively strong performance during the last several decades. Policy changes 
related to macroeconomic stabilization and liberalization have led to a sig-
nificant diversification of agricultural production. Gains in the region’s agri-
culture have been driven by productivity improvement as well as significant 
expansion of agricultural area over the last half century. These changes have 
been accompanied by an increase in nonagricultural rural activities, with 
a larger presence of women’s employment and growth in urban residence, 
helped by better rural infrastructure. Food value chains have also evolved sig-
nificantly, with increased urbanization and a larger presence of intermediate 
cities, and with agricultural and agro-industrial activities increasingly con-
trolled by large agricultural operators, input companies, agro-industrial pro-
cessors, and supermarket chains. Waves of changes in the processing and retail 
segments, such as the expansion of supermarkets, have occurred with a surge 
of foreign direct investments (FDI).

Eastern Europe and Central Asia (ECA) has shown several patterns of 
agricultural growth, including strong labor productivity growth from large 
farms as well as land productivity growth in poorer countries dominated by 
small farms. Agricultural productivity growth in the region has been strongly 
influenced by value-chain investments, up- and downstream from the farms. 
Private investments in agribusiness, food processing, and retailing have also 
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led to important restructuring in production and trading and marketing sys-
tems and in the integration of farms in value chains. Contract farming and 
vertical coordination in these supply chains have played important roles in the 
process of restructuring, together with a variety of institutional innovations 
such as provision of credit, inputs, transportation, and quality control. As 
in some other regions, investments in the value chains often came from FDI, 
which has reduced capital constraints, making access to inputs and technology 
easier and stimulating productivity growth.

Issues Addressed in Subsequent Chapters
It is clear that significant and rapid transformation of agriculture and food 
value chains, as well as nutrition transition, have been taking place in various 
regions associated with urbanization and income growth. Also observed are 
rapid expansion of agricultural trade and reduction in trade distortions asso-
ciated with trade liberalization. These issues will be discussed in Chapters 9 
to 14. Other major changes include women’s status, development of credit and 
insurance institutions, and natural resource management including land, for-
est, water, and climate change. This book will address these issues in Chapters 
15 to 20, before presenting the analysis of the future of agricultural research in 
Chapter 21 and the reshaping of agrifood systems to achieve multiple develop-
ment goals in Chapter 22.
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AGRICULTURAL GROWTH, URBANIZATION,  
AND POVERTY REDUCTION

Paul Dorosh and James Thurlow

There are opposing views on the importance of agriculture and urban devel-
opment in reducing national and global poverty. At the extreme, these per-
spectives can be separated into two schools of thought. The first is the 

“pro-agriculture” school, whose thinking is underpinned by long-standing 
theory and a reading of certain global trends. For instance, despite rapid 
urbanization, rural populations continue to grow in most late-transforming 
economies (Thurlow, Dorosh, and Davies 2018), placing tremendous pressure 
on agricultural land and rural economies to create sufficient jobs and income 
opportunities (Chamberlin, Headey, and Jayne 2014; Thurlow 2015). Fast 
population growth and slow economic growth largely explain why global pov-
erty is concentrating in Africa’s rural areas (Thurlow, Dorosh, and Davies 
2019). Traditional development models afford agriculture an important role 
in stimulating national economic growth—via backward and forward link-
ages between sectors (Johnston and Mellor 1961). Linkages to the rural non-
farm economy are often even stronger, because farm incomes are more often 
used to purchase locally produced goods and services (see Haggblade, Hazell, 
and Dorosh 2007). Agriculture is therefore expected to continue playing a 
major role in promoting economywide growth in today’s late-transforming 
economies. Finally, agriculture-led growth is said to have stronger linkages to 
poverty reduction than nonagricultural growth (Christiaensen, Demery, and 
Kuhl 2011; Diao, Hazell, and Thurlow 2010; Dorosh and Thurlow 2016). 
The evidence supporting this is varied, ranging from macroeconometric and 
structural modeling of intersectoral growth linkages, to microeconomic and 
value-chain analyses of growth opportunities (see Dercon and Gollin 2014). 
Given these trends and evidence, the pro-agriculture school usually recom-
mends that governments in developing countries should maintain (or increase) 
investments and policy support for agriculture.

The second school of thought offers a “pro-urban” perspective, again by 
emphasizing certain global trends. The developing world is urbanizing rap-
idly and economic growth is fastest in urban centers. Although poverty is 
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lower in urban areas, faster urban growth can create market opportunities for 
farmers and provides an indirect means of reducing rural poverty (Dorosh 
and Thurlow 2014). Urbanization also coincides with structural transforma-
tion, in which workers leave agriculture for more productive, and likely more 
remunerative, sectors. History shows that this process is strongly associated 
with long-term development (McMillan, Rodrik, and Verduzco-Gallo 2014). 
As agriculture’s share of the economy falls, so too does its absolute contribu-
tion to national growth and poverty reduction. Simply put, if agriculture is 
not growing, then it does not matter how strong its growth-poverty linkages 
are. Fast-growing urban centers, on the other hand, could lift more people out 
of poverty, even though they have weaker linkages to poverty reduction than 
agriculture (see Dorosh and Thurlow 2016; Thurlow, Dorosh, and Davies 
2019). Finally, at least some urban economic growth may be due to positive 

“agglomeration effects.” These arise when an expansion of economic activ-
ity is concentrated within certain locations, giving rise to positive externali-
ties between firms as product and labor markets deepen (see Fujita, Krugman, 
and Venables 1999). Alongside the above claims about urban- centered indus-
trialization, the pro-urban school also questions the evidence supporting 
agriculture- led development, arguing, for example, that the ability to import 
food makes raising agricultural productivity less critical for sustaining eco-
nomic development (see Dercon and Gollin 2014). The conclusion often 
reached by the pro-urban school is that current development strategies over-
emphasize agriculture and exhibit a “rural bias” (Collier and Dercon 2014) 
and that future investments should rather be directed toward cities as engines 
of growth and poverty reduction.

The two perspectives are perhaps best reflected in the World Bank’s back-
to-back publication of the 2008 and the 2009 World Development Report, 
which in turn advocated for agricultural and urban-oriented development 
strategies (World Bank 2008, 2009). The reports encapsulated an ongo-
ing debate about the role of smallholder farmers in agricultural transforma-
tion (Dercon 2009; Hazell et al. 2010; Collier and Dercon 2014) and, more 
broadly, the role of agriculture in national development (Diao, Hazell, and 
Thurlow 2010; Dercon and Gollin 2014; Thurlow, Dorosh, and Davies 
2019). There is also debate over the role of small towns vis-à-vis big cities in 
driving development and reducing poverty (Christiaensen and Todo 2014; 
Dorosh and Thurlow 2014; Ingelaere et al. 2018). Finally, agriculturalists 
have increasingly emphasized value-chain development as a means of creating 
jobs and incomes for the rural poor. Value chains and food system approaches 
are essentially a more business- or consumer-oriented reformulation of the 

286 Chapter 9



production and demand linkages that underpin traditional development mod-
els (see Chapter 12).

Emerging from these debates is a more nuanced view—one that drops 
sharp dualistic distinctions between rural and urban areas and agricultural 
and nonagricultural sectors. Urban areas are viewed as a hierarchy in which 
major cities have different economic structures and rural linkages than sec-
ondary cities and towns. Investing in smaller urban centers rather than large 
cities could stimulate faster growth in the rural economy for reasons that are 
familiar to the proponents of rural farm-nonfarm linkages. Moreover, many 
downstream activities forming part of agricultural value chains are located 
within or close to towns. Investing in smaller towns and peri-urban areas 
is often equivalent to investing in agricultural value-chain development. 
Conversely, industrial activity can cluster in rural areas, as in China and Viet 
Nam (see Chapter 11), possibly leading to rural agglomeration effects. There 
is also recognition that economies do not neatly separate into the “modern” 
and “backward” sectors of traditional dualistic models. Agriculture com-
prises both traditional subsistence farming and higher-value commercial 
agriculture. Nonagriculture also consists of a wide range of activities, includ-
ing labor- intensive informal services (for example, street vending), capital- 
intensive industries (for example, mining), and skill-intensive services (for 
example, banking). Informal food traders in urban areas may generate stron-
ger backward linkages to the rural poor than even export-oriented commer-
cial agriculture. A more nuanced perspective argues that economies do not 
fit standard dualistic structures. It emphasizes the overlaps and synergies 
between developing small towns and agricultural value chains and recom-
mends greater alignment between agricultural and urban-oriented invest-
ments and policies. The Food and Agriculture Organization’s 2017 State of 
Food and Agriculture report is a recent example of this more nuanced view 
(FAO 2017).

This chapter argues in favor of the more nuanced perspective. The sec-
ond section reviews global development and demographic trends and dis-
cusses what is meant by “urbanization” in different parts of the developing 
world. The third section presents a conceptual framework for understand-
ing rural-urban linkages across cities and towns. The fourth section presents 
a Malawian case study that operationalizes the conceptual framework. The 
study uses an economywide model to capture various farm-nonfarm link-
ages, as well as urban agglomeration economies and rural-urban migration. 
The model is used to simulate the effects of redirecting investments between 
rural areas, small towns, and major cities. The analysis reveals synergies (and 
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trade-offs) between urbanization, agriculture, and poverty reduction. The last 
section summarizes the chapter and identifies where future research is needed.

Understanding Urbanization

Speed of Urbanization

It is generally held that the developing world is urbanizing rapidly and that 
this process is particularly fast in Africa south of the Sahara (SSA). However, 
there are two ways of gauging the speed of urbanization (Figure 9.1). From the 
point of view of urban areas or urban planners, the most relevant indicator 
is urban population growth (vertical axis). Municipal and local governments 
need to provide infrastructure and services to urban residents, and the scale 
of this challenge is determined by the number of people living in urban areas. 
Almost all developing countries have seen urban populations expand over the 
last decade. From this perspective, SSA is the fastest urbanizing region, with 
an average urban population growth rate of 4.2 percent per year. Urban pop-
ulations are even expanding in Latin America and the Caribbean (LAC), 
even though this region has the slowest growth rate (1.6 percent). Urban pop-
ulation growth is fastest in low-income countries (LIC), most of which are 
in SSA, and is slowest in upper-middle-income countries (UMIC), which 
includes China.1 Global projections indicate that the urban population in 
developing countries will almost double between 2015 and 2050 (from 2.9 to 
5.1 billion) (UN DESA 2015) and that a third of this expansion will occur in 
SSA, whose urban population will triple in size (from 0.3 to 1.1 billion peo-
ple). It is not surprising then that many studies about global urbanization 
emphasize Africa’s demographic trajectory (Masters et al. 2013).

National planners and policymakers, however, are also concerned with 
how fast populations are growing outside of urban areas, since scarce public 
resources are also needed for rural inhabitants. A more relevant urbanization 
indicator for national planners is therefore the share of the total population 
living in urban areas. This can be derived from Figure 9.1, which also shows 
rural population growth rates (horizontal axis). Countries and regions above 
the diagonal line have urban populations growing faster than rural popu-
lations, and so the share of their population living in urban areas is rising. 

1 LIC and UMIC, as well as lower-middle-income countries (LMIC), are World Bank country 
income categories, as of 2016, based on per capita gross domestic product measured using the 
Atlas method. Upper thresholds are $1,005 for LIC, $3,955 for LMIC, and $12,235 for UMIC.
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Countries and regions that are farther from the diagonal line have larger gaps 
between urban and rural population growth rates, and hence faster increases 
in urban population shares. The figure shows that, even from this perspective, 
urbanization is occurring in almost all developing countries. However, rural 
populations continue to grow quite quickly in many LICs, causing slower 
increases in their urban population shares compared with most UMICs. 
Based on this indicator, SSA is no longer the fastest urbanizing region, which 
is instead East Asia and the Pacific (EAP), where the rural population is con-
tracting. About half of developing countries’ populations live in urban areas 
today, and projections indicate that this share will increase to about two-
thirds by 2050 (UN DESA 2015). Even in SSA, where urban population 
shares are lowest, more than half of the population will live in urban areas 
by 2040.

FIGURE 9.1 Urban and rural population growth rates, 2005–2015

LIC

LMIC

UMIC

EAP

ECA
LAC

MENASA

SSA

All

–2

0

2

4

6

–2 0 2 4 6

Ur
ba

n 
an

nu
al

 p
op

ul
at

io
n 

gr
ow

th
 r

at
e 

(%
)

Rural annual population growth rate (%)

Low-income countries (LIC)
Lower-middle-income countries (LMIC)
Upper-middle-income countries (UMIC)
Income group averages
Regional averages

Source: authors’ calculations using population data from world bank (2018).
Note: Sample includes 137 countries. regions are east asia and the pacific (eap), europe and Central asia (eCa), latin amer-
ica and the Caribbean (laC), Middle east and north africa (Mena), South asia (Sa), and africa south of the Sahara (SSa).

agriCultural growth, urbanization, and poverty reduCtion  289



In summary, while the developing world is urbanizing, there are differ-
ences in how the speed of urbanization is perceived, with implications for 
policy. For urban planners, particularly in SSA, absorbing the large influx 
of migrants into cities and towns is a major policy concern. National plan-
ners, on the other hand, are also tasked with raising incomes and living stan-
dards of people in rural areas, where much of the developing world still lives. 
National development plans inevitably involve difficult choices about how 
to allocate scarce resources between fast-growing urban centers and large 
rural populations.

Urbanization and Structural Change

Urbanization is closely associated with economic development, particu-
larly with structural transformation. When workers move from rural to 
urban areas, this often involves an exit out of agriculture into other sectors of 
employment, leading to higher labor productivity (and incomes). Figure 9.2 
provides information on urban population and agricultural employment pat-
terns for a sample of 52 developing countries.2 These countries were selected 
because they conducted at least one nationally representative household/labor 
force survey or population census since 2000, with information on employ-
ment by sector and rural/urban location. Normally the most recent survey or 
census is used, but preference is given to labor force surveys because they are 
better at capturing employment statistics. Since data are from different years, 
the income groups are simple cross-country averages (not weighted by popu-
lation). In total, the countries represent 80 percent of the developing world’s 
total population in 2015, with a slightly lower coverage rate for LICs.

The figure shows that more-developed countries tend to be more urban-
ized and have fewer of their workers engaged in agriculture. Although the 
strength of this relationship varies across countries, there is a consistent trade-
off between agricultural work and urban residence. In a typical LIC, around 
60 percent of employed workers are in agriculture and 20 percent of the pop-
ulation live in urban areas. This is reversed for UMICs, that is, 20 percent 

2 Country and survey/census years include LICs: Afghanistan 2008, DR Congo 2005, Ethiopia 
2013, Haiti 2003, Liberia 2008, Malawi 2013, Mali 2009, Mozambique 2007, Nepal 2008, 
Rwanda 2016, Sierra Leone 2004, South Sudan 2008, Tanzania 2014, and Uganda 2012; LMICs: 
Armenia 2011, Bangladesh 2013, Bolivia 2001, Cambodia 2008, Cameroon 2005, Egypt 
2006, El Salvador 2007, Ghana 2015, India 2009, Indonesia 2010, Jordan 2004, Kenya 2005, 
Kyrgyzstan 2009, Nicaragua 2005, Nigeria 2010, Pakistan 2015, Palestine 2007, Sudan 2008, 
Viet Nam 2009, and Zambia 2012; UMICs: Belarus 2009, Brazil 2010, China 2000, Colombia 
2005, Costa Rica 2011, Dominican Republic 2010, Ecuador 2010, Fiji 2007, Iran 2011, Jamaica 
2001, Malaysia 2000, Mexico 2015, Panama 2010, Paraguay 2002, Peru 2007, Romania 2011, 
Thailand 2000, and Venezuela 2001.
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of workers are in agriculture and 60 percent of people are urbanized. Lower-
middle-income countries (LMICs) fall in between, with 40 percent of the 
workforce and population in agriculture as well as in urban areas.3

The symmetry in Figure 9.2 can give the impression that urban areas and 
nonagricultural employment are interchangeable, as are rural areas and agri-
cultural employment. This is not the case. Using the same dataset, Figure 9.3 
shows that many agricultural workers live in urban areas (horizontal axis) 
and many nonagricultural workers live in rural areas (vertical axis). Almost 
half of all nonagricultural workers in LICs reside in rural areas, reflecting the 
important role of the rural nonfarm economy in these countries. Employment 
in the rural nonfarm sector declines with economic development and 

3 The figure is based on primary occupation as stated by survey respondents and so does not cap-
ture secondary work or actual time spent (see discussion in the chapter’s third section, Framing 
Rural–Urban Linkages).

FIGURE 9.2 Urban population and agricultural employment shares
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urbanization. More surprising, however, is the greater importance of urban 
agricultural employment in more-developed countries. About 20 percent of all 
agricultural jobs in UMICs are in urban areas, compared with just 9 percent 
in LICs. Urban-based farming seems to become a more important part of the 
agricultural sector as countries develop.

Lying behind the trends in Figure 9.3 is the declining importance of agri-
culture as countries develop. The top panel in Figure 9.4 reports the contribu-
tion of urban agriculture to national employment (vertical axis) and to total 
urban employment (horizontal axis). Urban agriculture is a small share of 
national employment in most countries, although in a few countries it does 
account for around 10 percent of all jobs. As at the national level, urban agri-
culture becomes less important as countries develop, falling from 5.5 percent 
in LICs to 3.5 percent in UMICs. Agricultural employment also becomes less 
important within urban economies. The share of agriculture in urban employ-
ment is 21.8 percent in LICS and 5.5 percent in UMICs. Although Figure 9.3 

FIGURE 9.3 Spatial distribution of agricultural and nonagricultural employment
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FIGURE 9.4 Sectoral distribution of urban and rural employment
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shows the share of agricultural employment in urban areas rising in more 
developed countries, this is caused by reductions in rural farming. Simply 
put, as countries develop, workers leave rural agriculture faster than they leave 
urban agriculture.

The lower panel in Figure 9.4 provides similar information for rural non-
farm employment. The link between economic development and the rural 
nonfarm economy is less clear. The share of rural nonfarm employment in 
total rural employment (horizontal axis) is slightly higher in middle-income 
countries, but there is no consistent trend between LMICs and UMICs 
(that is, rural nonfarm employment shares rise and then fall). Rural nonfarm 
employment appears to remain an important part of the economy, even in 
more-developed countries.

In summary, while urban and nonagriculture are not interchangeable 
terms, cross-country evidence suggests that urbanization is strongly associated 
with a movement out of rural agriculture into urban nonagriculture. In fact, 
the contributions of urban agriculture and the rural nonfarm economy do not 
change dramatically across the development spectrum—together they consis-
tently account for around one-fifth of total employment. Of course, employ-
ment is not equivalent to labor productivity or value addition, and so the 
contributions of rural nonfarm and urban agricultural sectors to gross domes-
tic product (GDP) may be quite different in low- and middle-income coun-
tries. Unfortunately, the data needed to test this only exists for a few countries 
(see, for example, Dorosh and Thurlow 2013). Moreover, the cross-country 
data presented here focus only on primary jobs. The early stages of rural trans-
formation are often associated with workers moving from full- to part-time 
farming or with nonfarm income diversification within rural households (see 
Timmer 1988). Finally, as discussed next, the definition of urban areas may 
change over time, with unclear delineations between where rural areas end 
and urban areas begin.

Defining Urban and Rural Areas

The figures above are all based on countries’ own official definitions of what 
constitutes an urban area. However, these definitions vary considerably. The 
supplementary material to the United Nations Demographic Yearbook (UN 
DESA 2016a) provides information on how countries define their urban cen-
ters. Table 9.1 summarizes the various criteria used in these definitions. Of 
the 215 countries listed, about half include population size thresholds. The 
typical or median population threshold is 2,500 people, but this ranges from 
200 (Sweden) to 50,000 (Japan). A larger share of LICs include population 
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thresholds in their urban definitions, and the minimum thresholds in LICs 
tend to be higher (that is, the smallest threshold is 1,500 people in LICs com-
pared with 400 people in UMICs). A small share of countries (6.5 percent) 
use population density as a criterion—sometimes, but not often, in combina-
tion with population size.

The relationship between urbanization and structural change was dis-
cussed above. The positive association could result from how urban areas are 
defined. About one in six countries define urban areas based on how depen-
dent a location is on agricultural activities. Some countries are quite specific, 
requiring that a minimum share of employment or economic activity be in 
nonfarm sectors. Middle-income countries are more likely to include non-
farm employment criteria in their definitions, although only a third of LMICs 
and a fifth of UMICs use such criteria. The unevenness in how this criterion 
is applied may also explain variations in urban agriculture across countries. It 
does not necessarily explain why urban agriculture becomes more important 
for the overall agricultural sector, since the nonfarm criterion is more often 
applied in middle-income countries.

TABLE 9.1 Official definitions of urban areas across countries

Indicator
All 

countries

Income group

LIC LMIC UMIC HIC

number of countries (n) 215 31 52 56 76

Share of countries using these criteria (%)

population level 52.1 64.5 63.5 39.3 48.7

population density 6.5 3.2 7.7 3.6 9.2

nonfarm employment 16.3 9.7 32.7 17.9 6.6

infrastructure and services 7.0 3.2 15.4 8.9 1.3

administrative center 51.2 51.6 48.1 55.4 50.0

More than one criteria 27.0 25.8 48.1 23.2 15.8

Minimum population level thresholds (people)

lowest 200 1,500 500 400 200

Median 2,500 2,500 4,000 2,500 2,500

highest 50,000 10,000 20,000 10,000 50,000

Source: authors’ calculations using urban definitions from un deSa (2016a).
Note: liC = low-income country; lMiC = lower-middle-income country; uMiC = upper-middle-income country; hiC = 
high-income country. official criteria are usually expressed as minimum population levels and densities; nonfarm employ-
ment or activities as a share of total; existence of certain infrastructure or services (for example, roads, piped water, or health 
facilities); and administrative function.
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About half of countries in each income group use a location’s administra-
tive function in their urban definition. For example, a country may decide 
that all provincial or district capitals should be classified as urban centers, irre-
spective of their population size or nonfarm employment share. Finally, a few 
countries require locations to have certain infrastructure and services, such as 
paved-road networks, piped-water systems, and health facilities.

A country’s choice of criteria can affect the number of locations classi-
fied as urban. For example, countries that use administrative function, rather 
than minimum population size, may include smaller urban centers. Figure 9.5 
reports the simple or unweighted average urban population shares across 
countries within each income group. There is no strong directional relation-
ship between which criteria are used and the average population shares of the 
countries that use them.

Finally, we consider how using the same definition across countries affects 
relative urbanization rates. Uchida and Nelson (2010) used high-resolution 
spatial information on population size and location to apply a standard defi-
nition of an “urban area” to all countries. The resulting urban agglomeration 
index reported in Figure 9.6 requires that a location have a minimum pop-
ulation density of 150 people per square kilometer and be within one-hour 
travel time to an urban center of either 50,000 or 100,000 people. Travel time 
is calculated based on the location of roads, including their surface type and 
slope. The figure compares urban population shares for different definitions 
of urban areas, including countries’ official definitions.

Applying a uniform definition of urban affects urban population shares 
differently across developing regions. In South Asia (SA), for example, the 
official definition puts the region’s urban population share at 27 percent, 
which is the lowest of all developing regions. However, when the authors’ 
urban agglomeration criteria are applied, the region’s urban population share 
rises to 42 and 51 percent, depending on whether the core urban area needs 
to contain 100,000 or 500,000 people, respectively. Urbanization rates in the 
Middle East and North Africa (MENA) also increase, although the change is 
not as pronounced as in SA. In contrast, LAC, which by official definitions is 
the world’s most urbanized region, sees its urban population fall considerably 
(from 75 percent to as low as 56 percent). There are smaller and inconsistent 
changes for the other three regions.

In summary, there are major differences in how countries define urban 
areas. That said, the types of criteria used do not greatly influence urban pop-
ulation shares. Rather, it is the threshold values of these criteria that mat-
ter. For instance, SA and LAC may both use population levels as criteria but 
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FIGURE 9.5 Urban criteria and population shares, 2015
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FIGURE 9.6 Developing country populations within urban agglomerations, 2000
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apply very different threshold values. Applying common thresholds substan-
tially reduces the gap in urban population shares between these two extreme 
regions. This sensitivity to how urban area is defined reveals the existence 
of an urban-rural “continuum,” in which locations transition from (1) large 
densely populated areas (cities and towns) to (2) lower-density areas with sub-
stantial access to urban markets (peri-urban areas) to (3) remote rural areas in 
the hinterlands. We expect economic linkages and household livelihoods to 
vary across this continuum, implying different roles for agriculture in reduc-
ing poverty.

Spatial Consumption and Poverty Patterns

Poverty is typically measured in developing countries using information 
on household consumption spending, including the imputed value of own- 
produced goods and services. The Global Consumption Database (World 
Bank 2017) provides consistent estimates of household spending in 2010 for 
77 developing countries. Using this information, Table 9.2 reports differences 
in consumption patterns across rural and urban areas. As expected, the table 
shows that per capita consumption is higher in middle-income countries and 
that consumption is consistently higher in urban areas, irrespective of the level 
of development. As a result, the urban consumption share is much higher than 
the urban population share. In LICs, for example, urban areas accounted for 
25 percent of the population in 2010, but 36 percent of total consumption 
spending. Urban areas therefore account for a disproportionate share of total 
consumer demand.

Urban consumers generate backward demand linkages to rural agricul-
ture. Even in LICs, where most of the population still live in rural areas, 
urban consumers account for about a third of total food consumption, most 
of which is produced in rural areas. This is despite urban households allocat-
ing a smaller share of their consumption basket to food products (mainly due 
to their higher incomes). For example, urban households in developing coun-
tries account for 68 percent of total spending on all goods and services, but 
only 59 percent of spending on food and beverages. This gap is present across 
developing regions and country income groups, as well as between lower- and 
higher- income households within developing countries (see the final two col-
umns in Table 9.2).

Urban households consume different kinds of food products. This is evi-
dent from the low urban consumption share for cereals, fats, and oils but 
high shares for meat, dairy, and fish. Urban consumers are also more likely to 
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consume processed products, such as bread, rather than less-processed prod-
ucts, such as cereals. Finally, urban households are the most important con-
sumers of meals prepared outside of the home, such as at restaurants and 
from street vendors. Urbanization and urban income growth not only gen-
erate demand for agricultural products, but also alter the composition of the 
national agriculture-food system (Tschirley et al. 2015), with uncertain impli-
cations for poor households and smallholder farmers (Thurlow, Dorosh, and 
Davies 2019).

TABLE 9.2 Differences in consumption patterns between rural and urban areas, 2010

Indicator
All  

countries

Country income group Household group

LIC LMIC UMIC
Lower 
income

Upper 
income

per capita spending ($ppp) 1,645 738 983 2,703 639 3,197

rural households 916 636 719 1,378 603 2,203

urban households 2,628 1,044 1,444 3,800 751 3,593

urban share of population (%) 42.6 25.1 36.4 54.7 23.9 71.5

urban share of spending (%) 68.0 35.5 53.4 76.9 28.0 80.4

nonfood goods and services 73.4 43.5 60.5 79.3 30.9 82.5

Food and beverages 59.4 29.6 45.8 72.1 25.6 76.1

Cereals and roots 40.8 21.7 35.9 62.5 23.1 63.6

Fats and oils 52.7 36.7 44.2 66.5 26.5 72.5

Fruits 64.5 36.1 51.7 72.1 24.3 77.0

vegetables 57.1 26.4 43.6 72.6 26.3 76.4

Meat and eggs 66.0 36.0 53.9 71.3 26.2 77.4

Milk and dairy 58.4 26.0 45.6 77.4 25.7 77.5

Fish and seafood 59.3 44.6 46.8 69.1 26.7 75.2

Sugar and confectionary 49.8 36.3 40.6 64.3 24.4 69.1

bread and baked goods 72.6 65.3 59.5 78.1 41.6 80.6

other foods 56.9 26.5 44.6 69.2 24.4 74.7

beverages 67.1 36.4 58.4 72.8 28.2 78.0

restaurants and vendors 74.0 40.8 65.4 77.0 28.0 82.7

Source: authors’ calculations using the global Consumption database from world bank (2017).
Note: liC = low-income countries; lMiC = lower-middle-income countries; uMiC = upper-middle-income countries; ppp = 
purchasing power parity. Sample is 77 countries; 2015 population coverage is 85% liC, 91% lMiC, and 80% uMiC. table 
uses official urban definitions. households are grouped (across countries) based on average level of per capita consumption 
spending (including consumption of own-produced products). lower-income household group spends less than $2.97 per 
person per day after adjusting for 2005 purchasing power parity (ppp); upper-income household group spends more than 
$2.97.
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Finally, Table 9.3 provides a rough assessment of household poverty and 
living conditions in urban areas across developing countries. The table reports 
poverty head count rates based on the World Bank’s $1.25 per day poverty 
line (adjusted for purchasing power parity). The rural and urban poverty 
ratios were computed by the World Bank for IFAD (2016) and provided to 
us for this study. The poverty ratios are for different years. Table 9.3 uses the 
most recent poverty estimate for each country—dropping those countries 
where recent surveys are unavailable.

As mentioned, urban households have higher consumption levels, and so 
urban poverty is almost always lower than rural poverty. National poverty 
ratios are also lower in more-developed countries. Urbanization, however, 
has, in recent years, caused the share of poor people living in urban areas to 
increase. This is driven either by an inflow of poor migrants from rural areas, 
or by overcrowding in low-income urban neighborhoods. Even when migrants 
are better educated and wealthier than the average rural household, they may 
still be poorer than the average urban household. Unfortunately, evidence on 

TABLE 9.3 Living conditions in rural and urban areas

Indicator
All  

countries

Country income group

LIC LMIC UMIC

poverty headcount ratio (under $1.25) (%) 16.8 40.9 22.8 4.3

urban areas 9.8 29.6 18.5 1.3

rural areas 22.8 45.3 25.4 8.8

urban share of poor population (%) 26.4 20.0 29.7 18.2

approximate change, 2000s (percentage point) 8.4 0.9 7.8 5.2

urban population in slums (%) 29.9 64.9 32.2 23.7

urban population without access to facilities (%)

electricity 5.1 42.1 5.4 0.3

improved sanitation 23.8 59.7 33.1 12.1

improved water 4.9 13.5 6.6 2.6

rural population without access to facilities (%)

electricity 29.7 83.2 30.4 1.8

improved sanitation 54.0 76.7 58.8 32.5

improved water 17.3 44.6 14.9 8.6

Source: authors’ calculations using data from iFad (2016) and world bank (2018).
Note: liC = low-income countries; lMiC = lower-middle-income countries; uMiC = upper-middle-income countries. Sample 
is 94 countries. poverty line is $1.25 per day adjusted for 2005 purchasing power parity (ppp). population-weighted poverty 
ratios are estimated using surveys closest to 2012 (and to 2000 for change in urban share of poor population).
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the characteristics of new urban migrants is limited, particularly in SSA. That 
said, the growth of informal trade services in urban Africa over the last decade 
suggests that new migrants’ education and expertise may lend themselves 
more to some of the less-productive and lower-paid occupations within urban 
areas. Inadequate housing and public services also help explain urban poverty 
in Africa (Lall, Henderson, and Venables 2017).

The “urbanization of poverty” is most pronounced in middle-income 
countries, where rural populations are growing slowly or even contracting 
(see above). In LMICs, for example, urban areas are home to about 30 percent 
of poor people, and this share has risen over the last decade or more. In con-
trast, LICs have seen a much smaller expansion in urban poverty, despite more 
rapid urban population growth. This is because the gap between urban and 
rural poverty is much larger in these countries and, more importantly, because 
rural populations continue to grow quite rapidly. Long-run projections sug-
gest that faster urban economic growth will outweigh urbanization, leading to 
an eventual concentration of the world’s poor population in rural areas in SSA 
(Thurlow, Dorosh, and Davies 2019).

Urban households in LICs also lack access to basic services. Two-thirds of 
urban residents live in slums, and many do not have access to electricity and 
improved sanitation facilities and water sources. Even “middle-class” Africans, 
most of whom live in cities and towns, often lack the assets and income secu-
rity typically associated with middle-class lifestyles in developed countries 
(for example, properly roofed dwellings, flush toilets, piped water, and formal- 
sector jobs) (Thurlow, Resnick, and Ubogo 2015). This underscores the huge 
infrastructure and service gaps that already exist in urban areas, and the pres-
sure on local governments to provide for new migrants. Of course, household 
poverty and asset gaps are much larger in rural areas.

Given the pace of urbanization and existing living conditions in urban 
areas, it is perhaps not surprising that more than half of developing coun-
try governments (78 of 148) have implemented policies specifically aimed at 
reducing rural-to-urban migration (UN DESA 2016b). To avoid congestion 
in major cities, many governments (47 of 148) are also attempting to encour-
age populations in major cities to move to smaller towns and peri-urban areas. 
Almost every government has policies aimed at improving income opportu-
nities and living conditions in rural areas, and some governments even aim 
to narrow the rural-urban divide. Urban and rural policies need to be closely 
aligned with broader national development strategies. This is especially true 
in LICs and SSA, where urban and rural populations are expanding fastest 
and where global poverty is concentrating.
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Framing rural–Urban Linkages
The previous section provided five key facts about urbanization, agriculture, 
and poverty. First, while urbanization is associated with workers leaving agri-
culture, the rural economy is not solely composed of farming. The nonfarm 
sector is a large part of the rural economy (Davis et al. 2010), and urban agri-
culture is also important for urban economies and the broader food system 
(Zezza and Tasciotti 2010). Davis et al. (2010), for example, find that off-farm 
activities account for almost half of all rural incomes in their sample of devel-
oping countries. Self-employment in informal trade services is the main rural 
nonfarm activity and is much larger than rural manufacturing, particularly 
in SSA. Second, at the national level, the movement of workers out of agri-
culture into nonagricultural sectors is a major driver of economic growth and 
structural change in developing countries. Third, many people live in peri- 
urban areas close to urban centers, especially in SA and LAC. Migrants from 
more-remote rural areas may choose peri-urban areas over urban centers in 
order to avoid living in slums. Similarly, rural agriculture and urban indus-
tries may choose to locate within peri-urban areas, where firms face lower con-
gestion costs and farms have better access to urban consumers, particularly 
markets for high-value foods. Fourth, urban unemployment and poverty are 
major concerns, even though most of the poor live in rural areas. Finally, many 
governments are actively trying to reduce the speed of urbanization (and an 
urbanization of poverty) by investing in rural areas.

To be more effective, national development strategies need to have align-
ment between urban, industrial, and agricultural policies, as well as alignment 
between public and private sector incentives and objectives. The facts listed 
above indicate the importance of considering both spatial and sectoral trans-
formation when evaluating policy options. This section provides a conceptual 
framework that is useful for linking these sectoral and spatial dimensions of 
economic transformation. The framework emphasizes the rural-urban con-
tinuum that extends across cities, towns, and villages and considers how strat-
egies for agricultural transformation may vary depending on where they are 
implemented in relation to urban centers. The framework also recognizes that 
not all agricultural activities are low-productivity activities (and not all nonag-
ricultural activities are high in productivity). Instead, the returns to employ-
ment in different sectors will vary depending on where the job is located and 
whether rural or urban markets are being supplied. The framework encour-
ages agricultural economists to look beyond the farm and consider how 
consumption patterns and market potential vary across space. Similarly, it 
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encourages urban economists to consider the broader role of smaller towns in 
promoting rural farm and nonfarm development.

The framework is presented in Figures 9.7 and 9.8. As agriculture-food 
systems transform, there is a gradual reorientation of farmers and their prac-
tices from subsistence to commercialization and finally to modernization 
(Figure 9.7). This involves a shift from production of diverse foods for subsis-
tence consumption—first to selling largely unprocessed agricultural products 
in local markets, and then to more-intensive formal processing and retailing 
of food products. Agricultural transformation therefore involves an increas-
ing number of value-chain actors (farmers, aggregators, processors, wholesalers, 
retailers, and consumers), as is stressed in Chapter 12.

This process closely follows economic transformation, in which workers 
move from low-productivity sectors, like agriculture, into more- productive 
nonagricultural sectors (Figure 9.8). Within the food system, this usually 
involves a shift out of farming into trading and processing. It is now recog-
nized that, while average labor productivity in agriculture is lower than else-
where in the food system, these averages hide considerable variation within 
these sectors. In other words, some agricultural workers or activities generate 
higher value-added per worker than some downstream activities or sectors, 
such as agro-processing. Economic development therefore also involves a move 
out of low- to higher-productivity activities within agriculture.

Higher-productivity agricultural activities may be unevenly distributed 
within a country, and so agricultural transformation may promote certain 
locations over others. As countries develop, they typically experience a spa-
tial transformation along the rural-urban continuum. Transport networks 
improve and populations concentrate, creating urban “catchment areas” 
around major cities, large towns, and to some extent, even small towns. Fewer 
areas remain remote, and they account for a smaller share of the national 
population. Only in very remote rural areas does agriculture almost com-
pletely dominate the local economy, with the nonagricultural sector almost 
entirely absent. Most agricultural output in countries is produced in relatively 
well-connected rural areas, such as the “peri-urban” areas lying within the 
catchments of cities and towns. These areas also support substantial nonag-
ricultural employment and production, including manufacturing, trade and 
transport, and various services. And, as discussed above, although agriculture 
is only a small part of the economies of cities and larger towns, there is still 
some agricultural employment in urban areas that may account for a major 
share of national agricultural employment.
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Policy priorities will vary across space and by the stage of agricultural 
transformation. In remote rural areas, where agricultural transformation is 
still in its earlier stages, raising farm productivity and reducing poverty and 
hunger among smallholder subsistence farmers is more likely to be the main 
policy objective. In peri-urban areas and small towns, farmers are generally 
more market oriented, and there is greater scope to promote nonagricultural 
activities, making agricultural commercialization and off-farm income diver-
sification more important policy priorities. This may include investing in and 

FIGURE 9.8 Linking sectoral and spatial transformations
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FIGURE 9.7 Agriculture’s transformation process

Agricultural transformation

Subsistence 

Modernization 

Farmers Processors Traders Consumers

Farmers Traders Consumers

Farmers Consumers

Commercialization 

(diversified foods produced, processed, and consumed within the household)

(foods aggregated from farmers and traded in local markets)

(specialized production and processing of foods traded by formal retailers)

= shift from diversified subsistence farming to higher-value specialized
marketed production, with greater integration to downstream processing and urban and peri-urban
consumers

Source: authors.

304 Chapter 9



supporting food processors and traders. Finally, within the boundaries of cit-
ies and large towns, key policy issues are more likely to include food safety, reg-
ulation of urban traders, promoting more formal private sector operators, and 
managing import competition.

Figure 9.8 divided the population into four broad areas: cities, towns, 
peri-urban areas, and remote rural areas. Figure 9.9 provides some indication 
of the share of the total population living in these areas, although the data 
are from two decades ago. The figure draws on analysis conducted for FAO 
(2017) using the same spatial population data that underpinned the agglom-
eration indices discussed in the second section (see Uchida and Nelson 2010). 
Cities are defined as locations within one hour of an urban agglomeration of 
500,000 people or more, whereas towns include locations within one hour 
of urban agglomerations with 50,000–500,000 people. Peri-urban areas are 
within three hours of cities and towns, and remote rural areas are more than 
three hours away.

About a fifth of the developing world’s population live in cities, and 
another fifth live in remote rural areas. The remaining population is evenly 

FIGURE 9.9 Developing country populations across the rural and urban hierarchy, 2000
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divided across towns and peri-urban areas. Both UMICs and LMICs share 
this broad population distribution, partly because most large developing coun-
tries fall into one of these two groups. The spatial distribution is very dif-
ferent in LICs, where two-fifths of the population live in remote rural areas 
and only a third live in either cities or towns. Differences are even more pro-
nounced across developing regions. About 70 percent of the populations in 
LAC and MENA live within one hour of a city or town, and only 10 percent 
live in remote rural areas. This pattern is almost reversed in SSA, where 
65 percent of the population lives more than an hour away from a city or town. 
That said, about half of the rural population in SSA live in peri-urban areas 
within three hours of a city or town. Many urban centers in SSA fall below 
the 50,000- person threshold and so are reclassified as peri-urban areas in the 
figure (see Dorosh and Thurlow 2013). Nevertheless, the large peri- urban 
population suggests that there is scope for farmers to raise their incomes by 
supplying foods (even perishable foods) to urban markets or by working as 
seasonal or circular migrants within the urban economy.

Figure 9.8 also suggests that while average labor productivity may be higher 
in nonfarm activities (Gollin, Lagakos, and Waugh 2014), this hides the wide 
range of jobs within the agricultural and nonagricultural sectors. A large share 
of economic growth in Africa over the last decade was generated by wholesale 
and retail trade, and much of this was in the low-productivity informal sector 
(McMillan, Rodrik, and Verduzco-Gallo 2014; Thurlow, Dorosh, and Davies 
2019). Parts of the agricultural sector, especially high-value crops and livestock, 
may be more productive than informal trade, manufacturing, and business 
services. There is evidence to support this. McCullough (2017) used time-use 
data from household surveys to estimate hourly labor returns for individual 
workers in four African countries. Findings suggest that, in some countries, 
hourly labor returns are higher in agriculture than in industry. Nagler and 
Naudé (2017) use the same household data to estimate how labor productivity 
in nonfarm enterprises changes, the further these enterprises are located from 
urban markets. Figure 9.10 reports their findings for Uganda. While average 
labor productivity is higher in urban areas, this hides the large overlap in labor 
productivity in rural and urban areas. Just as it is incorrect to equate rural 
areas with agriculture, it is also incorrect to equate rural areas with low-pro-
ductivity jobs (at least for households’ nonfarm enterprises).

The above framework captures some of the main arguments from both 
the pro-agriculture and pro-urban perspectives. The next section implements 
this framework using a model of Malawi’s economy to evaluate the impacts of 
urbanization and investments along the rural-urban continuum.
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FIGURE 9.10 Labor productivity of nonfarm enterprises in Uganda (by rural/urban area or 
distance to nearest urban population center)
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Investing in agricultural Growth  
or Urban Development
An open-economy computable general equilibrium (CGE) model used in this 
section separates the Malawian economy into detailed sectors and household 
groups within cities, towns, and rural areas. Previous sections emphasized 
cross-country variation in urban definitions and the importance of peri- 
urban areas, but due to data constraints, we retain Malawi’s official defini-
tion of urban centers and cannot separate peri-urban and more-remote rural 
areas. Nevertheless, the model still captures key aspects of the debate over the 
roles of rural agriculture and urban areas in development, including agricul-
ture’s production and demand linkages, internal rural-to-urban migration, 
and urban agglomeration economies and congestion effects (see Dorosh and 
Thurlow 2011, 2013). The model’s parameters are calibrated to a 2010 social 
accounting matrix and to employment and migration data from national labor 
force surveys and population censuses (see Pauw, Schuenemann, and Thurlow 
2015). Urban agglomeration effects are calibrated to cross-country estimates 
from Henderson and Wang (2005).

Workers in cities, towns, and rural areas are fully employed, but their labor 
markets are segmented by education levels. Full employment for lower-skilled 
workers in rural areas reflects seasonal labor shortages and distance barriers 
to circular migration. Full employment in urban areas reflects the greater skill 
intensity of urban employment and a scarcity of those skills within the urban 
labor force. Barriers to migration lead to trade-offs between farm and non-
farm work, which may explain why so few farm households in Malawi also 
earn incomes from nonfarm enterprises and off-farm work, despite the coun-
try’s high population density (Benson, Erman, and Baulch 2019).

Even without full employment, migrants from rural areas in the model 
would still need to compete with urban workers and would have limited job 
opportunities in more skill-intensive sectors. Workers migrate in response to 
wage differentials, with initial migration replicating observed flows at pre-
vailing wage gaps. Workers migrate with their families. Cities and towns 
benefit from migrant workers, but their labor dependency ratios rise. Finally, 
migrants adopt the consumption patterns of urban households at similar 
income levels, including the import intensity of their consumption baskets.

The model is dynamic and is used to evaluate future growth, urbanization, 
and investment trajectories until 2030. We run three policy scenarios. The 

“faster urban migration” scenario simulates faster rural-to-urban migration 
without reallocating public resources. The “higher urban investment” scenario 
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again simulates faster migration but increases public investment in urban 
areas. Government resources are fixed in this scenario, and so higher urban 
investment reduces rural investment. Finally, the “maintaining rural invest-
ment” scenario simulates faster urbanization and higher urban investment (as 
above) but maintains rural investment levels by increasing urban taxation.

The model used in this analysis incorporates neoclassical microeconomic 
assumptions regarding consumer demand, producer profit maximization, 
and market-clearing prices, as well as the special features related to positive 
agglomeration effects on total factor productivity in urban areas. The empir-
ical results are heavily dependent on the structure of the Malawian econ-
omy as captured in the detailed social accounting matrix, which does capture 
some of the country’s macroeconomic rigidities and resource misallocations. 
The model also draws on econometric analysis of consumer behavior, such 
as by imposing income elasticities. However, the model abstracts from vari-
ous important aspects of household decision-making that is often the focus of 
the more recent microeconomics literature. This includes incorporating risk 
and risk aversion, quasi-hyperbolic discounting and demand for commitment 
devices, status quo biases, and gender dynamics and related labor market fric-
tions or allocation inefficiencies (see discussion in Dercon and Gollin 2014).

There is considerable scope to develop more elaborate structural models 
that incorporate the recent findings from household-level behavioral studies, 
especially on the factors influencing a worker’s decision to migrate (urban-
ize) and the economic relationships that migrants maintain with their send-
ing households (in rural areas). In fact, a major gap in the rural-urban linkages 
literature is a lack of sophisticated macro-micro economic models, especially 
for developing countries. Macroeconomic modeling would benefit from stron-
ger microempirical foundations, whereas microeconomic studies could bene-
fit from demonstrating the economywide importance of their findings about 
household and worker behavior.

Malawi Case Study

Before presenting the results of these scenarios, we introduce the Malawian 
case study and the country’s baseline (or business-as-usual) growth path. 
Malawi has much in common with other low-income agrarian economies. 
Economic growth over the last 15 years was modest but was enough to raise 
average per capita incomes. Underlying the growth process were three major 
trends. First, while agriculture is the dominant sector, most recent growth 
came from urban areas and the rural nonfarm economy. Second, urban 
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population growth exceeds rural population growth, but the urban popula-
tion share is only increasing slowly. Third, urban poverty ratios have risen, 
even though national poverty ratios have declined.

Given the above trends, it is possible to reach different conclusions about 
where Malawi’s government should focus. Investing in agriculture could raise 
incomes for smallholder farmers in rural areas, who make up most of the pop-
ulation. Alternatively, investing in cities or towns could generate even faster 
urban economic growth, with potential benefits for migrants and rural areas. 
Malawi’s Growth and Development Strategy has traditionally favored rural 
agriculture and small villages. In fact, this series of strategies has explicitly 
aimed to reduce the pace of urbanization, which is considered a constraint to 
economic development. While the existing strategy is definitive, there is some 
debate in Malawi over whether agriculture, as opposed to industry and urban 
areas, should remain the focus of future policies (see World Bank 2016).

Malawi’s rural and urban economies are compared using a social account-
ing matrix (SAM) built for this study. Sectors and households are disaggre-
gated across rural and urban areas using household and economic survey data. 
Table 9.4 summarizes the main characteristics of the city, town, and rural 
economies. Rural areas contain 85 percent of the population but generate 
only 62 percent of GDP. Household consumption in rural areas is below aver-
age, which explains why most poor Malawians live in rural areas. Agriculture 
is concentrated in rural areas, but there is also a large rural nonfarm econ-
omy. Rural households spend two-thirds of their income on food and agricul-
tural products.

Towns have 3 percent of the population and contribute 6 percent of the 
GDP. While there is some farming within town boundaries, the main sectors 
are industry and services, and these tend to employ slightly better-educated 
workers than rural agriculture. Compared with rural households, town house-
holds consume more processed foods and fewer unprocessed agricultural 
products. Households in cities have a similar preference for processed foods. 
Cities are the core of Malawi’s economy—they contain a tenth of the popula-
tion but generate a third of the GDP. Consumption levels are highest and pov-
erty is lowest in cities. Services are concentrated in cities, and this is reflected 
in consumption patterns.

Table 9.4 also provides information on the size of rural-urban demand 
linkages. City households, for example, account for 18 percent of consump-
tion spending on agricultural products, but they produce only 5 percent of 
agricultural output. Cities are therefore “net importers” of agricultural prod-
ucts from rural areas (even after accounting for urban food imports). Overall, 
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urban areas import most of their agricultural products from rural areas, 
although they are almost self-sufficient for processed foods. Urban centers in 
turn export services to rural areas, including transport, finance, and business. 
Both rural and urban areas rely on foreign imports for industrial products 
(for example, machinery and chemicals). These economic structures and link-
ages will determine the impacts of urbanization and public investments in our 
model scenarios.

TABLE 9.4 Malawi’s city, town, and rural economies, 2010

Indicator Rural areas Towns Cities All

Consumption per capita ($) 341 940 1,136 458

poverty headcount rate (%) 45.3 18.4 9.4 40.0

population share (%) 84.6 2.7 12.7 100

poor population share (%) 95.8 1.2 3.0 100

Sector gdp shares (%) 100 100 100 100

agriculture 49.2 9.5 4.5 32.3

industry 15.5 20.0 17.7 16.5

Services 35.3 70.5 77.8 51.2

regional gdp shares (%) 61.6 5.9 32.5 100

agriculture 93.8 1.7 4.5 100

industry 57.9 7.2 34.9 100

Services 42.5 8.1 49.4 100

employment shares by education (%) 100 100 100 100

Secondary schooling completed 6.0 12.4 16.1 7.3

primary schooling completed 30.8 37.9 40.9 32.0

primary schooling incomplete 63.2 49.7 43.0 60.7

total consumption shares (%) 100 100 100 100

agriculture 49.3 28.7 22.1 39.6

processed foods 14.3 13.7 12.8 13.8

industrial goods 9.2 18.8 12.9 10.9

Services 27.3 38.8 52.1 35.7

product consumption shares (%) 63.0 5.5 31.5 100

agriculture 78.4 4.0 17.6 100

processed foods 65.2 5.5 29.3 100

industrial goods 53.1 9.5 37.4 100

Services 48.1 6.0 45.9 100

Source: Malawi social accounting matrix and Cge model.
Note: gdp = gross domestic product. poverty line is upper threshold of second per capita consumption quintile.
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Baseline Scenario

The baseline assumes a continuation of recent trends (1998–2013). The pop-
ulation grows at 2.8 percent per year, with faster growth in cities and towns 
(Table 9.5). Labor supply grows more slowly at 1.4 percent per year, and land 
supply grows even more slowly at 0.5 percent (reflecting major land con-
straints). Private investment and capital accumulation rates are endogenous; 
public investment is exogenous and increases faster than the population.

Total factor productivity (TFP) growth has exogenous and endogenous 
components. The latter include urban agglomeration effects (and offsetting 
congestion effects) proxied by population density. Urban nonagricultural 
productivity grows faster than rural agricultural productivity in the base-
line. Overall, national GDP grows at 4.0 percent per year (or 1.2 percent in 
per capita terms). There is only modest structural change in the baseline. The 
urban population share rises from 15 to 16 percent during 2010–2030, and 
agriculture’s share of GDP falls. Poor households in the bottom two con-
sumption quintiles enjoy modest welfare gains. Equivalent variation (EV), a 
consumption-based welfare measure that adjusts for changing prices, grows 
at 0.1 percent per year. Nonpoor households’ welfare grows much faster 
(1.2 percent), implying a widening gap between poor and nonpoor households 
in the baseline.

Faster Urban Migration

The faster urban migration scenario increases rural-to-urban migration rates 
above historical values. The urban population share now rises to 21.1 percent 
in 2030, as compared with 16.2 percent in the baseline. Faster migration 
increases urban labor supply and narrows the gap between urban and rural 
wages. Urbanization reduces rural labor supply, but it also generates back-
ward linkages to agriculture, mainly because higher urban incomes gen-
erate demand for food (Table 9.6). Overall, faster urbanization leads to a 
0.7 percentage point increase in the national GDP growth rate such that by 
2030 the national economy is 14.1 percent larger than it would have been 
without faster urbanization.

All additional economic growth from faster urbanization occurs in cit-
ies and towns. Despite increased agricultural production, the rural economy 
contracts (relative to the baseline) due to slower growth of rural nonfarm 
activities. This change in the composition of rural employment is mainly 
caused by higher demand from urban households for imported goods, a real 
exchange rate depreciation, and greater incentives to produce exports (and 
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TABLE 9.5 Baseline scenario, 2010–2030

Indicator Rural areas Towns Cities All

annual gdp growth (%) 3.04 4.91 5.22 3.96

labor 1.10 2.90 2.90 1.38

Crop land/livestock 0.50 0.00 0.00 0.48

private capital 4.09 6.17 6.37 6.22

public capital 3.67 3.93 2.95 4.00

tFp 1.28 1.43 1.64 1.30

annual migrant flow (1,000s) −16.98 3.35 13.63 0.00

inflow 0.00 3.80 13.63 17.43

outflow −16.98 −0.45 0.00 −17.43

Change in share of workforce (%) −0.31 1.62 1.71 0.00

population growth rate (%) 2.70 3.27 2.98 2.75

Source: Malawi Cge model results.
Note: gdp = gross domestic product; tFp = total factor productivity.

TABLE 9.6 Economic growth and household welfare results, 2010–2030

Indicator
Baseline annual 
growth rate (%)

Urbanization scenarios  
(percentage point deviation from baseline)

Faster urban 
migration

Higher urban 
investment

Maintaining rural 
investment

annual gdp growth 3.96 0.66 0.68 0.82

agriculture 2.81 0.17 −0.03 0.14

industry 4.69 0.83 0.95 1.10

Services 4.35 0.83 0.90 1.03

rural areas 3.04 −0.29 −0.52 −0.33

towns 4.91 1.23 1.22 1.54

Cities 5.22 1.60 1.83 1.91

annual welfare change 1.01 1.52 1.48 1.36

poor 0.13 0.25 0.14 0.25

urban 0.95 −0.07 −0.16 0.00

rural 0.06 0.23 0.12 0.22

nonpoor 1.16 1.73 1.70 1.56

urban 1.90 1.88 1.92 1.63

rural 0.45 0.82 0.71 0.70

Source: Malawi Cge model results.
Note: gdp = gross domestic product.
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other tradable goods) within the rural economy. Because of this change, labor 
allocations within agriculture shift toward export crops, such as tobacco and 
cotton, and toward food crops that are difficult to substitute with imports, 
such as livestock and fish. Urbanization in Malawi encourages a shift toward 
higher-value activities in agriculture, and this is consistent with recent survey- 
based studies suggesting that urbanization in SSA transforms national food 
systems (Tschirley et al. 2015).

Faster urbanization accelerates structural change in Malawi. Migration 
to urban centers causes agricultural employment to fall and nonagricultural 
employment to increase, particularly in trade services. Again, this is consistent 
with recent growth and employment trends in SSA (Thurlow, Dorosh, and 
Davies 2019). Migration also results in more manufacturing and construction 
jobs, in part because urban migrants demand more manufactured goods.

Finally, the increase in urban population exceeds the increase in urban 
GDP, leading to lower urban per capita GDP and welfare relative to the base-
line. Conversely, the decline in the rural population is larger than the decline 
in rural GDP, and so rural welfare improves. Faster urbanization leads to 
higher national welfare and falling poverty, but most of the benefits accrue to 
nonpoor households. Thus, while urbanization raises national GDP and wel-
fare and stimulates agricultural growth, it also leads to an “urbanization of 
poverty” as urban centers struggle to absorb migrant workers and their fami-
lies. This might justify reallocating public resources from rural to urban areas.

Higher Urban Investment

The decline in urban welfare in the faster urban migration scenario is partly 
due to declining public capital (infrastructure) per capita (relative to the base-
line) as urban populations increase. To avoid these adverse congestion effects, 
the higher urban investment scenario increases public investment in cities and 
towns so that urban public capital per capita remains unchanged from base-
line levels. The overall level of government spending is fixed, however, and so 
increasing urban investment in this scenario reduces investment in rural areas, 
causing agricultural TFP to fall below baseline levels. In other words, we cap-
ture both the benefits and opportunity costs of raising urban investment.

As shown in Table 9.6, GDP growth in the industrial and service sectors is 
faster in the higher urban investment scenario than in the faster urban migra-
tion scenario. Agricultural growth decelerates, however, and is even slower 
than in the baseline. Faster urban GDP growth widens the gap between 
urban and rural wages and encourages more migration to urban centers. Not 
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surprisingly, urban welfare is higher and rural welfare is lower when invest-
ments are reallocated toward urban centers.

Reallocating investment away from rural agriculture does not achieve the 
goal of preventing urban poverty from rising with urbanization. Instead, the 
model simulations show that reducing rural investment leads to even worse 
outcomes for poor urban households, because slower agricultural growth leads 
to higher real food prices. This finding is consistent with traditional devel-
opment models that argue that raising agricultural productivity benefits the 
urban poor by reducing food prices (see Diao, Hazell, and Thurlow 2010). 
The results suggest that increasing urban investment is necessary to prevent 
an urbanization of poverty, but this should not come at the expense of rural 
investments (at least over the near term).

Maintaining Rural Investment

The final scenario increases government spending in urban areas (as in the 
previous scenario) but finances these investments by raising direct tax rates 
on urban enterprises and households rather than reducing rural investments. 
Raising domestic revenues is a challenge for countries like Malawi, where the 
tax base is small and the government has few tax instruments to apply. Higher 
tax rates could also lead to tax evasion. Nevertheless, this scenario allows us 
to assess the potential economywide benefits of a more balanced rural and 
urban investment strategy, while still accounting for both benefits and costs of 
investment decisions.

Maintaining rural investment, while also increasing urban invest-
ment, leads to faster agricultural growth relative to the baseline (that is, by 
0.14 percentage points per year) and higher overall GDP growth. As shown 
in Table 9.6, secondary towns are the main beneficiaries from maintaining 
rural investment levels, since the economy of towns is more closely linked to 
rural agriculture, and town households tend to be poorer than city households 
with higher shares of food in their consumption baskets. Preventing the fall in 
agricultural productivity actually leads to faster rural-to-urban migration and 
most of the increase in the urban migrant population occurring in second-
ary towns.

Poor urban households are better off in the maintaining rural invest-
ment scenario than in either the faster urban migration or the higher urban 
investment scenarios. By design, urban welfare now remains unchanged, com-
pared with the 1.3 and 3.1 percent declines in the previous scenarios. Poor 
rural households are also better off when rural investment is maintained at 
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baseline levels. Only nonpoor urban households are worse off, because taxes 
are raised to finance urban investments. Even with higher taxes, however, 
nonpoor urban households are still the main beneficiaries from faster urban-
ization—their per capita welfare is still 38.1 percent higher in 2030 than it 
would have been without faster urbanization, and this is only slightly below 
the 46.4 percent welfare improvement they would have enjoyed had they not 
had to finance urban investments.

The Malawi case study provides some insights into the relationship 
between agriculture, urbanization, and poverty. As in many developing coun-
tries, Malawi’s development plan views urbanization as a constraint to devel-
opment. To reduce migration, the strategy focuses on raising agricultural 
productivity and value addition and creating markets and job opportunities 
in rural villages. The above analysis suggests that faster urbanization is not a 
constraint but rather a potential catalyst for long-term economic development 
in Malawi. Urbanization accelerates national economic growth and struc-
tural change and can help spur rural transformation and poverty reduction. 
However, reducing investments in rural agriculture to finance urban devel-
opment can lead to an “urbanization of poverty” that underpins many of the 
concerns about urban migration in Malawi. Instead, findings suggest that 
urbanization can finance itself (via urban taxes) without preventing higher- 
income urban households from benefiting from urban development.

Conclusions
Rapid urbanization is a defining feature of low-income countries, even as 
rural populations continue to grow. Greater attention should therefore be 
paid to the spatial dimensions and urban drivers of agricultural transforma-
tion. Unfortunately, agricultural and urban policies are usually developed in 
isolation from each other and are often viewed as being in competition. This 
perceived competition between sectors has led many countries to adopt poli-
cies aimed at curbing internal migration or redirecting scarce public resources 
toward agriculture. However, urban populations are growing rapidly in 
low-income countries and a large share of urban residents are poor and live 
in slums. Even maintaining urban investments at current levels will be insuf-
ficient and could become a constraint to national development, including 
efforts to transform agriculture-food systems.

This chapter reviewed cross-country evidence on the relationship between 
urbanization, structural change, and poverty reduction. Urbanization is 
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associated with workers leaving agriculture. That said, the nonfarm sector is 
an important part of the rural economy, as is agricultural employment within 
the urban economy. Many people, including farmers and other workers in the 
food system, live in peri-urban areas close to urban centers. Finally, urban pov-
erty is a justified concern, even though most of the world’s poor still live in 
rural areas.

The Malawi case study considered many of the concerns and arguments 
raised by the pro-agriculture and pro-urban schools. Findings suggest that, 
contrary to national policies in many developing countries, faster urbanization 
is not a constraint on, but instead a potential catalyst for, economic develop-
ment. Urbanization can accelerate national economic growth and structural 
change and spur rural transformation and poverty reduction. The analysis, 
however, cautions against reducing investments in rural agriculture to finance 
urban development. This leads to an “urbanization of poverty” that under-
pins many concerns about urban migration in countries like Malawi. Instead, 
findings indicate that urbanization could finance itself without preventing 
higher-income urban households from benefiting from faster urbanization 
and urban development. A more balanced national strategy for developing 
countries like Malawi should limit the policy constraints placed on migration 
and instead ensure that urban policy includes investments that support urban 
enterprises and job creation, particularly in downstream components of the 
agriculture-food system.

Further research is needed to better understand the economies of small 
towns and their rural/agricultural linkages. More systematic research on agri-
culture-food systems is needed to gauge the urban extent of  agricultural value 
chains (for example, processors and traders) and the interactions between 
these value chains (for example, competition for market space, barriers to 
entry). This research agenda would require use of both household and busi-
ness surveys and the study of the incentives and needs of both firms and 
farms. Similarly, agriculture-food systems stretch across multiple sectors and 
locations, and so there needs to be better alignment between agricultural, 
industrial, and urban policies and investments. Adopting a more nuanced con-
ceptual framework, like the one presented in this chapter, requires a broad-
ening of food policy research beyond farming and value chains. It also needs 
better coordination of ministries and agencies tasked with promoting private 
sector development within food systems. While agriculture may indeed be in 
competition with urban development, it may also be that rapid urbanization 
provides the impetus needed to broaden existing food policies and research.

agriCultural growth, urbanization, and poverty reduCtion  317



references
Benson, T., A. Erman, and B. Baulch. 2019. “Change and Rigidity in Youth Employment Patterns 

in Malawi.” In Youth and Jobs in Rural Africa: Beyond Stylized Facts, edited by V. Mueller and 

J. Thurlow. Oxford: Oxford University Press.

Chamberlin, J., D. D. Headey, and T. S. Jayne. 2014. “Land Pressures, the Evolution of Farming 

Systems, and Development Strategies in Africa: A Synthesis.” Food Policy 48 (C): 1–17.

Christiaensen, L., L. Demery, and J. Kuhl. 2011. “The (Evolving) Role of Agriculture in Poverty 

Reduction: An Empirical Perspective.” Journal of Development Economics 96 (2): 239–254.

Christiaensen, L., and Y. Todo. 2014. “Poverty Reduction during the Rural–Urban 

Transformation: The Role of the Missing Middle.” World Development 63 (1): 43–58.

Collier, P., and S. Dercon. 2014. “African Agriculture in 50 Years: Smallholders in a Rapidly 

Changing World?” World Development 63 (11): 92–101.

Davis, B., P. Winters, G. Carletto et al. 2010. “A Cross-Country Comparison of Rural Income 

Generating Activities.” World Development 38 (1): 48–63.

Dercon, S. 2009. “Rural Poverty: Old Challenges in New Contexts.” World Bank Research Observer 

24 (1): 1–28.

Dercon, S., and D. Gollin. 2014. “Agriculture in African Development: Theories and Strategies.” 

Annual Review of Resource Economics 6: 471–492.

Diao, X., P. Hazell, and J. Thurlow. 2010. “The Role of Agriculture in African Development.” 

World Development 38 (1): 1375–1383.

Dorosh, P., and J. Thurlow. 2011. “Agglomeration, Growth and Regional Equity: An Analysis of 

Agriculture versus Urban-Led Development in Uganda.” Journal of African Economies 21 (1): 

94–123.

—. 2013. “Agriculture and Small Towns in Africa.” Agricultural Economics 44: 449–459.

—. 2014. “Can Cities or Towns Drive African Development? Economywide Analysis for 

Ethiopia and Uganda.” World Development 63: 113–123.

—. 2016. “Beyond Agriculture versus Non-Agriculture: Decomposing Sectoral Growth–

Poverty Linkages in Five African Countries.” World Development 109: 440–451.

FAO (Food and Agriculture Organization of the United Nations). 2017. The State of Food and 
Agriculture: Leveraging Food Systems for Inclusive Rural Transformation. Rome.

Fujita, M., P. Krugman, and A. J. Venables. 1999. The Spatial Economy: Cities, Regions, and 
International Trade. Cambridge, MA: MIT Press.

Gollin, D., D. Lagakos, and M. E. Waugh. 2014. “The Agricultural Productivity Gap.” Quarterly 
Journal of Economics 129 (2): 939–993.

318 Chapter 9



Haggblade, S., P. Hazell, and P. Dorosh. 2007. “Sectoral Growth Linkages between Agriculture 

and the Rural Nonfarm Economy.” In Transforming the Rural Nonfarm Economy: 
Opportunities and Threats in the Developing World, edited by S. Haggblade, P. Hazell, and 

T. Reardon. Baltimore: Johns Hopkins University Press.

Hazell, P., C. Poulton, S. Wiggins, and A. Dorward. 2010. “The Future of Small Farms: 

Trajectories and Policy Priorities.” World Development 38 (10): 1349–1361.

Henderson, J. V., and H. G. Wang. 2005. “Aspects of the Rural–Urban Transformation of 

Countries.” Journal of Economic Geography 5: 23–42.

IFAD (International Fund for Agricultural Development). 2016. Rural Development Report 2016: 
Fostering Inclusive Rural Transformation. Rome.

Ingelaere, B., L. Christiaensen, J. De Weerdta, and R. Kanbur. 2018. Why Secondary Towns Can Be 
Important for Poverty Reduction: A Migrant Perspective. Jobs Working Paper 12. Washington, 

DC: World Bank.

IPUMS (Integrated Public Use Microdata Series). 2019. International: Version 7.2. Minnesota 

Population Center, Minneapolis, MN. https://doi.org/10.18128/D020.V7.2.

Johnston, D. G., and J. W. Mellor. 1961. “The Role of Agriculture in Economic Development.” 

American Economic Review 51 (4): 566–593.

Lall, S. V., J. V. Henderson, and A. J. Venables. 2017. Africa’s Cities: Opening Doors to the World. 

Washington, DC: World Bank.

Masters, W. A., A. A. Djurfeldt, C. De Haan, P. Hazell, T. Jayne, M. Jirström, and T. Reardon. 

2013. “Urbanization and Farm Size in Asia and Africa: Implications for Food Security and 

Agricultural Research.” Global Food Security 2 (3): 156–165.

McCullough, E. B. 2017. “Labor Productivity and Employment Gaps in Sub-Saharan Africa.” Food 
Policy 67: 133–152.

McMillan, M., D. Rodrik, and I. Verduzco-Gallo. 2014. “Globalization, Structural Change, and 

Productivity Growth with an Update on Africa.” World Development 63 (11): 11–32.

Nagler, P., and W. Naudé. 2017. “Non-Farm Entrepreneurship in Rural Sub-Saharan Africa: New 

Empirical Evidence.” Food Policy 67: 175–191.

Pauw, K., F. Schuenemann, and J. Thurlow. 2015. A 2010 Social Accounting Matrix for Malawi. 
Washington, DC: International Food Policy Research Institute.

Thurlow, J. 2015. “Youth Employment Prospects in Africa.” In African Youth and the Persistence 
of Marginalization: Employment, Politics, and Prospects for Change, edited by D. Resnick and 

J. Thurlow. New York: Routledge.

agriCultural growth, urbanization, and poverty reduCtion  319

https://doi.org/10.18128/D020.V7.2


Thurlow, J., P. Dorosh, and B. Davies. 2019. “Demographic Change, Agriculture and Rural 

Poverty.” In Sustainable Food and Agriculture: An Integrated Approach, edited by 

C. Campanhola and S. Pandey, Chapter 3. London: Elsevier and FAO.

Thurlow, J., D. Resnick, and D. Ubogo. 2015. “Matching Concepts with Measurement: Who 

Belongs to Africa’s Middle Class?” Journal of International Development 27 (5): 588–608.

Timmer, C. P. 1988. “The Agricultural Transformation.” In Handbook of Development Economics, 
Vol. I, edited by H. Chenery and T. N. Srinivasan. New York: Elsevier.

Tschirley, D., T. Reardon, M. Dolislager, and J. Snyder. 2015. “The Rise of a Middle Class in East 

and Southern Africa: Implications for Food System Transformation.” Journal of International 
Development 27 (5): 628–646.

Uchida, H., and A. Nelson. 2010. Agglomeration Index towards a New Measure of Urban 
Concentration. Working Paper 2010/29. Helsinki: UNU-WIDER.

UN DESA (UN Department for Economic and Social Affairs). 2015. World Urbanization 
Prospects: 2014 Revision. New York.

—. 2016a. United Nations Demographic Yearbook, 2015. New York.

—. 2016b. World Population Policies Database: The 2015 Revision. New York.

—. 2017. World Population Prospects: 2017 Revision. New York.

World Bank. 2008. World Development Report 2008: Agriculture for Development. Washington, 

DC.

—. 2009. World Development Report 2009: Reshaping Economic Geography. Washington, DC.

—. 2016. Malawi Urbanization Review: Leveraging Urbanization for National Growth and 
Development. Washington, DC.

—. 2017. Global Consumption Database. Accessed January 25, 2018. http://datatopics 

.worldbank.org/consumption.

—. 2018. World Development Indicators database. Accessed January 25, 2018. http://

databank.worldbank.org.

Zezza, A., and L. Tasciotti. 2010. “Urban Agriculture, Poverty, and Food Security: Empirical 

Evidence from a Sample of Developing Countries.” Food Policy 35 (4): 265–273.

320 Chapter 9

http://datatopics.worldbank.org/consumption
http://datatopics.worldbank.org/consumption
http://databank.worldbank.org
http://databank.worldbank.org


AGRICULTURE AND UNDERNUTRITION

Derek Headey and William A. Masters

For most of modern history, agricultural development has focused on reduc-
ing poverty and food insecurity, typically by attempting to provide sufficient 
dietary energy for survival and work (see Chapters 1 and 9). For these basic 
needs, rapid population growth in the late 20th century, especially, required 
much greater productivity of staple cereals such as rice, wheat, and maize, as 
well as potatoes, cassava, and other root crops, to meet human energy require-
ments, especially in the lowest-income regions where people remain at the 
margin of subsistence. These few “starchy” staples have evolved and been 
selected to produce the most dietary energy per unit of cost in terms of labor, 
land, water, and other inputs.

Once a person’s energy needs are met, health and longevity depend on 
other aspects of human nutrition, which is a complex biological process. 
Human foods contain several dozen essential nutrients needed for health 
that cannot be synthesized within the body. “Macronutrients” include essen-
tial amino acids (protein) and fatty acids (fats) that serve as building blocks 
for cellular activity and can also be burned for dietary energy, in contrast to 
vitamin and mineral “micronutrients” that are essential for health but do not 
directly provide energy for physical activity. A wide range of dietary compo-
nents other than essential nutrients also contribute to health, notably fiber 
and water as well as phytochemicals (produced by plants), and the form of a 
nutrient may be important for bioavailability, such as the vitamin B-12 and 
heme iron in some animal-sourced foods. Each nutrient or other component 
often serves multiple biological functions affecting physical growth, cognitive 
development, immune system strengthening, and prevention of specific dis-
eases. Many nutrients can also be harmful at high doses, sometimes in ratio 
terms relative to other dietary components. Foods may contain harmful tox-
ins or antinutrients that block absorption, and nutrient utilization is heavily 
influenced by infection and other aspects of a person’s health.

Improving nutrition goes far beyond the quantity of food. Moreover, while 
poverty and food security are often monitored on the basis of consumption 
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per person, nutritional needs vary greatly by age, and undernutrition tends to 
be most costly and most pronounced among children less than two years of 
age (Victora et al. 2009). Undernutrition also has intergenerational dimen-
sions, with poor maternal nutrition—especially during pregnancy—resulting 
in children who are malnourished even before birth.

The inherent complexity of human nutrition, combined with the logisti-
cal and ethical difficulty of conducting research on how diets affect health, 
makes it extremely challenging to predict the impacts of agricultural poli-
cies, structures, systems, and practices on nutrition outcomes such as height, 
weight, anemia, and other markers. Agricultural change can influence what 
people eat through income and price effects, but also influence nutrition 
through the disease environment via crops (for example, molds that spawn 
mycotoxins), livestock (for example, zoonotic diseases, fecal contamination 
of the environment), and exposure to hazardous chemicals (for example, pes-
ticides). Moreover, even the dietary impacts of agricultural interventions 
are likely to be complex, especially since the main burden of undernutrition 
occurs among infants and very young children (for example, 6–24 months of 
age) rather than the broader family.

Obtaining rigorous empirical evidence on agriculture-nutrition linkages 
is made more challenging by institutional separation and methodological dif-
ferences between agricultural and nutritional sciences. Nutrition research is 
a very new field, with most sources of data and analytical methods having 
been developed in the late 20th century. Agricultural research is much older, 
with large subfields such as plant genetics that were founded in the late 19th 
century. Economics spans both topics, studying farm household behavior, 
markets, and food choice since the late 18th century, but its techniques are 
typically not available to either agricultural or nutrition researchers and rarely 
include much biological detail about crops, livestock, or people. Hence it is lit-
tle surprise that the scientific literature on agriculture-nutrition linkages has, 
for most of recent history, remained extremely limited (see von Braun [1995] 
for an early exception).

After 2005, sharp increases in world food prices, combined with grad-
ually increasing concerns and new discoveries about diet-related diseases 
around the world, led to a burst of research about how agricultural projects 
could improve health. These studies were largely confined to evaluations 
of geographically focused interventions designed to help target house-
holds diversify their own production and nutritional knowledge to increase 
the household’s own dietary diversity, diet quality, and nutritional status 
(Leroy and Frongillo 2007; Girard et al. 2012; Masset et al. 2012; Ruel and 
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Alderman 2013; Haselow, Stormer, and Pries 2016; Ruel, Quisumbing, and 
Balagamwala 2018). Reviews of that literature focus on how each house-
hold’s nutritional outcomes relate to their own farm production, in contrast 
to systems-level research that tries to understand the nutritional impacts 
of larger-scale agricultural growth and transformation processes (Pinstrup-
Andersen 2013). The economic development and agricultural economics lit-
erature generally focuses on these larger-scale processes, including the impacts 
of investments that drive the creation and adoption of new technologies, 
the development of new value chains, the evolution of retail outlets (includ-
ing supermarkets), and changes in both domestic and international trade, 
but typically does not measure nutrition outcomes in particular (Pinstrup-
Andersen 2013). This chapter aims to bridge these two literatures on agricul-
ture and nutrition, including studies of geographically focused projects and 
programs, as well as the nutritional impacts of agricultural growth and trans-
formation processes.

In light of these knowledge gaps, the objectives of this chapter are to

1. conceptualize the variety of linkages between agriculture and nutrition;

2. describe methodological challenges to evaluating these agriculture- 
nutrition linkages;

3. summarize existing evidence on these linkages, focusing on lessons 
from the program evaluation literature, microeconomic research 
(largely based on household surveys), and meso- or macroeconomic 
research on markets, agricultural growth, and transformation; and

4. identify important research and policy implications from the exist-
ing evidence.

At the outset we define the parameters of our review as follows.
First, we typically use the term agriculture to mean the farm production 

of crop and livestock commodities; agribusiness to mean commercial suppli-
ers of farm inputs and wholesale purchasers of farm commodities; food mar-
kets to mean storage, shipment, and transformation of food into final products 
including packaged foods and meals away from home; and policy as a short-
hand for any public sector or philanthropic intervention or program that aims 
to alter these activities. These are all interrelated influences on what we will 
call livelihoods, meaning all of a household’s activities, including both agri-
culture and nonfarm work. Putting these pieces together, the chapter will 
focus on agricultural and food systems, meaning the aggregate outcome of 

agriCulture and undernutrition 323



interactions between these components at the scale of an entire village, region, 
country, or the world as a whole.

Second, this chapter focuses on undernutrition—defined as insufficient 
intake of nutrients and healthy foods relative to biological needs, and the 
resulting deficiencies such as anemia and failure to achieve a child’s genetic 
potential such as linear growth—rather than problems linked to excessive 
intake of total energy, salt, and harmful foods that lead to obesity and diet- 
related diseases such as hypertension and diabetes. The two types of malnu-
trition are connected, as many people who suffer from dietary insufficiencies 
in some dimensions also have excesses in others (for example, stunting in 
childhood followed by obesity in later life, or ongoing micronutrient deficien-
cies during weight gain), but excessive intake of harmful foods is less likely 
than dietary insufficiency to be caused by agricultural production and sup-
ply constraints. As this chapter will show, agricultural change can raise food 
intake where deficiencies are most widespread, while excesses that lead to obe-
sity and diet-related disease are more closely tied to nonfarm activity, market 
conditions, and food demand. Excessive intake clearly links back to agricul-
ture through demand for ingredients in unhealthy foods such as sugar and 
other carbohydrates, but we would hypothesize a fundamental asymmetry in 
agriculture- nutrition linkages: improving agricultural production can help 
poor people fill deficiencies, especially for children in poor rural households, 
but after intake has risen, attempting to use agriculture against obesity can be 
like pushing on a string.

Third, our review of the linkages between agriculture and undernutri-
tion is not intended to be universally comprehensive, but focused on results 
of policy- relevant research about systemic interventions or processes that alter 
nutrition outcomes at the scale of an entire population. As noted above, there 
are many existing reviews of agriculture-nutrition projects designed to help 
individual farm families grow nutrient-dense foods via homestead gardening 
or livestock transfers. These interventions often have some efficacy, especially 
in remote areas for families with limited access to purchased food, but they 
are likely very expensive per household reached, are rarely implemented on a 
large scale, especially by governments, and may well lack sustainability given 
their frequent dependence on highly intensive interactions between imple-
menters and subjects. To improve nutrition among all people in a given loca-
tion, systemic change in agriculture almost always involves specialization and 
trade through local, regional, and global food markets. Even in poor, isolated 
places like Ethiopia, rural households obtain most of their nonstaple food 
from markets (Sibhatu and Qaim 2017), since each farm’s output is inevitably 
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much less diverse and unstable than the requirements of a healthy diet. The 
project/program literature on agriculture and nutrition also says little about 
agriculture’s role in driving income changes, food price changes, or liveli-
hood-related changes in health and nutrition. The project/program literature 
is not a sufficient basis for designing nutrition-sensitive agricultural policies. 
This review focuses on the broader question of how agriculture—livelihoods, 
farming practices, food systems, and policy interventions—influences diets 
and nutrition outcomes.

A Conceptual Framework for Linking Agriculture 
to Nutrition
Several previous studies have sought to conceptualize the complex relation-
ship between agriculture and nutrition (Hoddinott 2011; Headey, Chiu, and 
Kadiyada 2012; Kadiyala et al. 2014). Here we focus on three basic linkages that 
encompass a number of specific interconnections, as illustrated in Table 10.1.

The first basic linkage is the role of agriculture in influencing house-
hold income. In low-income countries there are far more workers than there 
are nonfarm employment opportunities, and those at greatest risk of under-
nutrition are the poorest people who have no choice but to do at least some 
farming to meet daily energy needs. Their total incomes determine afford-
ability and utilization of a wide range of nutritionally relevant goods and 
services, including food, health care, and education as well as water, sanita-
tion, and hygiene (WASH). Economywide analyses of productivity growth 
in different agricultural and nonagricultural sectors estimate the direct and 
indirect benefits to different socioeconomic groups (see Diao, Hazell, and 
Thurlow 2010 and Chapter 9 for a review). These studies tend to find that 
investments in staple cereals often have the largest benefits for poor groups. 
Productivity growth in cereals has direct benefits to adopting farm house-
holds, many of whom are very poor. But productivity growth in cereals 
clearly also affects the level and stability of local food prices if cereals are not 
perfectly tradable, which has real income implications for rural and urban 
populations. Increases in farmer income and production also raise demand 
for nonagricultural goods and services, including labor, leading to higher 
wages and higher incomes for nonadopting households, particularly in the 
rural nonfarm economy. Hence, investments in staple cereals tend to have 
highly progressive impacts on the income distribution, although their ben-
efits to catalyzing broader economic growth are still much debated (Dercon 
and Gollin 2014).
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A second linkage between agriculture and nutrition is through food prices. 
In coastal cities that trade freely with the rest of the world, easily shipped food 
commodities can originate anywhere, so prices are set by demand and supply 
among all trading partners. In the poorest rural areas, however, poor infra-
structure and poor governance often limit access to distant markets, so local 
agriculture plays a larger role. Spatial and seasonal variation in prices tends to 
be greatest in the places where malnutrition is most widespread, especially for 
perishable products such as eggs, fresh dairy, and many fruits and vegetables. 

TAbLE 10.1 Conceptualizing basic and specific linkages between agriculture and nutrition

Basic linkage Specific linkage Comments

1. agriculture as a source 
of income (growth, equality, 
poverty)

1a. Farm profits • Majority of the poor still work in 
agriculture

1b. off-farm income (off-farm 
and nonfarm wage incomes and 
profits)

• Substantial numbers of poor 
people work in off-farm or nonfarm 
occupations

2. agriculture as a source of 
(relative) food prices

2a. Changes in production affect 
relative prices of different foods

• Many foods are imperfectly trad-
able, implying prices are heavily 
influenced by local supply and 
demand

2b. Changes in trade policies 
affect relative prices of different 
foods

• Many food sectors are still highly 
protected

2c. Changes in transport and 
storage affect relative prices of 
different foods

• Many foods are highly perishable 
and not traded long distances

3. agriculture as a livelihood 3a. Farming practices affect time 
use of parents and children

• Women’s time use may be associ-
ated with less care toward young 
children

3b. Farming practices can direct-
ly affect health through diseases, 
exposure to chemicals, and level 
of physical activity

• Zoonotic diseases, including enter-
ic and pulmonary infections

• exposure to pesticides, herbicides
• physically arduous tasks during 

pregnancy

3c. agricultural livelihoods affect 
empowerment of women and 
children

• Women’s control of agricultural 
assets is highly variable

3d. agricultural livelihoods influ-
ence access to nutrition-relevant 
goods and services

• remoteness and low population 
density reduce access to health, 
education, family planning, and 
WaSh services

Source: authors’ construction.
Note: WaSh = water, sanitation, and hygiene.
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For these items, transport and storage cost is so high that prices, even in 
coastal cities, will be determined by national agricultural systems (Headey 
and Alderman 2019). In these situations, production is “non-separable” from 
consumption (Singh, Squire, and Strauss 1986; de Janvry, Fafchamps, and 
Sadoulet 1991), in the sense that farm output depends on local demand, so 
agriculture-nutrition linkages work through prices as well as income. For 
example, fresh milk is highly perishable and expensive to transport, so farm 
families with a lactating cow have much lower-cost access to milk each day 
and are more likely than others to feed milk to their children (Hoddinott, 
Headey, and Dereje 2015). More generally, the imperfect tradability of many 
fresh foods means that we should expect to see significant associations 
between local production patterns and local consumption patterns, and even 
between household production and household consumption (Jones 2017a; 
Sibhatu and Qaim 2018).

A third basic linkage involves the broader non-income dimensions of agri-
cultural livelihoods and encompasses farming practices and their effects on 
time use and exposure to health hazards, cultural institutions influenced by 
agriculture (such as women’s control over assets), and the remoteness dimen-
sion of agricultural livelihoods as it pertains to access to nutrition-relevant 
goods and services. These specific linkages are complex and, unlike the 
income and price pathways, often characterized by negative connotations: 
agriculture as a risk factor for poor health, for poor care practices, for dis-
eases stemming from livestock ownership. In a dynamic sense, however, the 
transformation of agriculture involves adoption of modern farming practices 
in place of traditional practices. Sometimes modern practices may be benefi-
cial to health and nutrition (for example, more-modernized livestock manage-
ment, labor-saving technologies, improved storage facilities), and sometimes 
they may not be, especially if improperly used (for example, pesticide use). 
Examples are provided below.

Measurement and Analysis of Agriculture-
Nutrition Linkages
The conceptual framework presented above points to how empirically chal-
lenging it can be to evaluate the complex linkages between agriculture and 
nutrition. Here we emphasize some of the main indicators regularly used to 
analyze agriculture-nutrition linkages, as well as some of the analytical tools 
that can be used.
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Anthropometric Markers of Nutrition

Many surveys collect height, weight, and age of children 0–59 months of age, 
for comparison with the sizes of healthy children in standardized anthropo-
metric measures of malnutrition (WHO 2006). The most widely used met-
ric of whether a population is achieving its genetic growth potential is height 
at each age, measured in standard deviation units known as z-scores. In a 
healthy population, the resulting height-for-age measure (HAZ) has a nor-
mal distribution around a mean of 0, with a negative or positive score for chil-
dren who happen to be short or tall for genetic or other reasons. A common 
threshold for extreme shortness is HAZ < −2. By definition, in healthy popu-
lations about 2.5 percent of children would have such low HAZ scores, but in 
malnourished populations the fraction is often more than 40 percent. Not all 
short children have had their growth stunted by nutritional deprivation, but 
for practical purposes all children with HAZ < −2 are classified as such. HAZ 
is thought of as the best all-encompassing marker for chronic malnutrition, 
reflecting as it does the cumulative impact of repeated nutritional insults. In 
contrast, a low weight-for-height z-score (WHZ)—with WHZ < −2 defin-
ing wasting—is thought of as a marker of acute malnutrition, reflecting recent 
nutritional insults, such as inadequate food, or recent morbidities such as diar-
rhea. Many data sources such as the USAID-funded Demographic and Health 
Surveys (DHS) or UNICEF’s Multiple Indicator Cluster Surveys (MICS) 
also record the height, weight, and age of adult women and sometimes adult 
men, and low body mass is often used as a marker of maternal undernutrition. 
Beyond anthropometry, the DHS also records hemoglobin levels and anemia 
status for women and children. Like stunting and wasting, anemia has many 
nonfood causes—related to infections, in particular.

Figure 10.1 illustrates how stunting, wasting, and anemia vary across the 
(young) life cycle of children 0–59 months of age in recent DHS rounds. 
The figure illustrates the critical importance of the so-called 1,000-day win-
dow of opportunity, which refers to the period from conception to a child’s 
second birthday (Victora et al. 2009). The importance of undernutrition in 
utero is demonstrated by the fact that in this sample almost 20 percent of chil-
dren are stunted at birth, and almost 15 percent are wasted at this age. From 
0–6 months there is little systematic increase in stunting, as many children 
are protected from infections and inadequate nutrient intake by exclusive or at 
least predominant breastfeeding. However, from approximately 6–20 months, 
stunting rates increase precipitously from around 20 percent to 40 percent, 
marking this period as one of progressive growth faltering. Thereafter, 
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stunting rates stabilize at a population level, even though individual children 
may experience catch-up growth after the first two years of life (or, conversely, 
become stunted). Wasting generally peaks at about 10–12 months of age, 
although wasting patterns vary substantially across countries. Anemia, which 
is only recorded from 6 months onward, also peaks at 10–12 months of age 
and gradually declines thereafter.

These dynamics of undernutrition in young children reveal important 
clues as to the determinants of undernutrition. First, a significant amount of 
growth faltering takes place in utero, suggesting maternal undernutrition is 
a major problem in developing countries. Second, most growth faltering, and 
much of the incidence of anemia and wasting, takes places in the 6-to-20-
month window. In this window, children have weak immune systems, are 
increasingly exposed to pathogens and repeated infections (diarrhea, environ-
mental enteric disorder, pulmonary infections, anemia), and are introduced to 
nutritionally deficient diets and poor feeding practices.

These dynamics also have important implications for nutritional research. 
Wasting is likely to be more sensitive to, or better explained by, recent shocks, 

FIGURE 10.1 Stunting, wasting, and anemia prevalence in recent DHS rounds, by child age
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and some studies have indeed linked wasting to agroecological shocks (for 
example, in Nepal). Stunting or HAZ, however, substantially reflects past 
shocks, and this measure should be more sensitive to shocks that occurred in 
the first 1,000 days of life. However, as Alderman and Headey (2017) point 
out, regression analyses of various underlying determinants should typically 
exclude children less than 24 months of age, since these children have not yet 
been fully exposed to the various nutritional insults or protective factors that 
determine their growth trajectory.

Survey Data on Individual and Household Diets

Diets are a key linkage between agriculture and nutrition, but measuring diets 
is extremely challenging. Economists have typically focused on household 
diets derived from food consumption or expenditure modules, and historically 
focused on per capita calorie intake rather than other nutrients. Nutritionists, 
however, have been more interested in measuring individual diets, particu-
larly those of mothers and young children, and more concerned with measur-
ing dietary quality, typically proxied by dietary diversity metrics (Ruel, Harris, 
and Cunningham 2013).

Both approaches face several significant problems. First, it is costly and 
time-consuming to measure actual quantities of foods consumed, particularly 
at the individual level. Second, in most cases researchers want a latent mea-
sure of “usual diets,” but concerns over recall errors typically limit recall to 
very recent periods. This approach minimizes between-person errors at the 
expense of within-person errors, because diets vary seasonally and because 
many food items are simply not consumed at high frequency (Ruel, Harris, 
and Cunningham 2013; Thorne-Lyman, Spiegelman, and Fawzi 2014).

As a quick, inexpensive, and easily measured indicator of dietary quality, 
nutritionists have proposed dietary diversity metrics, usually based on 24-hour 
recall of consumption of major food groups (Ruel, Harris, and Cunningham 
2013). An example of child dietary diversity data from the DHS is given in 
Table 10.2. The first column focuses on 7 aggregated food groups, while the 
second column refers to 14 more-disaggregated groups that respondents listed. 
The use of the 7 food groups has been extensively investigated and validated, 
and a 4-group threshold has been proposed as an indicator of minimum 
dietary diversity, as it is relatively successful at predicting mean micronutrient 
adequacy (FANTA 2006). Researchers have also advanced maternal dietary 
diversity scores and household dietary diversity, though a recent review finds 
a lack of standardization in their use in the agriculture-nutrition literature 
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(Verger et al. 2019). Nevertheless an important area for future research is to 
advance more cost-effective ways of measuring usual diets.

Survey-based Analyses of Agricultural Production  
and Agricultural Livelihoods

Unfortunately, nutrition surveys such as the DHS and MICS have very lim-
ited information on agriculture, including only occupational status of both 
parents and ownership of agricultural land and livestock. As the previous sec-
tion illustrated, however, agricultural production and livelihoods have many 
different dimensions that may influence nutrition outcomes, including time 
use, farming practices as they relate to livestock, use of chemical inputs and 
levels of physical activity, women’s empowerment, and access to nutrition- 
relevant goods and services. Information on these types of indicators is 
generally only contained in household surveys, particularly those with an 
agricultural focus such as the World Bank’s Living Standards Measurement 
Study–Integrated Surveys on Agriculture (LSMS-ISA). Agriculture and nutri-
tion data are also collected together in some USAID-funded Feed the Future 

TAbLE 10.2 Food groups listed in phases 5 and 6 of the 
Demographic and Health Surveys (DHS)

Aggregated food groups in dietary 
diversity score (7 groups)

Disaggregated food groups  
(14 groups)

(1) Starchy staples (1) grains

(2) roots/tubers

(2) legumes/nuts (3) legumes/nuts

(3) Vitamin a–rich fruits/vegetables (4) Vitamin a–rich fruits

(5) Vitamin a–rich vegetables

(4) other fruits/vegetables (6) other fruits

(7) dark green leafy vegetables

(8) other vegetables

(5) dairy (9) Fresh/powdered cow’s milk

(10) infant formula

(6) eggs (11) eggs

(7) Flesh foods (12) Meat/organs

(13) Fish

(14) Fortified infant cereals

Source: authors’ construction.
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surveys conducted by IFPRI and other international and national organiza-
tions. LSMS-ISA, for example, now include modules devoted to parental time 
use. IFPRI also developed the Women’s Empowerment in Agriculture Index 
(WEAI) to increase understanding of women’s roles in five key domains: (1) 
decisions about agricultural production, (2) access to and decision-making 
power about productive resources, (3) control of use of income, (4) leadership 
in the community, and (5) time allocation (Alkire et al. 2012). Other sur-
veys have also incorporated expanded WASH modules, including a focus on 
livestock- related WASH (Headey and Hirvonen 2016; Headey, Hoddinott, 
and Park 2017).

Despite improvements in the availability of agricultural production and 
livelihood data, there are still many knowledge gaps. For example, relatively 
little research focuses on agricultural markets, or nutrition-related agricultural 
extension services, particularly as they relate to diversification out of staple 
crops into more nutrient-rich crops and livestock products. And many agricul-
tural/economic surveys still do not include sufficient nutritional indicators. In 
light of this, Pingali and Ricketts (2014) propose that agricultural household 
surveys incorporate a minimum set of nutrition indicators, including anthro-
pometric and biochemical indicators for children and mothers, household and 
individual dietary diversity data, and market-level food supply data on avail-
ability and price.

Several papers have also tried to explore the drivers of dietary diversity in 
national per capita terms by utilizing food supply data from the FAO Food 
Balance Sheets, which report estimates of calorie, fat, and protein consump-
tion from different foods. Choudhury and Headey (2017) use these data to 
construct measures of the diversification of food supplies, particularly the 
share of calories sourced from nonstaple foods. The Global Dietary Database 
project has derived alternative estimates of food intake based on Bayesian 
modeling of individual dietary recall survey data and has found significant 
discrepancies between the resulting estimates of many countries’ population 
means and the FAO’s estimates of national average consumption, particularly 
for vegetables (Micha et al. 2015).

Food Prices and Markets

Price data are an underutilized resource for understanding the affordability 
of nutritious foods. All countries collect food price data through consumer 
price surveys (usually through national bureaus of statistics), but these data are 
rarely publicly available. The FAO also collates producer price data as well as 
market level data, but chiefly only for staple foods, and agricultural ministries 
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also often collect agricultural market surveys. Globally, the International 
Comparison Program (ICP) of the World Bank also collects prices of stan-
dardized food products approximately every five years, as discussed by Headey 
and Alderman (2019). And at the most granular level, household survey data 
also collect price data from households and often from community survey 
modules. Our perception is that these data are underused, however.

Price data can be nutritionally informative in a number of different ways. 
Consumer price indices weight the prices of different foods according to 
prevailing consumption patterns, whereas Masters et al. (2018) construct 
novel price indices where weights are defined by nutritional criteria, such as 
achieving sufficient dietary diversity or adequate nutrient intake. Headey 
and Alderman (2019) use the ICP price data to measure the caloric costs of 
different foods relative to an index of the cost of a composite staple food cal-
orie in a country. This measure captures how costly it is to diversify diets 
away from staples, but it also has the virtue of being a currency-free ratio, 
thereby circumventing problems of exchange rates and purchasing power par-
ity conversion.

Price data are potentially very powerful tools for understanding the (mis)-
functioning of markets and consumer behavior. As noted above, price data can 
be used to estimate the affordability of individual foods as well as whole diets, 
but they can also be used to explore consumer demand for different foods 
and the impacts of price shocks (Tiberti and Tiberti 2018), seasonality issues 
(Gilbert, Christiaensen, and Kaminhsk 2017), secular trends in food afford-
ability (Wiggins and Keats 2015; Bachewe and Headey 2016), and integration 
across markets (Van Campenhout 2007). However, many previous studies 
using price data to examine these issues have focused on prices of staple foods 
or consumer prices as a whole, rather than prices of nutrient-dense foods or 
costs of nutritious diets. In light of the utility of price data for addressing 
important research questions on agriculture-nutrition linkages, it is surprising 
that there is not a larger body of research using these data.

Methods for Analyzing Agriculture-Nutrition Linkages

However, beyond econometric techniques, economywide simulation models 
are also now being applied to understand how different agricultural policies 
can influence both household income and dietary measures such as household 
calorie supply (Pauw and Thurlow 2010), dietary diversity (Arndt et al. 2017), 
or disease burdens associated with inadequate diets (Springmann et al. 2016). 
A key challenge here is reaching consensus on the most appropriate nutritional 
or dietary measures to incorporate into the simulation models, as well as to 
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refine consumer demand systems to more realistically estimate the impacts of 
income and price changes on diets.

Methodological Limitations of the Literature  
on Agriculture-Nutrition Linkages

There are several significant methodological challenges to conducting research 
on nutrition and agriculture.

First, the experimental trials of various nutrition-sensitive agricultural 
interventions have been widely critiqued in the literature for their limitations, 
including small projects and sample sizes lacking statistical power, as well as 
the fact that many interventions combine agricultural components with nutri-
tional education components, making it difficult to disentangle the mech-
anisms of impact (Masset et al. 2012; Ruel, Quisumbing, and Balagamwala 
2018). Sustainability and scalability of these programs are major concerns. It 
is also notable that very few of these interventions have been implemented by 
governments (Hirvonen and Headey 2018). In addition, randomized control 
trials in the agricultural sector—and economic sectors in general—are fraught 
with complications, including high degrees of variance induced by idiosyn-
cratic and covariate shocks, as well as seasonality (Barrett and Carter 2010; 
Rosenzweig and Udry 2016).

Second, the growing body of research linking farm production indica-
tors to household consumption or individual nutrition outcomes is obser-
vational and essentially describes associations that may or may not be causal 
(Jones 2017a; Sibhatu and Qaim 2018). Some authors attempt to engage in 
quasi-experimental approaches, using agroecological variables as instruments, 
for example (Dillon, McGee, and Oseni 2015; Hirvonen and Hoddinott 
2017), or conducting placebo tests to check for evidence of confounding 
(Hoddinott, Headey, and Dereje 2015; Choudhury and Headey 2018), but 
these approaches by no means rule out biases in the derived estimates. More 
ecological studies of markets, prices, or community characteristics face similar 
concerns, being largely descriptive (albeit usefully descriptive).

Finally, economywide simulation modeling faces both the aforementioned 
challenges pertaining to incorporating meaningful nutritional measures into 
their models, and also significant problems in modeling realistic food demand 
behaviors. Simulation models have the advantage of offering structural expla-
nations of the linkages between agriculture and nutrition, but their deter-
ministic structure means that outcomes can be sensitive to assumption and 
modeling procedures that are not always fully transparent. Even so, we feel 
that more research using these tools is strongly warranted given the potential 
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importance of the economywide impacts of agricultural interventions on 
incomes, prices, and diets.

Agricultural Growth as a Driver of Incomes
A substantial body of literature explores linkages between income/wealth 
and child nutrition at both the household and economywide level, and most 
of it establishes at least moderately strong linkages (Bershteyn et al. 2014). 
Unsurprisingly, however, the associations between economic growth—typ-
ically, changes in gross domestic product (GDP) per capita—and changes 
in stunting are not as strong as they are for economic growth and poverty 
reduction, because poverty is definitionally related to the income distribu-
tion (Headey 2013a). In contrast, incomes have multiple indirect linkages to 
nutrition through microeconomic impacts on nutritionally relevant food and 
nonfood expenditures and through macroeconomic impacts on government 
expenditures on nutrition-specific and nutrition-sensitive investments (for 
example, WASH, education, agriculture).

At the household level, analyses of the demand for different foods con-
firm that people diversify out of staple foods as their income levels rise 
(Subramanian and Deaton 1996). However, meta-analyses of food demand 
estimates tend to suggest that households diversify most rapidly into animal- 
sourced foods (ASFs) and unhealthy processed foods, while diversifica-
tion into fruits, vegetables, and pulses is typically less pronounced (Colen et 
al. 2017). These stylized results also appear to be true of national food sys-
tems, which often diversify only slowly, especially into fruits and vegetables 
(Choudhury and Headey 2017). We also know that governments in different 
countries allocate their investments across sectors in different ways. India has 
experienced rapid economic growth in recent decades but has only recently 
invested in WASH and community health/nutrition initiatives targeted at 
young children, which may provide an explanation of the often-weak link-
ages between growth and nutritional improvement in India. At the same time, 
the connections between economic growth at the macroeconomic level and 
improved economic status at the household level may simply be quite weak. 
Indeed, household incomes and wealth tend to be some of the strongest pre-
dictors of nutritional improvement (Haddad et al. 2003; Headey, Hirvonen, 
and Hoddinott 2017).

The literature cited above therefore establishes at least a moderately strong 
association between income/wealth and nutrition measures but does not spe-
cifically inform us about the role of agriculture. Only a handful of studies 
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have specifically addressed the role of agricultural growth in influencing child 
nutrition. Headey (2013a) disaggregates economic growth into weighted 
growth in agricultural and nonagricultural value-added and finds no system-
atic difference in the strength of their associations with stunting, although 
growth in food production in food-insecure countries is significantly asso-
ciated with stunting reduction. Another study by Headey and Hoddinott 
(2016) explores the impact of Bangladesh’s late Green Revolution in rice pro-
duction on linear growth (HAZ) and weight gain (WHZ) among young chil-
dren, as well as infant and young child feeding (IYCF) indicators, using a 
panel of districts over 1996–2011. They find that growth in rice yields is sig-
nificantly associated with weight gain and the earlier introduction of solid 
foods, but not with stunting or dietary diversity indicators. They suggest that 
growth in staple food production by itself may have limited impacts on stunt-
ing because of weak linkages to the diversification of children’s diets. An 
implication is that diversification of food systems is important for improv-
ing nutrition, not just increased productivity of staple foods. Moreover, while 
improving productivity of staples may itself contribute to diversification 
through both demand and supply-side effects (for example, grains are an input 
into livestock production), governments themselves may have a role to play in 
accelerating diversification of production and consumption.

Although the evidence on the nutritional impacts of agricultural growth is 
limited, it suggests that agricultural growth may have important nutritional 
impacts in localities characterized by

1. high levels of basic food insecurity in which many households do not 
consume sufficient calories, and

2. early stages of structural transformation where most of the poor depend 
on agriculture for a living, particularly production of staple foods.

The first criterion ensures that increases in calorie availability from growth 
in staple food production could translate into nutritional improvements 
before hitting diminishing returns, while the second criterion ensures that 
agricultural growth has large impacts on the incomes of the poor.

In Figure 10.2 we used multicountry DHS data to illustrate these differ-
ences by examining stunting prevalence in Africa south of the Sahara (SSA) 
and South Asia disaggregated by locality (rural/urban), father’s primary occu-
pation (farmers, manual workers, in services, professional), and a simple mea-
sure of household wealth (the average number of six assets owned). A fourth 
dimension is population size as approximated by the share of each DHS 
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FIGURE 10.2 Stunting prevalence among children 24–59 months, by location, father’s 
occupation, and asset ownership
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sample classified into a rural-occupation bin. The figure illustrates several 
striking findings.

First, SSA is still at a relatively early stage of structural transformation, 
whereas South Asia is at a significantly more advanced stage. In SSA, eas-
ily the largest share of children live in households where the father primarily 
relies on farming for a living, while the rural and urban manual and services 
occupation clusters all have broadly similar population sizes. In South Asia, 
more children live in rural nonfarm households (manual work plus services) 
than in farm households, although the latter group is still sizable. More of the 
population is also urbanized.

Second, there are very strong associations between locality-occupation cat-
egories and household wealth. In SSA farming households are the poorest, but 
all rural households are substantially poorer than urban households. In South 
Asia, where landlessness is more common, the wealth difference between farm 
and nonfarm occupation is not marked, and rural-urban differences in wealth 
are evident but not as pronounced as they are in SSA.

Third, it is notable that in SSA children of farming households have by 
far the highest rate of undernutrition, with almost 50 percent stunted in the 
24-to-59-month range. Stunting rates are lower for rural nonfarm occupations 
and substantially lower for more urbanized livelihoods. Overall, however, the 
association between stunting and wealth is quite pronounced in SSA. In con-
trast, in South Asia the relationship between stunting rates, occupations, and 
wealth is more nuanced. Stunting is very high for all rural occupations, but 
also for urban manual worker households. Indeed, in absolute terms stunting 
is still very high in urban services and urban professional households.

Overall these findings suggest that agriculture growth is likely to have 
more impact on stunting in SSA, where stunting is closely associated with 
poverty, with farming as a livelihood, and with rural living in general. In the 
more structurally advanced economies of South Asia, the income role of agri-
cultural growth is somewhat more limited.

Food Prices and Nutrition

Food Price Shocks and Nutrition

Food affordability has long been viewed as an important linkage between agri-
cultural productivity and poverty, as well as basic food security. Studies of the 
2007/2008 global food crisis primarily focused on the impacts of rising prices 
of staple foods on poverty (Ivanic and Martin 2008) or food security measures 
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(Headey 2013b). However, at least one earlier study of the 1998 Indonesian 
financial crisis showed that rising rice prices can also reduce dietary diversity 
and increase micronutrient deficiencies, as the real income shock associated 
with higher rice prices in Indonesia compelled consumers to cut back on more 
expensive sources of calories, such as eggs (Block et al. 2004).

To assess impacts of food price changes on household expenditure or pov-
erty, economists have typically tried to assess whether consumers are net food 
consumers or net food producers, following Deaton (1989). Studies con-
ducted after the 2007/2008 crisis often found that many of the poor were net 
food consumers, even in rural areas (Aksoy and Isik-Dikmelik 2008), sug-
gesting that the poor suffer from higher prices. However, a recent review of 
these issues highlights two important caveats (Headey and Martin 2016). 
First, accurate measurement of net food consumption positions is very diffi-
cult because of the significant differences in recall periods for consumption 
and production in household surveys, potentially leading to systematic errors. 
Second, high food prices typically stimulate increased demand for labor, lead-
ing to higher wages and offsetting at least some of the damage of higher prices 
to nonfarming households.

While the research cited above is relevant to nutrition because of the asso-
ciations between income/food security, diets, and nutrition outcomes, hardly 
any rigorous research examines the impacts of price volatility on nutrition 
outcomes or dietary diversity. This would seem to be an important area for 
future research.

International Variation in Food Prices and Dietary Affordability

While food prices are volatile over time, there are also strong theoretical rea-
sons to expect prices to vary across countries, since many foods are not per-
fectly tradable or are very costly to trade. This is particularly true of highly 
perishable fruits, vegetables, and ASFs, but much less true for cereals, which 
are highly traded all over the world. Moreover, since cereals and other staples 
constitute the largest source of calories for poor populations, it makes sense to 
ask how costly it is for different populations to diversify away from staples.

Previous research only provides indirect answers to this question. Bennett 
(1941) provides a classic analysis of the diversification of Western diets away 
from wheat-based products, while Subramanian and Deaton (1996) show that 
consumers opt for more-expensive sources of calories as incomes rise. In the 
United States and Europe obesity researchers have also focused on measuring 
the costs of different sources of calories, typically noting that unhealthy pro-
cessed foods (such as soft drinks) are much cheaper than healthy fresh foods 

agriCulture and undernutrition 339



in caloric terms (Darmon and Drewnowski 2015). A recent study provides 
a more extensive quantification of the caloric costs of 657 different foods in 
176 countries but measures each nonstaple food’s caloric cost relative to that of 
a basket of country-specific staple foods (Headey and Alderman 2019). These 
relative caloric prices are therefore currency-free ratios that measure the costli-
ness of diversifying away from the cheapest staple in any given country.

The results of that study reveal that prices of different foods are highly 
variable across countries and across different income levels, particularly for 
less tradable products such as eggs, fresh milk, and some (but not all) fresh 
fruits and vegetables. Figures 10.3 and 10.4 show scatter plots of these cal-
orie price ratios against GDP per capita for the seven food groups listed in 
Table 10.2 and fortified infant cereals (which are a potential alternative means 

FIGURE 10.3 Relative caloric prices for various vegetable-based foods
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of diversifying the diet with a complete range of essential nutrients). In this 
large sample of countries, per capita income varies from just $617 per capita 
in the Democratic Republic of Congo to approximately $50,000 per capita in 
the United States.

The results reveal several important findings.
First, among vegetal foods (Figure 10.3), legumes/nuts are a cheap source 

of calories (and typically the cheapest source of protein), but dark green leafy 
vegetables, vitamin A–rich fruits and vegetables, and other fruits/vegetables 
are relatively expensive. Interestingly, though, some vegetal foods tend to be 
more expensive in higher-income countries (especially dark green leafy vegeta-
bles), although in poor countries there is also substantial variation in relative 
caloric prices.
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Second, dairy, eggs, and fortified infant cereals show a very different pat-
tern (Figure 10.4), with very high prices in poorer countries (on average) 
that decline as incomes rise. Indeed, in many of the poorest countries, cal-
ories from milk, eggs, and fortified cereals are 10 times as expensive as cal-
ories from staple foods. Headey and Alderman (2019) also show that dairy 
prices, in particular, are robustly and positively associated with stunting rates 
across countries, meaning that the high cost of dairy might offer an impor-
tant explanation of high stunting rates in Africa and Asia especially. In con-
trast to these other ASFs, meat (red or white) tends to be cheaper, with a much 
weaker income gradient, while fish (not shown in the table) is relatively cheap 
in Southeast Asia and western and central Africa where it is widely consumed.

FIGURE 10.4 Relative caloric prices for various animal-sourced foods and fortified infant 
cereals
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The variation in relative prices across countries is stark, but in several 
respects not surprising. First, the relative caloric prices across countries partly 
reflect variation in the denominator (the cost of staple foods, which rise as 
incomes rise because consumers choose more expensive staple foods when 
their incomes rise). Second, perishability and tradability clearly explain some 
of these patterns. Fresh milk and eggs are extreme cases of food products that 
are difficult to trade long distances (especially in countries with underdevel-
oped value chains), so the prices of these products are largely determined by 
productivity levels in the domestic dairy and poultry sectors, which are gener-
ally low in poorer countries. Finally, fortified infant cereals are highly tradable 
products but still extremely expensive in lower-income countries because they 
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are informational goods: parents have little trust in locally produced infant 
cereals and instead opt for very expensive multinational brands if they can 
afford them (Masters, Nene, and Bell 2017).

These findings suggest that an important objective of nutrition-sensitive 
agricultural investments and reforms should be making nutrient-dense foods 
more affordable. This could stem from productivity investments in “non-
tradable” sectors (for example, poultry or fresh milk), but also by address-
ing trade distortions that limit imports of nutrient-dense foods (for example, 
dairy powder).

Shadow Prices and Missing Markets for Nutritious Foods

The section above describes cross-country variation in prices, but there is also 
an extensive literature on the variation of implicit “shadow” prices within 
countries. Shadow prices are the implicit values or opportunity costs that 
households face when trying to obtain additional quantities of something for 
which an explicit price does not exist because of missing or incomplete mar-
kets. Markets might fail to provide an adequate supply of all foods through-
out the year because of perishability—particularly of eggs, fresh milk, and 
many fruits and vegetables—and because local demand for these products is 
quite limited in low-income and low-density rural populations. Faced with 
imperfect supply from markets, households make production decisions that 
are designed to satisfy their consumption demands. For example, in Ethiopia 
over 90 percent of the milk produced by rural households is consumed by 
those same households (Hoddinott, Headey, and Dereje 2015). In this sit-
uation there are, unsurprisingly, strong associations between cattle owner-
ship and children’s milk consumption, but also between cattle ownership 
and child growth outcomes. Many other studies have linked livestock own-
ership to increased consumption of ASFs (Kabunga, Ghosh, and Webb 2017; 
Choudhury and Headey 2018) and local crop diversity to dietary diversity 
(Dillon, McGee, and Oseni 2015; Jones 2017b; Sibhatu and Qaim 2018).

In Figure 10.5 we report summary results from a multivariate regression 
analysis of an extensive multicountry synthetic dataset combining DHS sur-
veys with geographic information system (GIS) data on agroecological char-
acteristics and a “market access” indicator of travel times to markets (Heady, 
Nguyen et al. 2017). The figure shows the sign (+/−) and strength of each 
association with the goal of uncovering broad patterns of associations. For 
household-level factors from the DHS, we observe the expected strong and 
positive relationship between wealth and most dietary indicators, with vita-
min A–rich fruits and vegetables and legumes/nuts being the sole exceptions, 
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suggesting these may be inferior goods. Similar patterns hold for parental 
education and access to healthcare. Of greater interest is the importance of 
community characteristics. Livestock proximity (ownership of livestock or 
proximity to fisheries at major lakes and rivers) is strongly associated with 
dairy, poultry, and fish consumption, but not with red or white meat con-
sumption. A market access indicator—estimated travel time to 25,000-person 
cities—is associated with aggregate dietary diversity and with dairy consump-
tion but has insignificant or negative associations with consumption of other 
foods. Crop potential is strongly and positively associated with minimum 
dietary diversity, egg consumption, and consumption of crop-based foods, 
while tree cover is generally also associated with consumption of most foods 
(see Johnson, Brown, and Jacob 2013 for a detailed study on this relationship). 
Elevation is associated with increased dairy consumption, which is unsur-
prising given the reduction in livestock diseases at higher altitudes, but has 
mixed associations with other variables. Another recent study explores these 
kinds of associations in multivariate regression models and shows that child 
dietary patterns are significantly related to environmental characteristics, 
even after controlling for individual and household characteristics. However, 

FIGURE 10.5 Associations between children’s food consumption patterns and various 
household (DHS) and community characteristics (GIS)

Consumption indicators for children 6–23 months of age, over the past 24 hours

Minimum 
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healthcare (dhS) +++ − − ++ + +++ +++ +++ +++

livestock proximity 
(dhS/giS)

− +++ ++ 0 +++ +/− +/− − − −

Market access (giS) + ++ 0 − − 0 − − − 0 0

Crop potential (giS) +++ − − ++ − − − − +++ +++ +++

tree cover (giS) + − − − + + ++ +++ +++ − −

elevation (giS) 0 ++ 0 − − − − − ++ − − +++

Legend positive associations: + Weak ++ Moderate +++ Strong

negative associations: − Weak − − Moderate − − − Strong

0 = no association

Source: authors’ estimates from a multicountry dataset linking dhS surveys to giS indicators (headey, Stifel et al. 2017).
Note: dhS = demographic and health Surveys; giS = geographic information system.
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the magnitude of the associations is often moderate, consistent with a recent 
meta-analysis of farm-level studies finding generally modest links between 
production diversity and dietary diversity.

Another recent study links data on farm production, community produc-
tion, and the availability and cost of different foods in local markets in poor 
rural areas of Ethiopia (Headey et al. 2019). As was the case with more aggre-
gate price data, these authors show that ASFs and fruits and vegetables are 
generally very expensive in rural markets, while dairy is not sold in approxi-
mately half of the markets surveyed but is instead own-consumed or sourced 
from neighbors. Their results paint a somewhat complex picture: own- 
consumption is not overwhelmingly important except in the case of dairy, but 
markets were also incapable of providing nutrient-dense foods at an affordable 
price. A large analysis of food sources in Ethiopia shows that households pre-
dominantly rely on markets to source nonstaple foods (except dairy), suggest-
ing that markets are important. But while these studies are interesting, there 
are remarkably few studies examining food markets in developing countries 
through a nutritional lens, and much more work is needed on this front.

Agriculture, Rural Livelihoods, and Nutrition

Rural Poverty and Limited Access to Infrastructure and Services

As we saw in Agricultural Growth as a Driver of Incomes, stunting rates and 
absolute numbers of stunted children are significantly higher in rural areas of 
SSA than in urban areas. Figure 10.2 also provided at least one explanation of 
this phenomenon: rural people are simply poorer than urban people, as mea-
sured by household assets. However, wealth differences provide only one likely 
explanation of the nutritional disadvantages of rural populations, since there 
are many other dimensions of rural living that might also contribute to under-
nutrition. Earlier research concluded that this rural-urban inequality in nutri-
tional status stemmed from differences in “endowments”—such as wealth, 
education, and access to services—rather than from the nutritional returns 
to these endowments (Smith, Ruel, and Ndiaye 2004; Zanello, Srinivasen, 
and Shankar 2016). A recent paper extended this research for a broader range 
of SSA countries to examine both rural-urban differences and differences 
across different degrees of remoteness based on proximity to 25,000-person 
cities (Headey, Nguyen et al. 2017). Strikingly, the results imply that prox-
imity to cities is not important independent of its associations with wealth, 
education, and access to services. Instead, remote villages—and rural villages 
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in general—are simply characterized by poverty, low levels of human capi-
tal, and poor access to services. Indeed, these authors extend the rural-urban 
decompositions of earlier work to find that differences in endowments explain 
77 percent of the observed difference in stunting rates across rural and urban 
areas, with differences in socioeconomic status (wealth and nonfarm employ-
ment) accounting for almost 40 percent of this difference, followed by paren-
tal education (19 percent) and health/infrastructural services (11 percent). 
They also find similar results for rural-urban differences in child dietary 
diversity. An implication of these results is that physical remoteness seems to 
primarily influence nutrition through its harmful impacts on multidimen-
sional poverty.

A related strand of literature looks at “nutrition smoothing” to identify 
how access to markets, local infrastructure, and public services helps house-
holds buffer the impacts of nutritional shocks (Mulmi et al. 2016; Darrouzet-
Nardi and Masters 2017; Shively 2017; Thapa and Shively 2018). The specific 
kind of shock most often investigated is seasonal fluctuations in rainfall and 
temperature around the time of a child’s birth, which is much more closely 
linked to attained height for children in poorer, more remote places than 
in towns and cities. Some of the apparent link between month of birth and 
height for age is due to random errors in recorded birth months among chil-
dren without birth registrations (Larsen, Headey, and Masters 2019), but even 
after adjusting for those errors, there is significant variation in attained height 
by season of birth (Finaret and Masters 2019). Research to date has shown 
how sanitation, food markets, and local infrastructure can help households 
protect their children from seasonal climate fluctuations (Mulmi et al. 2016; 
Shively 2017; Thapa and Shively 2018), leading to new work focusing on spe-
cific kinds of smoothing such as year-round access to a nutritious diet (Bai, 
Naumova, and Masters 2019).

Agricultural Production Hazards

Beyond problems with remoteness and poor access to services, most rural 
populations still primarily work in agriculture, which presents its own poten-
tial health and nutritional hazards. A mostly qualitative literature, particu-
larly in South Asia, has explored associations between women’s employment 
in agriculture and maternal nutrition, including substantial workloads 
during and soon after pregnancy (Balagamwala et al. 2015). One important 
concern is that physical exertion—especially in conditions of high tempera-
tures—may be harmful for women’s nutrition, including during pregnancy 
or lactation.
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This literature also expresses concerns about the impacts of women’s 
workload and time constraints on their ability to care for children and attain 
diverse diets (Johnston et al. 2018; Stevano et al. 2019). There is some evi-
dence, for example, that agricultural interventions can increase women’s 
workloads and time constraints, although there are few clear and consistent 
relationships to nutrition outcomes, perhaps because different household 
members respond in different ways or because income gains from agricultural 
intensification offset time constraints. Overall, though, there is little solid 
empirical evidence on whether agricultural employment is harmful to mater-
nal or child nutrition beyond the obvious associations between employment in 
agriculture and general socioeconomic poverty.

Other research has examined specific biological mechanisms linking agri-
cultural livelihoods to health. For example, Brainerd and Menon (2014) look 
at the long-standing concern that excess and inappropriate use of chemical 
inputs, particularly pesticides and herbicides, has harmful effects on health 
and nutrition. They find significant evidence of adverse impacts on maternal 
and child health, including birthweight. More recently, Sheahan, Barrett, and 
Goldvale (2017) examine pesticide use in five SSA countries and find that pes-
ticide use is associated with greater health expenditures and more sick days, 
although they do not test associations with child nutrition outcomes.

Another strand of research has looked at health problems associated with 
livestock ownership. Formative research in a rural Zimbabwean village mon-
itored children for 12-hour periods (Ngure et al. 2013). They found that a 
large proportion of children directly consumed or mouthed chicken feces 
and dirt that may have been contaminated with chicken feces. They also 
show that the bacterial loads of chicken feces are some 10,000 times higher 
than dirt and other surfaces in the household. They argue that ingestion of 
such high loads of bacteria may contribute to environmental enteropathy, a 
chronic but latent infection of the gut that has been strongly linked to child 
stunting. Subsequent research in Ethiopia (Headey and Hirvonen 2016) and 
Bangladesh (George et al. 2015) found that children living under the same 
roof as poultry were more likely to be stunted, and a three-country study by 
Headey, Hoddinott, and Park (2017) found that homesteads in Bangladesh 
and Ethiopia with observable animal feces in the compound had shorter chil-
dren. A systematic review of diarrheal studies also found significant associa-
tions with livestock ownership in a majority of studies (Zambrano et al. 2014). 
Hence, despite the importance of ASF intake for child nutrition, and the clear 
associations between livestock ownership and ASF consumption, there are 
also negative pathways between livestock ownership and child growth. These 
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pathways presumably operate mainly through fecal contamination and enteric 
infections, though pulmonary infections associated with poultry ownership 
are a potential concern (Gomaa et al. 2015), as is the connection between cat-
tle ownership and malaria (Donnelly et al. 2015).

Implications for Policy and Research
Historical and comparative evidence suggests there are three main levers 
by which agricultural change and food policy influence diets and nutri-
tion outcomes.

The first lever of agriculture’s influence is through growth in real incomes 
and poverty reduction. Agricultural growth—including growth in staple food 
production—has been shown to be a historically important driver of pov-
erty reduction because so many poor people directly and indirectly depend on 
agriculture for a living (Diao, Hazell, and Thurlow 2010). Evidence reported 
above suggests that agricultural growth is still likely to be an important driver 
of poverty reduction in South Asia and SSA, though much more so in the 
latter. Of course, whether agricultural investments offer the most-effective 
means of reducing poverty is another question (Dercon and Gollin 2014). 
Moreover, admittedly scant empirical evidence from Bangladesh (Headey and 
Hoddinott 2016) suggests that the nutritional benefits of cereals-oriented 
agricultural development strategies may be limited, because rapid increases in 
consumption of more nutrient-dense foods is not guaranteed by productivity 
growth in cereals. More research is needed on this issue, however.

The second lever is through influencing the relative price of nutritious 
foods and managing food price variation. Evidence from different settings 
suggests that urbanization, infrastructure, or market access or all of those may 
suppress various nutritional insults. And though not well documented, it is 
likely that market development plays an important role in reducing both aver-
age prices and price fluctuations. Recent research on relative price differences 
across countries emphasizes the imperfect tradability of nutrient-dense foods, 
including ASFs that may be critical for healthy growth and cognitive develop-
ment in early childhood. This suggests that in many localities certain nutrient- 
rich foods are either not affordable or not accessible in the market, forcing 
farmers into potentially inefficient self-reliance. The costliness of highly nutri-
tious foods in lower-income countries perhaps provides the strongest mandate 
for nutrition-focused agricultural development; other economic sectors may 
well drive income growth, but only food policies can influence the affordabil-
ity of nutritious foods.
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The third agricultural lever for nutrition is through the transformation 
of agricultural livelihoods. In developing countries rural populations perva-
sively have nutrition outcomes that are significantly worse than urban pop-
ulations, and there is little mystery as to why this is so: rural populations are 
much poorer and have substantially less access to essential goods and services. 
Yet they also face specific hazards associated with agricultural living, includ-
ing exposure to potentially harmful chemical inputs, physically arduous work 
(including mothers), and highly unhygienic environments due to poor live-
stock management practices.

What are the policy implications of these findings? More specifically, 
what should agricultural development actors do differently, if they care 
about nutrition?

First, agricultural policy instruments should still be used to improve 
incomes of rural populations, but they should also be used to reduce the prices 
of nutritionally important foods. These include ASFs of importance to young 
children (dairy, eggs, fish), as well as fresh fruits and vegetables. This might 
entail alterations in the portfolio of agricultural investments toward nonsta-
ple foods, both in international organizations (such as CGIAR) and national 
research and implementation agencies. We estimate that at least 80 percent of 
CGIAR expenditures are allocated to crops—and many of these are starchy 
staples—and just 20 percent are allocated to livestock and fisheries, and we 
suspect that in many developing countries these ratios are even more skewed 
in favor of staple crops. Arguably this is a lopsided composition. However, it 
is also crucial to better understand the important role of cereals and soybeans 
as feed inputs into the livestock and aquaculture sectors. High feed costs in 
Africa, in particular, may offer one explanation as to why many ASFs remain 
prohibitively expensive there (Andam, Arndt, and Hartley 2017).

Beyond the composition of public investment, however, the development 
of higher-value sectors also entails a greater role for the private sector and 
public- private partnerships, including working with larger and more commer-
cialized farms and firms. Nutritionally important foods are highly perishable 
(unlike staple cereals), meaning that value-chain bottlenecks are often bind-
ing constraints, including poor infrastructure and storage. Lengthier value 
chains involve many more private sector actors such as wholesalers, traders, 
and retailers. There are also important economies of scale for some high-value 
sectors, meaning that larger firms are a more efficient structure for achiev-
ing rapid productivity growth and larger reductions in prices for consumers 
(particularly poultry). There are also opportunities to use trade as an instru-
ment for reducing the prices of nonperishable nutrient-rich foods. Many meat 
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products are highly tradable when frozen or dried, while dairy powder is also 
highly tradable and relatively affordable but underconsumed in many low- 
income countries. Hence, efforts to improve consumption of nutrient-rich 
foods do not need to solely rely on production, especially for products in 
which the country has little or no comparative advantage. This will likely be 
the case for dairy production in most tropical countries, and East Asian expe-
rience has been instructive in this regard through its combination of trade and 
investment in the domestic dairy sector (FAO 2008).

Second, policies need to focus more holistically on the health implications 
of farming as a livelihood. One of the most persistent problems for rural pop-
ulations has been access to nutritionally important goods and services, includ-
ing education, basic maternal and child health services, and WASH. This is 
likely a combination of the high cost of extending these services to remote and 
dispersed rural populations (especially in Africa), urban-biased political sys-
tems, and various governance problems such as corruption and insufficient 
decentralization (Headey, Bezemer, and Hazell 2010). In recent times some 
countries have made impressive strides in extending basic services to remote 
rural communities (Global Health Workforce Alliance 2013), with Nepal 
being an exemplar in this regard. But for agricultural households, specifically, 
there are farming-related health hazards that have long been neglected, includ-
ing inappropriate use of chemical inputs (Sheahan, Barrett, and Goldvale 
2017), scavenging livestock systems combined with poor household hygiene 
(Headey and Hirvonen 2016), and (one suspects) excessively high workloads 
for women in general and mothers in particular.

In truth, we still know relatively little about the importance of these 
farm-level hazards for human nutrition, or how policies can most effectively 
combat them. Nevertheless, policymakers cannot always wait on rigorous evi-
dence, and there is a strong case to be made for multisectoral policies designed 
to reduce the health hazards associated with agricultural livelihoods. This 
includes regulations and agricultural extension practices designed to reduce 
the health hazards associated with inappropriate chemical input use, integrated 
agriculture-WASH programs to reduce fecal contamination by livestock (for 
example, community hygiene, improved poultry housing, increased awareness), 
and integrated programs that combine social protection, nutrition, and agricul-
ture to reduce women’s workloads, especially during and soon after pregnancy.

In recent years our understanding of agriculture-nutrition linkages has 
vastly improved, but many knowledge and policy gaps remain. Much more 
emphasis is needed on how policies influence diets through income and price 
changes, what trade-offs may exist between poverty and nutrition targets, and 
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on how multisectoral rural development efforts can improve access to basic 
services and reduce farming’s hidden health risks.
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TRANSFORMATION OF THE RURAL ECONOMY

Keijiro Otsuka and Xiaobo Zhang

The transformation of the rural economy is often accompanied by (1) 
increasing productivity of staple crop farming, (2) the introduction of more 
profitable high-value agricultural products, (3) more lucrative employ-
ment opportunities in rural nonfarm sectors (World Bank 2007; de Janvry, 
Sadoulet, and Murgai 2002), and (4) migration. Developing rural industries 
is a major way to increase employment opportunities in rural nonfarm sectors 
(Hayami 1998; Haggblade, Hazell, and Reardon 2007; Otsuka 1998, 2007). 
Although relationships among technological innovations in agriculture and 
the development of rural nonfarm sectors are highly complex, we attempt to 
sketch the farm-nonfarm sectoral linkages in the next section. 

In low-income economies where land is relatively scarce and labor is abun-
dant, notably in tropical Asia and increasingly in Africa south of the Sahara 
(SSA), the Green Revolution (the development and diffusion of high- yielding 
varieties of cereal crops) ought to be a major way to increase the productiv-
ity of rice, wheat, maize, and other staple crop farming (Evenson and Gollin 
2003).1 However, the Green Revolution has not taken place in most areas of 
SSA, where farm size is now almost as small as that in tropical Asia in the 
1960s. It is also unclear to what extent the Green Revolution stimulated the 
development of nonfarm sectors through growth linkages. Next, we explore 
why SSA has failed to realize the Green Revolution and the extent to which 
the Green Revolution stimulated the development of nonfarm sectors in rural 
areas in tropical Asia.

In developing countries, markets of modern inputs—such as improved 
seeds, effective chemical fertilizer, and safe pesticides as well as credit mar-
kets—do not function well, nor does the market for high-value agricultural 
products, whose quality and safety cannot be easily identified by visual inspec-
tions of consumers. Also the market of production information services 

1 In Africa, root crops like cassava and yams have experienced large productivity gains 
(Haggblade and Hazell 2010).
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ubiquitously malfunctions, not to mention the malfunctioning of public- 
sector extension systems. Thus contract farming, which provides high-quality 
inputs on credit and production instruction, is considered to be an effective 
institutional device to overcome market failures.2 Fears, however, are widely 
expressed that contract farming may primarily benefit large farmers because 
transaction costs can be saved by making a small number of contracts with 
large farmers rather than a large number of contracts with smallholder farm-
ers (Otsuka, Nakano, and Takahashi 2016; Ton et al. 2018). 

The chapter examines whether contract farming confers benefits primar-
ily to large farmers in practice and how we may be able to make smallholders 
significantly better off by introducing new profitable crops and livestock prod-
ucts. More often than not, agriculture does not provide ample employment 
opportunities, largely due to land constraints on production expansion. One 
solution is to develop nonfarm sectors so as to provide more lucrative employ-
ment opportunities, in which working members of farm households increas-
ingly find jobs. The chapter demonstrates the critical importance of increasing 
nonfarm income to improve the income of rural households and examines the 
roles of infrastructure and human capital in raising nonfarm income. 

In general, the service sector is growing faster than the industrial sector in 
developing countries. One key driver is remittance sent home by migrants. It 
has been widely documented that most remittances are spent on housing, land 
purchase, and local service sectors (Ballard 2001). Broadly speaking, the ser-
vice sector consists of traditional and modern service jobs. Jobs in traditional 
service sectors (for example, vending, rickshaw driving, and garbage picking) 
are low-paying, whereas jobs in modern service sectors (such as ICT-related 
service providers and finance) are high-paying but are offered only to highly 
educated workers. In order to provide ample and lucrative employment oppor-
tunities to a large, relatively uneducated and unskilled rural labor force, the 
development of labor-intensive industries in rural areas is indispensable. The 
chapter identifies the major characteristics of successfully developed rural 
industries and explores how we can stimulate the development of such indus-
tries. We conclude with a discussion of the role of rural-to-urban migration in 
the transformation of the rural economy and policy implications. 

2 This is called the production contract, under which autonomy of farmers is restricted. However, 
farmers maintain greater autonomy under the market contract, which primarily specifies prices, 
quantity, and quality of products delivered as well as delivery dates.
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A Conceptual Framework  
of Farm-Nonfarm Linkages
Following de Janvry and Sadoulet (2002) and Otsuka, Estudillo, and Sawada 
(2009), Figure 11.1 illustrates how technological innovations in agricul-
ture, such as the Green Revolution and the introduction of high-value agri-
cultural products, and investment in rural infrastructure affect rural income 
directly by increasing the efficiency and profitability of farming and indirectly 
through the growth linkage effects on nonfarm sectors, the inducement effect 
of improved infrastructure on the development of nonfarm sectors, and the 
reduction in prices of agricultural products.3 

Although the growth linkage effects on the development of nonfarm sec-
tors are expected to be positive, a reduction in agricultural prices will have 
negative effects on farm income. Another major factor that affects the income 
of rural households and the development of nonfarm sectors is human capital. 
Schooling, which is a major component of human capital along with health, is 
known to affect the efficiency of farming (for example, Foster and Rosenzweig 
1996) and to have a positive effect on the choice of nonfarm jobs, rural-to- 
urban migration, and nonfarm income (for example, Matsumoto, Kijima, and 
Yamano 2006; Jolliffe 2004). Furthermore, the supply of an educated labor 
force to the nonfarm sectors will contribute to their development (Otsuka, 
Estudillo, and Sawada 2009; Estudillo and Otsuka 2016). The income of a 
rural household is a major determinant of its investment in human capital 
(Otsuka, Estudillo, and Sawada 2009). If the Green Revolution or a “high-
value product revolution” takes place, thereby improving farm income and 
stimulating the development of the nonfarm sectors, there can be a virtuous 
circle of income growth, increased investment in human capital, and subse-
quent development of the farm and nonfarm sectors. 

So far we have treated the Green Revolution, the introduction of high-
value products, and investment in infrastructure as if they are exogenous, and 
responses of agricultural product markets, the development of nonfarm sec-
tors, and human capital as partly endogenous and partly exogenous. The 
success or failure of the Green Revolution critically hinges on government 
policies, because new improved seeds, particularly if they can be reproduced, 
are public goods. New knowledge of improved production practices, which 
can be conveyed by the extension system, is also a local public good. Given 

3 For simplicity, Figure 11.1 does not take into account the consumption linkage effect of agricul-
tural innovations on nonfarm sectors that arises from an increase in farm income. Also the pos-
sible effect of human capital on the introduction of new agricultural technologies and products 
is ignored.
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inefficiency of public-sector extension systems, the role of social networks 
or farmer-to-farmer extension has received increasing attention (Takahashi, 
Muraoka, and Otsuka 2020). 

While improved infrastructure may stimulate the development of both 
the farm and nonfarm sectors, the latter may increase the demand for infra-
structure investments (Zhang and Fan 2004; Gibson and Olivia 2010). The 
introduction of high-value products in developing countries is often driven by 
rising income, led by the spread of supermarkets in both developing and devel-
oped countries, which offer contract farming, and sometimes supported by 
producer cooperatives (Reardon and Timmer 2012; Chapter 12, this volume). 
So far as contract farming is designed to overcome market failures, there is 
room for the government to assist in the introduction of high-value products. 
If agricultural products are freely traded internationally, the impacts of agri-
cultural innovations on domestic prices of agricultural products will be small 
or negligible, as agricultural prices are largely determined by global supply and 
demand forces. However, if agricultural markets are mainly local, the price 
effect of supply changes could be substantial. The development of rural non-
farm sectors is affected not only by the development of agriculture but also by 
the linkage with urban/industrial sectors and even foreign companies. This 

FIgURE 11.1 An illustration of farm-nonfarm sectoral linkages

Development of the nonfarm sector

Nonfarm
income

Farm income

Human capitalInvestment

Green
Revolution,
high-value
products,
and rural

infrastructure

Agricultural product markets

Source: Based on estudillo and otsuka (2016, figure 1.6, p. 18).
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chapter considers the causes and consequences of the Green Revolution, the 
introduction of high-value products, the improvement of rural infrastructure, 
the development of rural nonfarm sectors, and the role of migration in the 
transformation of the rural economy.

The Green Revolution and Rural Development

The green Revolution

Although the best indicator of technological change or production efficiency 
is total factor productivity (Gollin and Udry 2019), an easily available proxy 
for production efficiency in agriculture in developing countries is physical 
yield per hectare of cultivated land.4 As shown in Figure 11.2, yields of vari-
ous crops increased substantially in tropical Asia (Southeast and South Asia) 
over the past half century, whereas yields were largely stagnant in Africa south 
of the Sahara, except for wheat, which is produced on large farms in temper-
ate zones. Particularly noteworthy are the dramatic yield growth of rice since 
the mid-1960s, maize since the mid-1990s, and wheat since the mid-1970s. 
Such yield growth can be attributed to the Green Revolution, which is char-
acterized by the continuous development of improved varieties and their dis-
semination (for example, Hayami and Otsuka 1994; Chapter 3, this volume). 
According to Gollin, Hansen, and Wingender (2018), a 10-percentage point 
increase in adoption of high-yielding varieties (HYVs) increases GDP per cap-
ita by about 15 percent, by the direct effect on crop yields, factor adjustment, 
and structural transformation. Their study also finds that HYV adoption 
reduced both fertility and mortality. 

Major beneficiaries of the Green Revolution are consumers, because an 
increased supply of grains results in a large decrease in grain prices given 
price-inelastic demand for grains (Quizon and Binswanger 1986; Evenson 
and Gollin 2003).5 Not only are farmers producers, they are consumers as 
well. On the one hand, they lose from decrease in grain prices; on the other 
hand, they gain as consumers. By comparison, urban consumers unambigu-
ously benefited from the decline in grain prices. The gain for consumers can 
be most clearly seen in the declining real price of rice, primarily grown in Asia, 

4 Alternatively, a change in profit is also a good indicator of the impact of new technology (Foster 
and Rosenzweig 2010). It is, however, practically difficult to measure the cost of unpaid family 
labor, which plagues the use of profit as the efficiency indicator.

5 Theoretically, aggregate benefits for consumers and producers depend critically on relative elas-
ticities of supply and demand.
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where the Green Revolution has taken place widely (Figure 11.3). Aside from 
a chaotic hike in rice prices in 1973/1974, the real rice price declined from 
the late 1960s to the early 2000s, with the lowest price well below one-half of 
the level around 1970. Even though the productivity of rice farming doubled, 
rice farmers would not have been made better-off because of the huge price 
reduction. Since new varieties are high-yielding only in irrigated and favorable 

FIgURE 11.2 Average crop yield in tropical Asia and Africa south of the Sahara (tons per 
hectare), 1961–2018
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rainfed areas (David and Otsuka 1994), they would have been adopted in 
70 percent to 80 percent of the rice area in tropical Asia. 

The clear losers are rice farmers who did not have access to improved 
rice varieties, including those in unfavorable areas subject to flood and 
drought in Asia and in almost the whole of Africa south of the Sahara. Due 
to price reductions, these farmers lost not only income but also incentives to 
grow these crops, whose production increased dramatically in other places. 
Although not shown in Figure 11.3, real prices of wheat and maize also 
declined as much as that of rice, due at least in part to the Green Revolution 
of these crops in Asia. Thus it is possible that one of the reasons for the failure 
of the Green Revolution in Africa south of the Sahara was the low grain prices 
that resulted from the successful Green Revolution in Asia.

growth Linkage Effect

The agricultural growth linkage hypothesis postulates that modern agricul-
tural technology propels the development of the nonfarm economy through 
several production and consumption linkages (Haggblade, Hazell, and 

FIgURE 11.3 World production and real prices of rice, 1960–2015
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Dorosh 2007). On the production side, improved agricultural technology 
may spur the birth and development of industries engaged in the production 
of agricultural inputs (for example, implements) and service-related support 
to the agriculture sector (for example, repair shops for agricultural machinery 
and delivery of fertilizer). In addition, an increase in the supply of agricultural 
products breeds food processing and agro-based manufacturing industries. 
On the consumption side, increases in rural household income brought about 
by increased agricultural productivity stimulates consumer demand for locally 
produced nonfarm goods and services. 

A critical assumption of the growth linkage hypothesis is that the 
increased local demand for nonfarm goods and services leads to the increased 
local supply of those goods and services. In fact, it is often assumed that sup-
ply curves of locally produced goods and services are elastic. Yet in the case 
of tradable goods, increased local demand may induce increased supply from 
other locations, such as industrial clusters elsewhere, unless rural areas have 
capacity to produce what Ranis and Stewart (1993) have called “modern 
Z-goods.” Thus the growth linkage effects are likely to be pronounced in the 
case of nontradable services, such as retailing of agricultural inputs, milling 
services, and machine repair services (Haggblade, Hazell, and Dorosh 2007; 
Renkow 2007), as well as processing in the case of perishable products that 
must be processed immediately after harvesting. 

There is lack of strong econometric evidence that supports the significant 
effect of agricultural growth on nonfarm sector development (for example, 
Ramos et al. 2012). Increased local demand for nonfarm goods and services 
may stimulate an increased supply of these goods and services in the entire 
economy but not necessarily in the locality where agricultural technologi-
cal change takes place (Christiaensen, Demery, and Kuhl 2011). For example, 
the success of rural reform in the 1980s in China stimulated the demand for 
manufacturing goods, which boosted the subsequent rapid growth of town-
ship- and village-owned enterprises and private enterprises nationwide. But 
the growth is uneven across regions. Most manufacturing activities have been 
increasingly concentrated in some coastal areas, which are not necessarily the 
major cropping regions. 

Recently Bustos, Caprettini, and Ponticelli (2016) found that the intro-
duction of genetically engineered soybean seeds, a labor-saving agricultural 
technology, reduced labor demand in agriculture, inducing workers to reallo-
cate toward the local manufacturing sector in Brazil. By contrast, the intro-
duction of maize as a second-season crop increased agricultural labor use. 
Thus, if regional labor mobility is low, labor-saving technological change 
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in agriculture may stimulate industrial development in rural areas, while 
land-saving technologies may not. In fact, the Green Revolution is largely 
labor-using, thereby likely not inducing workers to relocate to the local non-
farm sector. 

Failure of the green Revolution in Africa South of the Sahara

The Asian Green Revolution in rice and wheat began more than a half cen-
tury ago in the 1960s, when the International Rice Research Institute (IRRI) 
and the International Maize and Wheat Improvement Center (CIMMYT) 
released the semi-dwarf, high-yielding modern rice and wheat varieties 
(MV), respectively (Dalrymple 1978; Hayami and Otsuka 1994; Byerlee 
and Moya 1993). According to Hayami and Godo (2005: 96–97), “As agri-
culture is strongly constrained by environmental conditions, it is difficult to 
transfer advanced technologies developed in the temperate zone to the trop-
ical zone. . . . IR8 was modeled after the high-yielding Japanese varieties.”6 
Although it is understandable that transfer of agricultural technology from 
the temperate zone to the tropical zone was difficult, it is puzzling why, after 
50 years, agricultural technology developed in tropical Asia has not been suc-
cessfully transferred to SSA, which is also located in the tropical zone. 

According to Boserup (1965), population pressure on limited land areas 
stimulates the adoption of land-saving and labor-using production methods 
spontaneously by farmers, which leads to an increase in crop yield. Hayami 
and Ruttan (1985) extend the view of Boserup by arguing that population 
pressure induces not only technological innovations but also institutional 
innovations that support the development and diffusion of innovations. 
Following Schultz (1964), we assume that farmers in poor economies are 
rational and willing to adopt new technologies if they are profitable. If this 
is true, the failure of the new agricultural technologies to take hold in SSA 
could simply have been because they were not yet profitable in the condi-
tions of SSA. Because of rapid population growth in SSA, arable land per 
capita in rural areas now is nearly comparable with that in Asia in the early 
1960s (Figure 11.4). If Boserup’s and Hayami-Ruttan’s hypotheses are cor-
rect, there ought to be the sign of agricultural intensification and yield growth 
in this continent. A careful look at Figure 11.2 indicates that yield of grains, 

6 IR8 was the first MV released by IRRI in 1966, whose parent came from Taiwan. Hsieh and 
Ruttan (1967) argued that new rice varieties being developed in tropical Asia in the 1960s 
resembled, in terms of fertilizer responsiveness and yield potential, the ponlai varieties intro-
duced to Taiwan by the Japanese colonial government in the mid-1920s. Also see Hayami and 
Ruttan (1970).
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particularly rice and maize, began growing around the beginning of this cen-
tury. Whether this is the initial phase of the Green Revolution in SSA is an 
extremely important open research question.

The first possible reason for the failure of the Green Revolution in Africa 
south of the Sahara is that agroclimates are so different between tropical Asia 
and SSA (Evenson and Gollin 2003) and vastly heterogeneous within SSA 
(Suri 2011), making Asian technology nontransferable. That is, without major 
changes in the plant, plant performance would be so poor as to be unprof-
itable in many regions of SSA. The hypothesis of different agroclimates, 
however, is not necessarily plausible because crop yields before the Green 
Revolution were comparable between SSA and tropical Asia (see Figure 11.2). 
Also, as far as rice is concerned, many Asian varieties and their offspring are 
grown well in SSA by means of adaptive research (Yamano et al. 2016).7 

Yet heterogeneity of agroclimate can be a serious constraint on new tech-
nology adoption, particularly in Africa south of the Sahara, where crop mix is 
diverse and vastly different in different locations (Otsuka and Larson 2013). 
Because of the heterogeneity of agroclimate as well as farmers’ abilities, the 
same technology may have different returns for different farmers on different 

7 Otsuka and Larson (2013) point out that lowland rice technology is highly transferable from 
Asia to SSA.

FIgURE 11.4 Arable land per rural population in tropical Asia and Africa south of the Sahara, 
1961–2016 
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plots (Foster and Rosenzweig 2010; Suri 2011).8 In a study on Kenyan maize 
farming, Suri (2011) finds that farmers with high net returns adopted hybrid 
maize seeds, whereas farmers with low net returns did not. She suggests that 
removing supply and infrastructure constraints would be a cost-effective pol-
icy to raise hybrid seed adoption rates. Gollin and Udry (2019) demonstrate 
that the dispersion of total factor productivity is very high in Uganda and 
Tanzania even among plots cultivated by the same farmer, indicating large 
heterogeneity in production environments across plots. In contrast, however, 
Michler et al. (2019) find that adoption of improved cowpea seeds reduced 
production cost of a large number of farmers in Ethiopia. 

Another possibility is that while scientific research was successful and 
hence suitable and profitable technologies were available in SSA, the tech-
nologies have not been disseminated widely due to lack of an effective exten-
sion system. If there were little effort to disseminate such technology, farmers 
simply would not have been aware that it was available. A failure to recognize 
that the high-yielding Asian farming practices are management-intensive, at 
least compared with the existing cultivation methods in SSA, seems to deter 
the establishment of effective public-sector extension systems. Important 
crop management activities, or agronomic practices, include using improved 
seed, seed selection, leveling fields and construction of bunds for water and 
weed management, row transplanting, and fertilizer application in lowland 
rice farming, and the application of manure and compost, intercropping with 
leguminous crops, which have capacity to fix nitrogen from the atmosphere, 
and mulching, in upland farming. African farmers seldom adopt these prac-
tices. Importantly Otsuka and Larson (2016) argue that the failure of the 
Green Revolution in SSA can be attributed to the lack of recognition that 
Green Revolution technology is management-intensive and to the absence of 
an effective public-sector extension system.9 

It is well-known that new technological information is transmitted from 
farmers to farmers (see Conley and Udry [2010] for a recent study). Although 

8 Because of the heterogeneity, we cannot assume that because a technology is profitable in one 
time or place, it is also profitable in another. Foster and Rosenzweig (2010) provide an excellent 
review of the literature on the assessment of the profitability of new technology.

9 This conflicts with a conventional view that the Green Revolution can be alternatively called 
the “seed-fertilizer revolution” (Johnston and Cownie 1969), which indicates that if improved 
seeds and fertilizer use are widely adopted, a Green Revolution automatically takes place. 
However, Murgai, Ali, and Byerlee (2001) and Ali and Byerlee (2002) find that total factor pro-
ductivity in Indian and Pakistan Punjab grew faster from the mid-1970s to the mid-1980s, when 
the adoption of modern wheat and rice varieties was already high, than from the mid-1960s to 
the mid-1970s, when the adoption increased fast.
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efficiency of a public-sector extension system may be improved by eliciting 
feedback from farmers about the quality and content of agricultural extension 
services (Jones and Kondylis 2018), a great deal of attention has been paid to 
the effectiveness of farmer-to-farmer extension and a number of randomized 
controlled trials (RCTs) have been conducted. Although Kondylis, Mueller, 
and Zhu (2017) find that training provided by extension agents to selected 
contact farmers for technology diffusion to other farmers does not work, 
BenYishay and Mobarak (2018) find that providing reward to contact farmers, 
who are ordinary farmers, for their successful technology dissemination leads 
to wider adoption of new technology. Shikuku et al. (2019), however, find that 
providing private material reward to contact farmers did not have any impacts, 
even though reputational gain for them from knowledge diffusion facilitated 
knowledge dissemination. Takahashi, Mano, and Otsuka (2019) report that 
a package of improved rice cultivation methods has been diffused from ran-
domly selected training participants to other farmers without any material 
reward in Côte d’Ivoire. How to select contact farmers and under what condi-
tions new knowledge can be diffused from them to other farmers are critically 
important yet unexplored issues in technology diffusion.10 

There are several other possible constraints on new technology adoption, 
such as inadequate education of farmers for acquiring and decoding new tech-
nology information, and the incompleteness of insurance and credit avail-
ability for dealing with the production risk associated with the adoption of 
new technology (Foster and Rosenzweig 2010; Chapters 16 and 17, this vol-
ume). It is not clear, however, to what extent such constraints are particularly 
serious in SSA. According to Chapter 5 in this book, agricultural wage rates 
tend to be high in SSA, particularly during peak seasons, when labor shortage 
is acute in predominantly rainfed farming.11 As a result, labor-intensive and 
management- intensive Green Revolution technology may not be highly prof-
itable for farmers even if it boosts higher yield. If high wages are the root cause, 
mechanization has to be introduced, together with yield-enhancing technol-
ogy, in order to realize the Green Revolution in Africa south of the Sahara. 
As a matter of fact, agricultural mechanization has begun to take off in SSA 
(Diao and Kolavalli 2014). Another possible reason for the failure of the 
Green Revolution was low grain prices, as was discussed earlier in this chapter.

10 See Takahashi, Muraoka, and Otsuka (2020) for a review of the recent literature on technology 
adoption and extension.

11 Since the timing of farming depends on the timing of rainfall under rainfed farming, labor 
demand of all the farmers changes simultaneously. As a result, peak-season labor demand is 
high relative to supply of labor.

370 Chapter 11



Development of High-Value Product Sectors
To introduce high-value agricultural products such as fresh vegetables and 
fruits and livestock products, a variety of market failures, including the mal-
functioning of markets of improved seeds, safe pesticides, and credit, as 
well as the absence of management service providers, must be dealt with 
(see Chapter 12 for a discussion of the transformation of food value chains). 
Furthermore, compared with staple crops, it is more difficult for consumers 
to identify the quality and safety of high-value products due to larger qual-
ity variations (Bai 2016). Thus consumers place more premium on truly 
high-value agricultural products if their quality and safety are verifiable and 
traceable or if production standards meet international standards (Ortega et 
al. 2011; Ifft, Roland-Holst, and Zilberman 2012). 

Another problem is the riskiness of high-value products, whose prices 
fluctuate widely and unexpectedly. Thus sellers who can guarantee the qual-
ity and safety of such products to consumers and who can shoulder the price 
risk by offering a fixed product price (or similar pricing formulae) in advance 
are indispensable for product markets to work and for farmers to undertake 
new businesses.12 Contract farming offered by large supermarkets and agro- 
processors is designed to overcome these market failures (Barrett et al. 2012; 
Otsuka, Nakano, and Takahashi 2016).13 Supermarkets and agro-processors 
provide inputs on credit and production instruction to farmers and undertake 
marketing. Once new improved inputs and superior production technologies 
are introduced, the efficiency of farming of high-value products in develop-
ing countries is improved. Thus the World Bank (2007) strongly recommends 
the introduction of high-value products by contract farming in develop-
ing countries.

The transaction cost associated with contract farming may be substantial. 
If input prices charged by the contractor are lower than market prices, con-
tract farmers have incentive to divert the use of inputs for other purposes. If 
product prices paid by the contractor are lower than market prices, contract 
farmers have incentive to sell products at the market rather than deliver them 
to the contractor as promised (Kunte, Wollni, and Keser 2017). Farmers 

12 Michelson, Reardon, and Perez (2012) found that contract farming with Walmart supermarket 
significantly reduced price risk, even though mean prices paid to farmers are lower than the tra-
ditional market in Nicaragua.

13 As Casaburi and Macchiavello (2019) suggest, another advantage of contract farming over 
ordinary market exchange with traders may be that a farmer prefers to receive payments infre-
quently (for example, monthly rather than receiving payments every time a transaction is made), 
because the farmer can commit to saving under infrequent payment. This argument applies to 
milk and tea production rather than crops harvested infrequently.
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also may not follow the production instructions specified by the contract. 
Therefore, the contractor will prefer to make a small number of contracts with 
large farmers, rather than a large number of contracts with smallholders. In 
this way, smallholder farmers may be excluded from contract farming.

A large number of studies, including recent studies by Mishra et al. (2016), 
Michelson (2013), and Ragasa, Lambrecht, and Kufoalor (2018) as well as a 
review article by Ton et al. (2018), found that farmers who are engaged in con-
tract farming are larger landholders or wealthier farmers. According to the lit-
erature review by Otsuka, Nakano, and Takahashi (2016), although contract 
farmers are larger than noncontract farmers in terms of cultivation area, the 
difference between them is very small, indicating that farm size may not be 
the decisive factor affecting the choice of contract farmers. In order to make 
contracts with large buyers, smallholder farmers often establish producer 
cooperatives, which make contracts with buyers on behalf of small producers. 
Furthermore, producer cooperatives sometimes undertake market research to 
find out which products are highly demanded at the markets, introduce new 
profitable crops and technology for member farmers, negotiate better prices 
for input purchase, and guarantee the quality and safety of high-value prod-
ucts produced by member farmers to the buyer (Hashino and Otsuka 2016). 
To the extent that transaction costs among member farmers of producer coop-
eratives are sufficiently low, the emergence of producer cooperatives will help 
smallholder farmers participate in contract farming. In a nutshell, small-
holder farmers are not always excluded from contract farming in practice. 
Furthermore, by receiving relevant market and technological information and 
services from cooperatives, small subsistence farmers may be transformed into 
profit-oriented farmers. 

Another issue is the extent to which farmers are made better off by enter-
ing contract farming. The identification of the impact of contract farming 
on farmers’ welfare is not easy, because contracts are endogenously chosen 
by the firm and farmers (Barrett et al. 2012; Bellemare and Bloem 2018). 
Because of the difficulty in finding a truly exogenous instrumental variable 
that is strongly correlated with participation in contract farming, the internal 
validity, or the ability of a study to identify treatment effects, may be limited 
(Bellemare and Bloem 2018). Even though Bellemare and Lim (2018) argue 
that the causality of the welfare impacts of contract farming has thus far been 
elusive, the available evidence suggests that contract farming increases the wel-
fare of farmer households, as reflected in increased household or crop income 
(Maertens and Vande Velde 2017), profit (Mishra et al. 2016), community 
wealth (Gatto et al. 2017), productive assets (Michelson 2013), and subjective 
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well-being (Väth, Gobien, and Kirk 2019). While the existing studies rely on 
observational data, a recent study by Arouna, Michler, and Lokossou (2019) 
conducted an RCT by offering fixed-price contracts to reduce price uncer-
tainty, fixed-price with management training contracts, and fixed-price with 
management training and input provision contracts. They find significant 
and positive impacts of these contracts on rice area, rice yield, proportion of 
rice sold, and rice income. One difficulty of this study is the focus on rice 
income, as a measure of welfare effect, because additional family resources 
may be allocated to rice framing at the sacrifice of nonrice cultivation. 

In contrast, Ragasa, Lambrecht, and Kufoalor (2018) and Soullier and 
Moustier (2018) did not find significant impacts of contract farming on prof-
itability of rice farming.14 Ton et al. (2018) point out through meta-analysis 
that assessment of the income effect of contract farming is upwardly biased 
due to mechanically excluding contract farming arrangements that failed and 
due to the tendency that primarily successful cases of contract farming are 
reported in published articles. Otsuka, Nakano, and Takahashi (2016) also 
question whether contract farmers, who passively accept inputs and follow the 
production instructions given by the contractor without making risky deci-
sions under uncertainty, receive significantly higher income. As Schultz has 
argued (1974), high income accrues to the ability to make proper decisions 
under a dynamically changing setting. If this is the case, it is likely that con-
tract farmers receive only marginally higher income than alternative income 
sources. To conclude, it is fair to argue that the effect of contract farming on 
the welfare of smallholder farmers needs to be explored further in a variety of 
settings, while carefully dealing with selection bias arising from endogenous 
choice of contractual arrangements.

By conducting an RCT in collaboration with an NGO, Ashraf, Gin, and 
Karlan (2009) offered contract farming with provision of services and credit 
and found certain effects on the production of export crops and income com-
pared with the control group.15 Bellemare and Bloem (2018) point out, how-
ever, that since nonprofit organizations are involved, the external validity of 
their study, or the ability to extrapolate their research findings across time 
and space, will be limited. Bernard et al. (2018) conducted an RCT in which 
a micronutrient-rich fortified yogurt is additionally provided to contract 

14 Among staple crops, the quality variations are larger for rice than others, and rice is sometimes a 
commercial crop in Africa south of the Sahara.

15 See de Janvry, Sadoulet, and Suri (2017) for an excellent review of the literature for field experi-
ments in agriculture.
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farmers. They found that the provision of nutrient-based incentives had 
large and significant impacts on the frequency and amount of milk delivered 
during the dry season, particularly when suppliers are women. Casaburi and 
Willis (2018) conducted another RCT in which the contractor offers insur-
ance to contract farmers and deducts the premium from farmers’ revenues at 
harvest time. According to this study, delaying the premium payment until 
harvest results in a large increase in insurance demand. These studies indicate 
that there is room for further improving the nature of contract farming for 
the benefit of smallholders. 

Otsuka, Nakano, and Takahashi (2016) argue that to make farmers truly 
better off, farmers must be transformed from ordinary farmers engaged pri-
marily in production to “entrepreneurial” farmers engaged also in market 
research, production designs, technology and crop choices as well as marketing. 
If and only if farmers are engaged in such pre-production and post- production 
activities will the introduction of high-value products in developing countries 
lead to significant improvements in both efficiency and equity. 

The Role of Nonfarm Sectors  
in Income Generation
There is no doubt that increasing nonfarm income is a major source of increas-
ing rural household income. According to Haggblade, Hazell, and Reardon 
(2007), the share of nonfarm income in total income of rural households is 
51 percent in Asia, 47 percent in Latin America, and 37 percent in Africa in 
the early 2000s. These numbers are surprisingly consistent with findings of 
many case studies. For example, de Janvry and Sadoulet (2001) found that 
its share was 55 percent in Mexico; Estudillo and Otsuka (1999) found a 
share of 51 percent in the Philippines; and Matsumoto, Kijima, and Yamano 
(2006) reported shares of 45 percent in Kenya, 30 percent in Uganda, and 
13 percent in Ethiopia. It appears that the nonfarm income share is higher in 
more developed countries. Indeed, the nonfarm income share has been rising 
with income growth of the economy. For example, the nonfarm income share 
increased from 27 percent in 1966 to 51 percent in 1994 in the Philippines 
(Estudillo and Otsuka 1999), 34 percent in 1988 to 46 percent in 2004 in 
Bangladesh, and 6 percent in 1987 to 37 percent in Thailand’s Central Plain, 
and 30 percent to 81 percent during the same period in the country’s north-
east region (Otsuka, Estudillo, and Sawada 2009).

There is consensus in the literature that the increasing nonfarm income 
share is pro-poor, thereby contributing to the equality of income distribution 
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(de Janvry and Sadoulet 2010; de Janvry, Sadoulet, and Zhu 2005; Estudillo 
and Otsuka 1999, 2016; Hayami and Kikuchi 2000; Lanjouw and Lanjouw 
2001; Matsumoto, Kijima, and Yamano 2006; Lanjouw and Murgai 2009; 
Otsuka, Estudillo, and Sawada 2009). A major reason why nonfarm jobs are 
pro-poor is that land-poor households—that is, landless and near-landless 
households that belong to the poorest segment of poor rural society—more 
actively seek nonfarm jobs than landed households. They rely more on labor 
income than on other income sources, such as land rental revenue and cap-
ital income. In Myanmar the shares of nonfarm income were 9 percent and 
32 percent for farmers and landless households, respectively, in 1996, whereas 
the corresponding shares were 18 percent and 62 percent in 2012 (Estudillo 
and Otsuka 2016). In the Philippines the income of the landless was roughly 
one-half that of farmer households in 1985, but the incomes of their children 
were roughly equalized in 2008, owing to the more active participation of 
children of the landless in nonfarm jobs (Estudillo and Otsuka 2016).

Studies have also indicated that farm households engaging in nonfarm 
employment tend to earn higher household incomes and produce agricultural 
products more efficiently, which likely increase and stabilize food consump-
tion. Nonfarm employment also allows farmers to reduce their vulnerability. 
Nonfarm activities serve as diversification of household earnings to sustain 
household income and stabilize consumption over time (Seng 2015). In fact, 
off-farm income is a risk management strategy, which is used for managing 
the production and income risk to ensure the stability of the farmer’s income 
(Velandia et al. 2009; Ping et al. 2016). Akhtar et al. (2019) investigate the 
factors affecting the concurrent use of off-farm income diversification strategy 
and agricultural credit, which the farmers use to manage the risk in maize pro-
duction in Pakistan. The authors find that education, livestock number, and 
the risk-averse nature of the farmers are among factors that encourage income 
diversification. Needless to say, the impact of nonfarm activities depends on 
the returns from the nonfarm income generation activities. Scharf and Rahut 
(2014) found that low-return nonfarm work is associated with lower income 
inequality, while high-return nonfarm activities seem to be linked with less 
equal household income distribution.

The accurate evaluation of the economic effects of nonfarm activities on 
farm households is analytically difficult, especially when using household-level 
cross-sectional data, due to self-selection bias and endogeneity of job choice. 
Some studies attempt to reduce these issues using econometric techniques, 
such as propensity score matching used by Owusu, Awudu, and Seini (2011) 
and Olugbire et al. (2011), to find positive impact of nonfarm employment on 

transformation of the rural eConomy 375



household income and food security. The development of the nonfarm sector 
also affects income distribution through the wage channel. Over time, as the 
nonfarm sector absorbs and eventually exhausts surplus rural labor, real wages 
tend to increase. This is the so-called Lewis turning point. The arrival of the 
Lewis turning point has implications for poverty reduction and agricultural 
production. As most of the poor rely on labor income, rising real wages mean 
higher family income for the poor even if they work for the same amount of 
time as before. After a country reaches the Lewis turning point, for example 
China, poverty incidence tends to decline and income distribution improves 
(Zhang et al. 2014; Wang et al. 2016). The pressure of labor shortage after the 
Lewis turning point also induces farmers to substitute labor for machinery in 
agricultural production. The rapid spread of agricultural mechanization in 
China after the arrival of its Lewis turning point is a noted example (Wang et 
al. 2016; Zhang, Yang, and Reardon 2017).

One of the most important factors affecting the choice of nonfarm jobs 
and the amount of nonfarm income is schooling (Ackah 2013; Atamanov 
and Van den Berg 2012; Bezu and Barrett 2012; Cunguara, Langyintuo, and 
Darnhofer 2011; Do, Nguyen, and Grote 2019; Essers 2016; Marchetta 2013; 
Nakajima, Otsuka, and Yamano 2017). Although Foster and Rosenzweig 
(1996) found that schooling affected the profitability of technological 
change in agriculture in the early phase of the Green Revolution in India, 
a large number of studies found that schooling affected nonfarm income 
positively but not farm income (de Janvry and Sadoulet 2010; Estudillo 
and Otsuka 1999, 2016; Jolliffe 2004; Matsumoto, Kijima, and Yamano 
2006; Lanjouw and Murgai 2009; Otsuka, Estudillo, and Sawada 2009). 
Jolliffe (2004) also demonstrates that schooling positively affects the allo-
cation of time to nonfarm jobs. There is a tendency that the magnitudes of 
the coefficient of schooling in the nonfarm income regression increase over 
time (Otsuka, Estudillo, and Sawada 2009; Estudillo and Otsuka 2016). 
The ownership of land or farm size has a generally negative effect on non-
farm income.

At the same time, increasing rural household income stimulates investment 
in the schooling of children, who can later find better nonfarm jobs (Otsuka, 
Estudillo, and Sawada 2009). As illustrated in Figure 11.1, there is therefore a 
virtuous circle of the development of nonfarm sectors, the increasing income 
of rural households, the increased investment in the schooling of children, 
and the supply of an educated young labor force to the nonfarm sectors, which, 
in turn, contribute to the development of the nonfarm sectors.
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The effects of improved infrastructure, such as improved access to paved 
roads and a stable supply of electricity, on the development of local nonfarm 
sectors is not straightforward (see Figure 11.1). For example, road improve-
ment has direct effects on agricultural production and consumption by reduc-
ing prices of purchased inputs and consumer goods and increasing agricultural 
product prices, and indirect effects on the development of farm and nonfarm 
sectors by inducing investments and institutional changes (Khandker, Bakht, 
and Koolwal 2009). As pointed out by Renkow (2007), however, infrastruc-
ture is a double-edged sword: While adequate roads, improved communica-
tion facilities, and a stable supply of electricity will stimulate development of 
the nonfarm sectors, connecting rural areas to urban areas via infrastructure 
improvement and expansion will strengthen competition with urban firms. 
The agglomeration effect in cities may attract more nonfarm jobs to cities. 
Although investment in rural infrastructure fosters overall economic growth, 
whether it promotes development of local rural nonfarm sectors is an empiri-
cal question. 

As would be expected, increased road density and road access have positive 
impacts on total factor productivity in agriculture in India (Zhang and Fan 
2004) and on greater specialization of crops and larger application of fertil-
izer in China (Qin and Zhang 2016). More important, there are several stud-
ies that report the positive effects of improved quality or quantity of rural 
infrastructure on nonfarm production and share of nonfarm income (Fan 
and Zhang 2004; Gibson and Olivia 2010; Khandker, Bakht, and Koolwal 
2009; Qin and Zhang 2016; Ramos et al. 2012). As pointed out by Ramos et 
al. (2012), however, the impacts of rural infrastructure on the development of 
manufacturing sectors in remote rural areas are rarely found. 

In contrast, Khandker and Koolwal (2010) find in rural Bangladesh that 
the expansion of irrigation, paved roads, electricity, and access to formal and 
informal credit are positively associated with farm and rural nonfarm incomes 
probably because of high population density. The authors also found that the 
income gains did not translate to significant poverty reduction for the poor-
est households. Senadza (2012) noted in a study of Ghana that gender com-
position of households, age, education, and access to credit, electricity, and 
markets are among important determinants of nonfarm activities and income. 
In addition, Demissie and Legesse (2013) found that livelihood assets (live-
stock holding, size of cultivated land) and livelihood diversifying strategy 
(crop-based diversification through number of crops grown and harvested) are 
important factors affecting successful income diversification. 
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Strategy for Rural Industrialization
More often than not, manufacturing industries are clustered, meaning that 
enterprises producing the same and related products (for example, part- 
suppliers and assemblers) are located in a small area (Sonobe and Otsuka 
2006). Sonobe and Otsuka (2011) find numerous industrial clusters not only 
in Asia but also in Africa south of the Sahara, some of which are located out-
side urban areas. Otsuka (1998) reports that many garment and weaving clus-
ters are located in rural areas in Asia. Renkow (2007) points out that small 
and medium-sized manufacturing enterprises tend to cluster together in 
remote rural locations. Long and Zhang (2012) find a large number of indus-
trial clusters in China and conclude that “China’s industrialization process is 
largely cluster-based.” Ali, Peerlings, and Zhang (2014) report a large number 
of industrial clusters in Ethiopia. Galvez-Nogales (2010) reports that a variety 
of agro-based clusters exist in rural areas in Latin America, Asia, and Africa. 
There seems to be little exaggeration in arguing that manufacturing and 
agro-processing industries in developing countries are clustered in general and 
clustered in rural areas in particular. These clusters are often located in rural 
towns, which have been remarkably growing (see Chapter 9).

Why are manufacturing industries so often clustered? According to 
Marshall (1920), there are three advantages of industrial clusters, which may 
also be termed agglomeration economies or localization economies: (1) ease of 
division and specialization of labor between enterprises thanks to their prox-
imity, (2) labor pooling or the development of labor markets, and (3) infor-
mation spillovers. Ruan and Zhang (2009) and Long and Zhang (2011) point 
out and statistically confirm that fine division of labor in industrial clusters 
lowers the cost of initial investment, thereby lowering the entry barriers. In 
this way, capital constraints in developing countries can be lessened. In addi-
tion, thanks to the strong social capital embedded in local communities, trade 
credit is widely used in clusters, greatly reducing the reliance on working 
capital. 

Sonobe and Otsuka (2006) argue that a variety of skilled workers, such as 
experienced engineers, designers, and traders, are available in industrial clus-
ters, and are conducive to innovations, alternatively called “new combina-
tions.” There has also been a growing number of industrial clusters in China, 
or “Specialized Towns” with a high concentration of firms producing one 
specific item. Such industrial development has been facilitated to increase 
agglomeration economies and visibility for increased specialization as well as 
an expansion of industrial output, innovation, and regional economic growth 
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(Barbieri, Tommaso, and Bonnini 2012). To sum up, there are positive exter-
nalities among enterprises in industrial clusters, which attract the entry of new 
enterprises and contribute to the formation of industrial clusters. This implies 
that the social benefits of the entry of new enterprises and innovations exceed 
the private benefits. Rural industrial clusters are often agro-based, process-
ing high-value agricultural products (Galvez-Nogales 2010). Agro-processors 
include not only food processors, such as producers of potato chips, fruit 
juice, and wine, but also “pack houses,” which undertake washing, fumiga-
tion, sorting out, grading, packing, branding, and marketing of fresh vegeta-
bles and fruits. While geographical proximity between farmers and processors 
and among processors does not matter much in cluster development, access to 
markets and transportation infrastructure play key roles (Cavatassi et al. 2011; 
Chatterjee and Ganesh-Kumar 2016; Geldes et al. 2015). In order to develop 
such agro-based industrial clusters, linking the clusters with high-value prod-
uct sectors through contract farming is indispensable. 

According to Sonobe and Otsuka (2006, 2011, 2014), broadly speaking, 
there are dynamic and stagnant clusters. Although innovations take place in 
dynamic clusters that lead to the expansion of production and employment, 
an improvement of product quality, and the enlargement of innovative enter-
prises with sizable profits, no such innovations take place in stagnant clus-
ters, in which many small enterprises employ similar production methods, 
produce similar low-quality products, sell such similar products at the same 
domestic markets, and earn hardly any profit. Producers in stagnant clusters 
face challenges of carrying out innovations that often require collective action. 
Similarly, Galvez-Nogales (2010) confirms that there are both dynamic and 
stagnant agro-processing clusters.

It is extremely important to recognize that the social return to innova-
tion is higher than the private return due to imitation. This strongly suggests 
that industrial clusters that successfully internalize externalities by collec-
tive action can innovate and grow. Indeed, Hashino and Otsuka (2016) and 
Galvez-Nogales (2010) show that producer cooperatives play a critical role in 
introducing new technologies, acquiring new market information, and con-
trolling the quality of products produced by member companies within clus-
ters, not only historically in Japan and France but also in postwar Europe and 
the developing world. Similarly, Ruan and Zhang (2009, 2016) find that the 
reputation of low-quality producers in industrial clusters in Zhejiang province 
in China was reversed by the collective action of producer cooperatives, which 
introduced improved production methods, disseminated them to cooperative 
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members, and forced those producers who produced low-quality products 
to exit. It is interesting to note that the activities of producer cooperatives in 
industrial clusters are so similar to those of producer cooperatives in contract 
farming. This is not surprising because the issues facing producers of high-
value agricultural products and those of manufactured goods are qualitatively 
similar (that is, internalization of externalities). 

Producer cooperatives as well as local governments played an important 
role in organizing collective actions and stimulating innovations (Hashino 
and Otsuka 2016). A spectacular example is provided by Zhang and Hu 
(2014), who find that the local government was instrumental in overcoming 
a series of bottlenecks facing Anding potato cluster, such as developing local 
seeds, expanding markets, and attracting starch processing plants. The central 
question of developing rural industrial clusters is how to stimulate the initia-
tion of new businesses and growth of existing ones. Unfortunately, the exist-
ing literature does not provide definitive answers to this question. Otsuka 
(1998, 2007) points out that subcontracting between rural and urban enter-
prises is one of the ways to introduce new production knowledge to rural areas 
from outside. Sonobe and Otsuka (2006) report that township-village enter-
prises in China learned technological and managerial knowledge from state-
owned enterprises (SOEs) by recruiting workers of SOEs or employing them 
as advisers. In China, local governments have embedded incentives to develop 
the local economy, because local officials’ promotion hinges upon local eco-
nomic growth relative to peers. In addition, local governments and the central 
government share revenues according to a fixed formula. Therefore, local offi-
cials are keen in helping figure out solutions, often indigenous, to overcoming 
the obstacles facing cluster development. However, local governments in many 
developing countries do not have such incentives. A research question is how 
to incentivize local governments so that they have embedded interest in foster-
ing local economic development. 

Considering that entrepreneurial human capital is missing in developing 
countries (Bloom et al. 2012; McKenzie and Woodruff 2014), Sonobe and 
Otsuka (2014) argue that management training of entrepreneurs (owners 
and managers) is likely to be an appropriate strategy to stimulate the entry of 
new enterprises and innovations. Several RCTs demonstrated that manage-
ment training improves the enterprise performance significantly (Bloom et 
al. 2013; Mano et al. 2012; Higuchi, Mhede, and Sonobe 2019). Sanyang et 
al. (2016) support such a view in the context of agro-industries in Africa. In 
areas without any organically formed industrial clusters, governments may use 
industrial parks to attract new businesses, in addition to training of potential 
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entrepreneurs.16 While it is often a great challenge to improve the business 
environment and infrastructure for a country as a whole, it is viable for gov-
ernments in developing countries to build industrial parks on a smaller scale 
to take advantage of agglomeration economies. In industrial parks the gov-
ernment can offer potential first movers various kinds of benefits, such as tax 
breaks and ready-to-move factory buildings (Zhang 2016). It is very impor-
tant for the government to take exit strategies into account when designing 
the investment promotion policy as the government cannot afford to subsi-
dize the firms forever. One should also be aware of the enormous challenges of 
establishing industrial parks from scratch. 

Rural-to-Urban Migration
In many rural areas, nonfarm job opportunities are limited. Under such cir-
cumstances, seeking jobs elsewhere becomes an appealing option. Migration 
can have a profound effect on the local economy in two ways. First, migra-
tion can help increase the level of household consumption and reduce its vol-
atility. After a family member migrates out, the number of people eating at 
home naturally drops, thereby increasing the food available for the remain-
ing family members (Xing et al. 2009; de Brauw and Ambler 2018). There 
are also improvements in food security and nutritional status associated with 
remittance from migrants. Remittances can be spent on household consump-
tion and children’s education, serving as an important instrument for poverty 
reduction (Yang 2011; Kikkawa, Matsumoto, and Otsuka 2019). 

In Guatemala and El Salvador, stunting prevalence among children under 
five appears to be lower among migrant-source households (most of which 
receive remittances) than nonsource households. In Tajikistan migrant-source 
households have been found to consume more calories, on average, than non-
source households (de Brauw and Ambler 2018). In northwest Bangladesh an 
NGO program provided migrant laborers money for bus tickets during the 
hungry seasons, allowing many to become seasonal migrants. This support 
led to a long-term increase in seasonal migration and an increase in per cap-
ita consumption among migrant households (de Brauw and Ambler 2018). 
However, there is also evidence that remittance has fueled the conspicuous 
consumption, such as gorgeous housing and gift-giving (Ballard 2001). Thus 
negative impacts of migration on the well-being of migrants and their house-
holds must be noted (Chen, Kosec, and Mueller 2019).

16 In such a case, what industries the government should support is a major question.

transformation of the rural eConomy 381



The second way migration can have a profound effect on the local economy 
is that remittance can also be used for productive investment. For example, 
Woodruff and Zenteno (2007) find that more than 20 percent of the capi-
tal invested in microenterprises in urban Mexico is financed by remittances 
from the United States. Yang (2008) shows that in the Philippines remit-
tances are spent on children’s education and small enterprises. In Guatemala 
households receiving either internal or international remittances spend more 
at the margin on two investment goods—education and housing—compared 
to what they would have spent on these goods without remittances. These 
findings support the growing view that remittances can help increase the level 
of investment in human and physical capital in remittance-receiving coun-
tries (Adams and Cuecuecha 2010; Kikkawa, Matsumoto, and Otsuka 2019). 
Similar findings were made in Ghana, where receiving remittances was linked 
to more investment in education, housing, and health as well as lower likeli-
hood of poverty (Adams and Cuecuecha 2013). 

In contrast, some other studies reveal that remittance has little to do with 
productive investment (de Brauw and Rozelle 2008). In communities heavily 
dependent on remittances, people tend to reduce their work effort. As a large 
proportion of remittances is channeled to local service sectors, such as con-
struction, local manufacturing jobs become less competitive compared with 
service-sector jobs (Acosta, Lartey, and Mandelman 2009). In the Philippines, 
overseas migration cuts into the domestic labor force and the receipts of 
remittances further reduces labor supply, resulting in higher wages. While 
the impact of the higher wages on competitiveness can be mitigated by the 
increase in labor productivity, potential long-term negative effects, such as 
limited diversification of the economy, tend to persist (Bayangos and Jansen 
2011). 

Third, migration facilitates land consolidation and mechanization in rural 
areas. As a farmer migrates out, he or she either rents out or sells his or her 
land. Thus farm size tends to go up with the outflow of migrants (Deininger 
and Jin 2005). Over time, rural-to-urban migration bids up local wages, 
inducing farmers to use more machinery to substitute for labor, as in East Asia 
(Chapter 3; Yang et al. 2013; Wang et al. 2016; Zhang, Yang, and Reardon 
2017). In the case of China, rural-to-urban migration saw land use transition 
accompanied by increased nonfarm income. These nonfarm income sources 
contribute to stimulation of technology adoption for farming to save agricul-
tural labor and to allow earning of more incomes. Together with improved 
transportation and marketization, agriculture is gradually transformed from 
subsistence agriculture to commercial agriculture in China (Chen et al. 2014). 

382 Chapter 11



Overall, migration plays a positive role in expanding the scale of agricultural 
production and facilitating the adoption of agricultural mechanization by 
smallholder farmers. 

Conclusion
The first step toward the transformation of the rural economy is to improve 
the productivity of staple crop production by technological change. This is 
particularly the case in low-income economies, where population pressure on 
limited land resources leads to an imbalance between food supply and food 
demand. The Green Revolution is a solution to this food problem (Otsuka 
2013). Since the Green Revolution requires research on crop breeding and 
improved cultivation practices, as well as extension services, both of which 
are public goods, the role of government is critical in achieving revolutionary 
improvements in the productivity of staple crops. Investment in the human 
capital of farmers through agricultural extension is often neglected but must 
be an integral part of the strategy in realizing the Green Revolution. Since 
the Green Revolution pushes the production possibility frontier of the entire 
economy outward, there will be income gains for the economy as a whole, par-
ticularly through reallocation of resources, even though the Green Revolution 
may not directly stimulate local rural industrialization.

Shift of resources from staple food production to production of high-value 
products is another important strategy to transform the rural economy. The 
transformation crucially hinges upon increasing demand for high-value prod-
ucts. Cutting trade barriers and improving infrastructure can help lower the 
transaction cost from farmgate to consumers and increase market size, thereby 
improving the profit margin of high-value crop producers.

Contract farming is an effective institutional arrangement to organize 
the production of high-value crops. Yet, to bring about large income gains 
to smallholder farmers from the production of such products, it is essential 
for the government or private sector to provide training to transform ordi-
nary farmers producing staple crops to entrepreneurial farmers who carry 
out not only production of high-value products but also pre-production and 
post- production activities. Otherwise, the income of farmers from the pro-
duction of high-value products may not increase significantly, even if the pro-
duction efficiency of farming improves dramatically. Another option is to 
encourage producer cooperatives. By joining cooperatives, smallholder farmers 
gain greater bargaining power when negotiating with buyers and obtain bet-
ter access to inputs and services. However, organizing cooperatives involves 
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coordination cost. Only when the benefits overtake the cost, do the producer 
cooperatives sustain. 

The importance of nonfarm income has been increasing in the developing 
world. To provide lucrative nonfarm employment opportunities, governments 
should recognize the importance of indigenous rural industrial clusters and 
facilitate their growth through various local policies, such as improving access 
to markets, organizing training, and inspecting product quality. The clus-
ters capitalize the existing strengths embedded in rural communities—that 
is, strong social trust and abundant labor. The social rate of return to invest-
ment in the training of workers and entrepreneurs exceeds the private rate of 
return, partly because of the turnover of trained workers and partly because 
of information spillovers from competent entrepreneurs to others. Thus, in 
many cases the government must support the investment in training on top 
of the training offered by the private sector, including producer cooperatives. 
In areas with an absence of any industrial clusters, the government may try 
to construct industrial parks, offering some incentives to attract promising 
entrepreneurs in addition to providing training to potential entrepreneurs. 
However, the odds of success are often much lower than promoting indige-
nous clusters. 

In areas where local job opportunities are limited, migration is another 
choice. When migrants find better-paid jobs elsewhere, they send home remit-
tances, which boost the consumption level of remaining family members and 
reduce poverty. As more rural people migrate out, agricultural land rental 
markets and mechanization service markets often emerge to cope with the 
resultant labor shortage. A side effect of remittance is that it often results in 
conspicuous consumption. In short, whether the rural economy is success-
fully transformed from subsistence farming areas producing primarily sta-
ple crops to a rural economy producing high-value agricultural products and 
diverse industrial goods depends critically on the role of local government 
as well as the collective action of producers and agro-processors. Policies 
that help expand markets and address externality problems should be greatly 
encouraged. 
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FOOD VALUE CHAIN TRANSFORMATION  
IN DEVELOPING REGIONS

Thomas Reardon and Bart Minten

The “food system” is defined by Reardon et al. (2019) as a “dendritic cluster” 
of value chains linking the following: 

1. Input suppliers to farmers (“farm input value chains”). 

2. Farmers upstream to wholesalers and processors midstream, to retailers 
then consumers downstream (“farm output value chains”). 

3. “Lateral service value chains” to all segments of the above two value 
chains (such as the transport supply chain as input to the wholesale seg-
ment of the output value chain).

4. R&D&E (research, development, and extension) suppliers to all the seg-
ments of the above value chains (such as the generation of new crop vari-
eties by breeders in research institutes, to extension agents to farmers). 

In this chapter, for brevity, we focus on the output value chains, but the 
conceptual framework and most trends are also relevant to the input value 
chains, the lateral service value chains, and R&D&E suppliers. Output value 
chains in developing countries have transformed over the past 50 years but par-
ticularly quickly only in the past 25 years. In many countries the transforma-
tion of value chains has been abrupt, not gradual. Reardon and Timmer (2014), 
illustrating with Asian evidence, explain the drivers of this rapid change as a 
confluence of the following three sets of interlinked transformations: 

1. Downstream demand side change (urbanization and diet change) “pull-
ing” system transformation. 

2. Midstream/downstream change (in the structure and conduct of 
retail, wholesale, logistics, and processing) “intermediating” system 
transformation. 

3. Upstream change (intensification, diversification, and commercializa-
tion of farming) “feeding” system transformation. 
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This chapter focuses on the downstream and midstream transformations 
(leaving to other chapters the treatment of upstream farm sector change). The 
chapter proceeds as follows. The next section lays out a heuristic conceptual 
framework of the product cycle and stages of transformation of the food value 
chains (FVCs). Then the main lines of the evidence concerning rapid trans-
formation of FVCs in the developing region are traced. The three waves of 
research on the transformation of FVCs mainly over the past 70 years are dis-
cussed. The chapter concludes with an assessment of the literature and its gaps. 

A Heuristic Conceptual Framework Regarding  
the Stages of Transformation of Food Value 
Chains and the Product Cycle
We provide a simple heuristic framework to classify and discuss the trans-
formation of FVCs. We start with the traditional “structure-conduct- 
performance” model to facilitate a “stylized facts” description of the stages of 
transformation of FVCs (de Figueirêdo, Meuwissen, and Oude Lansink 2014). 
That framework is neutral with respect to the product, but one encounters 
products in different phases of their evolution in the market. Thus we also 
discuss the concept of the “product cycle,” which classifies products and thus 
FVCs. Finally, we combine these first two concepts by presenting a taxonomy 
of FVC transformation in three stages: traditional, transitional, and modern. 
The taxonomy is necessarily, for our purposes, heuristic, broad brushstroke, 
and simplifying, setting aside substantial nuance and heterogeneity across 
countries and products in the empirical reality. 

Structure-Conduct-Performance
An “industry” can be equated here with a given food value chain, such as the 
rice value chain from rice farm to rice retailer. The framework’s application to 
an FVC has the three sets of analytical questions: the structure, the conduct, 
and the performance of the FVC.

Structure of the Food Value Chain

The structure (in an industrial organization sense) of the FVC can be seen 
from several angles. First, it can be viewed “chain-wide”: 

1. What are the number of segments of the FVC and thus what we call 
its “intermediation length”? For example, the elimination of a segment, 
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such as wholesalers between retailers and growers, is “disintermediation” 
and reduces the intermediation length. 

2. What is the FVC’s “spatial length” (and geographical orientation)? For 
example, is it a long chain stretching from distant rural areas to cities, 
or a short local chain? Is it rural to rural, or urban to rural, or rural to 
urban? Is it domestic or international? 

3. What is the distribution across the segments of the chain of the forma-
tion of costs and value-added? This can be thought of as “cross-segment 
concentration.” Viewed another way, what is the share of the post-
farmgate segments (and its complement, the share of farmers) in the 
total value of output of the FVC? 

Second, structure can be viewed per segment: 

1. How concentrated (over firms) is a given segment (such as measured 
by the Gini coefficient of, for example, processing firms in the FVC)? 
Another way to look at this is the share of the largest scale stratum of 
the actors in a segment in the total output of the segment. For example, 
what share do large mango farms have in the total output of mangoes 
in a province in Indonesia (compared with medium and small farms)? 
The share of output can differ from the share of a stratum in the num-
ber of firms or farms in that segment. For example, Qanti et al. (2017) 
showed that although marginal or “backyard” mango farms consti-
tute 80 percent of mango farms on Java, they control only 20 percent 
of the output; the 10 percent of farms that are medium-sized control 
60 percent of the output.

2. How specific is a given segment’s actors to the product of that FVC ver-
sus supplying products or services “horizontally” across a number of 
product FVCs? For example, the vegetable trucks of the logistic segment 
of the tomato FVC may also carry cucumbers for the cucumber FVC. 
So vegetable trucks are both a (vertical) segment in one vegetable FVC 
but also a shared segment across a number of vegetable FVCs. 

But there can also be “asset specificity” for a segment. This term is usu-
ally used in the new institutional economics (NIE) literature to indicate, 
say, a piece of equipment that a firm has to buy to participate in a spe-
cialized supply chain, such as an ultra-high temperature (UHT) milk 
processor to supply milk to the Tetrapak packaged sterile milk mar-
ket in Brazil (Farina et al. 2005). That machine is not of use for other 
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purposes, so buying it means locking part of the firm’s capital into that 
particular FVC. That can also go for products. A modern meat-cutting 
machine can be calibrated to process a number of different ruminant 
carcasses but cannot be used for processing fish into fish fillets. So the 
machine is specific to the ruminant FVCs, perhaps used multifunction-
ally across those meat chains, but not used for the fish FVC. 

Similarly, a “trader” (in the commerce segment) might trade not just in 
maize but also in soy, such as in Nigeria (Liverpool-Tasie et al. 2017). 
But a milk trader might only trade in milk due to asset specificity of 
his or her vehicle (such as a tanker truck) or equipment (cold tank). 
Agglomerations of actors can also serve across FVCs. A good case is a 
wholesale market. 

3. What is the spatial distribution of the actors in each segment? Are the 
firms or farms clustered or dispersed? Is this correlated with firm scale 
and thus with concentration in the industrial organization sense? An 
example is whether small dairy farms tend to be concentrated in hilly 
areas and larger farms in valley bottomland, or whether large feed mills 
are peri-urban and small feed mills are scattered in rural areas. 

4. What is the capital ownership pattern, such as what share of the capital 
is foreign owned, or collectively owned?

Conduct of the Food Value Chain 

The conduct or behavior of the FVC can be seen from several angles. First, 
what is the technology used by producers? Producers are the actors in all seg-
ments of the FVC—from input producers and sellers, to farmers, to whole-
salers, retailers, and logistics agents who produce services, and processors who 
produce (food) manufactures. Technology is assessed via three measures: (1) 
the ratio of productive factors used, such as the intensity of labor use and capi-
tal per unit of output—for example, a supermarket may be more capital inten-
sive than a traditional retailer; (2) the intensity and types of intermediate 
inputs (such as types of milk used to make cheese); and (3) the scale of produc-
tion of the actor.

Second, what organization is used by farms and firms to produce, to buy 
inputs, and to market outputs? To what degree do firms and farms in a given 
segment vertically integrate (such as a processor also having its own farms 
or its own retail shops) versus acquire inputs or marketing services from oth-
ers? To what degree do firms and farms horizontally cluster in cooperatives 

400 Chapter 12



or other groupings? Is that for production or for input procurement or for 
marketing? 

Third, what institutions do farms and firms in the segment (and between 
segments of the FVC) use to organize their purchase of inputs and sale of out-
puts? In general, institutions are used to coordinate intersegment relations 
and impose requirements on suppliers. To what degree do firms and farms 
mediate their intersegment relations with contracts? For example, how preva-
lent is contract farming by processors? Do public standards for product qual-
ity and safety regulate suppliers in the food value chain? Do midstream and 
downstream firms such as processors and retailers impose private standards 
on suppliers?

Fourth, what is the supply and demand of facilitating lateral supply chain 
services such as finance and information to and from the segments of the 
FVC? For example, FVC financial conduct analysis examines the sources 
of and destinations of finance to and from the actors in each segment and 
between the segments of the FVC. The types of finance by FVC actors 
include: value-chain finance, and in particular, buyers’ credit to suppliers and 
suppliers’ credit to clients; self-finance by the FVC actor; and credit that is not 
predicated on value-chain relationships, such as a bank loan or microcredit. 

Performance of the Food Value Chain

As with structure and conduct, the performance of the FVC can be seen in 
terms of the FVC as a whole or of the specific segments (such as the perfor-
mance of the farm segment per se). But both of these can be analyzed along 
similar axes, including but not limited to (1) the efficiency of the whole chain, 
which can include the marketing margin and price integration analysis; (2) 
the equity of the chain or its segments, measured for example in concentration 
of income, inclusion of the poor and disadvantaged (as producers or consum-
ers or zones), and adequacy of producer prices and affordability of consumer 
prices; and (3) externality effects of the FVC, such as on nutrition and the 
environment. 

Product Cycle 
The product cycle is a concept from classical economists such as Ricardo 
(1817) and then formalized as part of a link to trade theory by Vernon (1966; 
1979). Translated into the context of the agrifood economy, the essential idea 
is that a product has a life cycle that starts as a new product or niche, then 
that niche product is commoditized into a bulk widely distributed product, 
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perhaps growing and diffusing over national markets, until it reaches “matu-
rity.” At the latter point its profitability has been competed down, and it either 
declines or “dies” or transitions into differentiated products that themselves 
are again niche products and grow into commodities. 

We can think of the product cycle evolution as driven by the “Cochrane’s 
treadmill” (Cochrane 1979), where suppliers enter at each stage and com-
pete down the profit, with the innovator driving the product to the next stage 
of the product cycle. The first step is the product’s introduction into a local 
market as a niche product. Then, as its production is increased and it is mar-
keted more broadly (beyond the local market), its price is driven down, and it 
becomes a bulk commodity. Competition drives innovation to create differ-
entiated products from the commodity base. These innovations can be, for 
example, in variety, color, taste, size, type or degree of processing, packaging, 
and so on. Each differentiated product becomes again a niche and the cycle 
continues by the drive to commoditize it. 

An example is the product that used to be called a Chinese gooseberry, a 
niche fruit grown locally in China’s mountains. In the second half of the 20th 
century it was renamed “kiwi fruit” by New Zealanders and the green vari-
ety grown extensively throughout the world as a bulk commodity. It was then 
bred by New Zealanders into sweeter varieties, such as the golden kiwi—a dif-
ferentiated product that is sweeter and with edible skin. The golden kiwi is 
now being “commoditized” such as with a recent shift to mass production of it 
in Italy and California.

Three Stages of FVC Transformation
We conceive of three stages of transformation of the food value chain 
(Reardon et al. 2019). These stages are functions of characteristics of the struc-
ture and conduct of the FVC as well as the phase of the product cycle. 

The Traditional Stage 

In the traditional stage, the following patterns are common. The reader could 
imagine in current time cereals or dairy in rural village markets in Ethiopia 
and Nepal, or food markets in most developing regions in the 1970s, or such 
markets in the United States in the 1920s and 1930s. First, in terms of struc-
ture, traditional FVCs are spatially short because the urban share of the pop-
ulation in the food market is low. They are also intermediationally short 
because much of the market is in the rural area and even the same village. The 
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share of grains and other staples in the food economy is very high: there is rel-
atively little production of nongrain products, hence few supply chains for 
them, except in pockets of traditional cash crops. The share of value-added in 
postharvest segments of the FVCs is small: home processing reigns, and the 
wholesale and logistic sectors are small because food is not moved far. Most of 
the segments are fragmented. Concentration is mainly observed where gov-
ernments assured grain supply to emerging urban populations at subsidized 
prices via parastatals.

Second, in terms of conduct, as the bulk of the food system is in niche 
phase for nongrains and niche-to-commodity phase for grains, there is little 
quality differentiation, standards, or economies of scope. Technologies are 
labor intensive per unit of output. Enterprise scale is tiny. Spot market rela-
tions dominate food value chains; contracts are not used. 

The Transitional Stage 

In the transitional stage, the following patterns are common. The reader could 
imagine in current time aquaculture fish, teff, and maize into urban mar-
kets in Bangladesh, Ethiopia, and Tanzania respectively, or food markets in 
the United States in the 1940s through the 1960s. First, in terms of structure, 
transitional FVCs are spatially long because the urban share of the popula-
tion in the food market is moderately high. The exception, where short supply 
chains still dominate, is in highly perishable products such as leafy greens and 
farmed fish and dairy. Food value chains are intermediationally long as many 
small and medium-scale actors in the midstream of the FVCs emerge to add 
value and move food from rural areas to urban areas. In the transitional phase 
the share of value-added in postharvest segments of the FVCs is moderately 
large as wholesale, processing, and logistics sectors have blossomed. 

Governments have by the transitional stage largely dismantled output and 
input parastatals and private firms, especially small and medium-sized enter-
prises (SMEs), have flooded in, as part of what Reardon (2015) calls a J-curve 
of concentration: in the traditional stage, there is moderate concentration 
(parastatals in the public sector alongside a fragmented “parallel market” pri-
vate sector). Then, with liberalization and privatization of parastatals (in the 
1980s and 1990s in developing regions), there is deconcentration with the 
proliferation of SMEs. By the transitional stage the share of grains and other 
staples in the food economy is now a minority share. Bennett’s Law (1941)—
stating that when incomes increase, people consume relatively fewer starchy 
staples and relatively more nutrient-dense (and more expensive) foods—in 
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consumption and diversification in farming beyond grains has radically 
increased production of and FVCs in animal and horticultural products. 

Second, in terms of conduct, the bulk of the food system is by the tran-
sitional stage in a major shift from the niche to the commodity phase of the 
product cycle. There is still little quality differentiation, but public standards 
have started to emerge for grades and quality, and in some cases for prod-
uct safety. The exception is mostly on the side of value-added, as purchased- 
processed foods and differentiated products for grains (convenience foods 
and increases in quality) develop rapidly in this stage. 

Technologies are still labor intensive, but machine use has emerged in 
farming and in the rest of the food value chain. For example, home processing 
such as hand pounding of grain found in the traditional phase has now given 
way to the proliferation of SMEs, milling companies, alongside a few emerg-
ing large-scale companies. SMEs also start playing a bigger role in logistics and 
wholesale. Spot market relations still dominate, but in a few cases contracts 
are beginning to emerge. 

The Modern Stage 

In the modern stage, the following patterns are common. The reader could 
imagine in current time food value chains for Senegal mangoes into export 
markets, rice into the main urban markets in China, and dairy products in 
Brazil, as well as US food markets in the 1970s, 1980s, and beyond. First, in 
terms of structure, modern FVCs are spatially long as the urban share is high. 
Even perishable products such as poultry and dairy and vegetables are by this 
stage produced far from cities and shipped frozen, chilled, packed, and so on. 
(But in the most advanced modern stages, there is a renaissance of peri-urban 
production of some of these products, such as in vertical horticulture.) 

By the modern stage, food value chains have become intermediationally 
short with a trend toward “disintermediation”—as supermarkets and large 
processors transact directly between themselves and in some cases buy direct 
from farms. The right-hand side of the J-curve noted earlier has occurred, 
with substantial concentration in all segments at least upstream and down-
stream from farms, as well as in the farm sector in some countries. The 
SMEs that remain stayed competitive through product differentiation or a 
shield of high transaction costs (such as those in the hinterlands). Foreign 
direct investment (FDI) liberalization started in the transition stage has by 
the modern stage caused widespread multinationalization of a number of 
FVC segments.
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The wholesale sector has evolved to be off-market (outside wholesale mar-
kets) with the rise of large logistics and wholesale firms. In the transitional 
phase the share of value-added in postharvest segments of the FVCs is large 
(in the United States around 90 percent) in long and complex supply chains. 
The “food service sector” such as fast-food chains has increased to a substan-
tial share of the food economy (from a modest share in the transitional stage 
and a tiny share in the traditional stages). By the modern stage, the share of 
grains and other staples in the food economy is now a small share of over-
all food, about a quarter or less. Nongrain supply chains and processed food 
FVCs dominate the total food sector. 

Second, in terms of conduct, the bulk of the food system is by the mod-
ern stage in a major shift from the commodity to the differentiated products 
phase of the product cycle. There is now substantial quality differentia-
tion, and private standards for quality and in some cases safety have emerged 
to begin to eclipse public standards (Henson and Reardon 2005), such 
as occurred in the dairy sector in Brazil in the 1990s (Farina et al. 2005). 
Technologies are now largely capital intensive—that is, mechanized all along 
the FVC. Information-based systems (such as smart chips in packaging and 
logistics and drones in agriculture) have emerged. Spot market relations are 
relegated to some sectors like fruits and vegetables, but in meats, grains and 
dairy contracts have come to dominate. 

Synthesis of Stages of Transformation
A synthesis of the features of the food economy in these three different stages 
of food value chain transformation is shown in Table 12.1. We see significant 
differences over the three stages in the urban share in food markets, the share 
of grain and staples, seasonality, the importance of the food service sector, and 
the stage in the product cycle as well as the reach of the FVC, which moves 
overall from local niche products in the traditional FVC to globalized differ-
entiated products in the modern FVC.

The FVC lengthens in spatial and intermediation terms with transforma-
tion. Significant change is also seen in value-addition (from low to high) and 
concentration (from moderate, to low, to high) over the three different stages 
of FVC transformation (Table 12.2). Conduct changes from low- quality 
demands, spot market trade, and labor-intensive technologies in traditional 
FVCs to high-quality differentiation, the wide use of contracts, and capital- 
intensive technologies in modern FVCs. 
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Table 12.3 focuses on the midstream and downstream segments. It shows 
that traditional FVCs are dominated by domestic processing and fragmented 
wholesale and retail markets. In transitional FVCs, the public sector takes a 
more important role for the organization of midstream and downstream seg-
ments, but we also note a fast proliferation of small and medium-sized enter-
prises in this stage. Modern FVCs see consolidation and concentration with 
large private supermarkets becoming dominant players in this stage.

TAbLE 12.1 Synthesis of features of the food economy for different stages of food value 
chains (FVC)

Characteristics  
of the food economy Traditional FVC Transitional FVC Modern FVC

urban share in food market low medium high

share of grains and staples high medium low

seasonality high medium low

Food service sector small modest large

reach FVC local national global

product cycle local niche national commodity differentiated product

Source: authors.

TAbLE 12.2 Synthesis of features of structure and conduct for different stages of food value 
chain (FVC) transformation

Characteristics of structure  
and conduct Traditional FVC Transitional FVC Modern FVC

Structure

spatial length FVC short long long

intermediation length FVC short long short

Value-addition low medium large

Concentration moderate low (parastatals; large 
number of small and 
medium-sized enter-
prises)

high (private large-
scale food industry 
firms)

Conduct

Quality differentiation low low high

Quality and safety standards Few public private

technologies labor-intensive labor-intensive Capital-intensive

Contracts spot markets only spot markets dominate; 
emergence of contracts

spot markets small; 
contracts dominate

Source: authors.
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Evidence Concerning the Rapid Transformation  
of FVCs in Developing Regions
While the transformation from traditional to transitional to modern FVCs 
took about 100 years in the United States and western Europe, today’s devel-
oping regions have in the main made the step to transitional in 20 years, and 
the frontrunners the step to emerging modern FVCs in 20 to 30 years. The 
two surprises are that the transformation is in its essence similar to what hap-
pened in the United States, just that it has been far faster, nearly abrupt and 
sudden, in the developing regions. A fitting image is a tidal wave, which is a 
small ripple in the ocean for a thousand miles then wells up as it comes to the 
continental shelf. That is the shape of the change in the developing world’s 
food economy. The main reason FVCs changed so fast in developing regions 
was that there was a confluence of changes that were mutually reinforc-
ing, magnifying, and accelerating—a coevolution of the different pieces. We 
explore that confluence from two angles. 

On the one hand, there were systemic changes, which we classify as (1) 
“meta conditioners” (change in policy and transport/communications, urban-
ization, and change in diets) that spurred and facilitated the changes in the 
FVC segments; and (2) downstream and midstream segment transforma-
tions (in retail, processing, wholesale, logistics). We do not treat the upstream 
change in farms and input systems; those are covered in other chapters. On 
the other hand, there are a number of cases of local confluences of transforma-
tion within or over segments. Below we discuss two such cases: in potato cold 
storages in India and teff wholesale, processing, and transport in Ethiopia. 

TAbLE 12.3 Synthesis of features of midstream and downstream segments for different 
stages of food value chain (FVC) transformation

Activities Traditional FVC Transitional FVC Modern FVC

midstream pro-
cessing

mostly domestic parastatals and proliferation 
of small and medium-sized 
enterprises

Consolidation of private 
sector

midstream whole-
sale/logistics

Fragmented whole-
sale markets

publicly run wholesale 
markets (with private whole-
salers)

Concentration; dedicated 
wholesalers; large-scale 
logistics firms; direct 
linkages of retail firms

downstream retail Fragmented small retail shops dominant; 
government parastatal re-
tailing; emergence of private 
supermarkets

private supermarkets 
dominant; modernization 
of procurement systems 
of supermarkets

Source: authors.
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These episodes provide a deep understanding of why and how FVCs are 
changing so very fast. 

Meta Conditioners and Downstream Pull Forces

Policy and Infrastructure

Policy liberalization and privatization occurred during the 1980s through the 
2000s as part of transitions away from administered food economies in “tran-
sition” countries such as China and Viet Nam as well as “structural adjust-
ment programs” in most of the developing countries in Africa, Asia, and Latin 
America. Food procurement and distribution parastatals were largely privat-
ized, and internal and external trade in food at least partially liberalized. This 
spurred the spread both of small and medium-sized enterprises as well as the 
entry of modern firms via both foreign direct investment and domestic invest-
ments. The latter led to the spread of large processors, supermarkets, and fast 
food chains. FDI liberalization was particularly important as a key induce-
ment to this process.

Infrastructural investment has encouraged lengthening of supply chains 
and transformation in midstream and downstream segments. Hard infra-
structure encourages the development of FVCs. Combined with rising urban 
demand, infrastructural investment has encouraged private investments by 
SMEs in the midstream of value chains, such as by teff millers, transporters, 
and retailers in Ethiopia. Small farmer access to markets is conditioned by 
infrastructure and distance to market. Barrett (2008) found the latter much 
more influential than macroeconomic and trade policies on small farmer par-
ticipation in markets. Stifel, Minten, and Koru (2016) show a doubling of 
commercial surplus for farmers connected to a market compared with more 
remote farmers. 

Communication access to information has increased significantly with 
the widespread availability of mobile phones (Nakasone, Torero, and Minten 
2014). A large share of farmers in the commercial areas, ranging from a high 
of 97 percent in China to a low of 27 percent in Ethiopia, owned mobile 
phones at the time of the survey (around 2010). Taking a simple average of 
crops and countries in Asia, the data show that almost a quarter of farmers in 
commercial zones reached a price agreement by phone in their last transaction 
(Nakasone, Torero, and Minten 2014). For rice and potato supply chains in 
Dhaka, rice chains in Beijing, and potato chains in Delhi, almost all farmers 
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who used phones contacted multiple traders before engaging in a transaction. 
Overall, 40 percent of staple suppliers in these rural-urban supply chains had 
contacted multiple buyers by phone before their last transaction (Reardon et 
al. 2012). 

Urbanization

Urbanization has advanced to the point where rural-urban food supply chains 
dominate food markets in Asia and Africa. The impacts of urban markets 
have transmitted deeper and deeper into rural areas, and value chains have 
grown longer, spurred by urbanization and aided by the spread of rural whole-
sale markets, rural roads, and rural electrical grids. The rapid urbanization 
under way in developing regions, especially in Africa and Asia, is discussed in 
detail in Chapter 9 of this volume. Here we simply add the point that urban 
population shares underestimate the share of urban areas in total food con-
sumption and total food purchased. This is because urban incomes suffi-
ciently exceed rural incomes, which compensates for the higher-income urban 
consumers (per Engel’s Law [1857]) having lower shares of food in their total 
budgets.1 In Eastern and Southern Africa, 25 percent of the population is 
urban, but cities consume 48 percent of food produced and sold in the coun-
tries. In Asia, Reardon, Hu et al. (2015) show that while 38 percent of the 
population is urban, 53 percent of the (purchased) food market is urban.

Diet Change

Whereas Chapter 10 in this volume focuses on nutrition, agriculture, and 
health linkages, this chapter emphasizes changes in diets in developing 
regions that have important effects on the transformation of value chains per 
se. Diets have gone from (traditionally) mainly home-produced to increas-
ingly purchased. Even the rural poor are heavily engaged in the food market as 
buyers. In the developing countries of Eastern and Southern Africa, for exam-
ple, Dolislager, Tschirley, and Reardon (2015) show that rural households 
bought 44 percent (in value terms) of food they consume. Reardon, Hu et al. 
(2015) show that in Nepal, Indonesia, and Viet Nam, rural households bought 
73 percent of their food (in value terms).

1 Engel’s Law states that as incomes increase, the share of those incomes that is spent on 
food decreases.
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There has been substantial diet diversification into processed food with 
penetration first in urban but also in rural areas. In Eastern and Southern 
Africa (Tschirley et al. 2015) urban households dedicate 56 percent of food 
expenditures to processed foods, and rural households, 29 percent. In Asia 
(Reardon, Hu et al. 2015) urban households dedicate 73 percent of food 
expenditures to processed foods, and rural areas, 60 percent. In addition, 
there has been much diet diversification beyond grains, with only modest dif-
ferences between urban and rural. In the Eastern and Southern Africa study 
countries, the share of nongrains in urban food expenditure was 66 percent, 
and rural, 61 percent. In Asia the figures were 74 percent for urban and 
63 percent for rural.

The middle class at least in Asia and Latin America has increasing demand 
for food quality and safety, in particular for semiprocessed foods such as dairy 
and to a certain extent for perishable foods (Ortega et al. 2012; Pingali 2006). 
Diets remain basically local—with only a small share imported. For example, 
80 percent to 90 percent of national food consumption is supplied by domes-
tic supply chains. Based on our calculations from FAOSTAT food balance 
sheets and COMTRADE, imports are only 10 percent to 20 percent (in 2010 
for Eastern and Southern Africa, 15 percent; West Africa, 11 percent; South 
Asia, 10 percent; and Southeast Asia, 21 percent). 

There have been several drivers of diet change in developing regions. Diet 
change is driven by factors on the demand side. Income increase drives a rel-
ative shift toward nonstaples (per Bennett’s Law). But that income increase 
is not only between poor and middle-class status: Dolislager, Tschirley, and 
Reardon (2015) show for Eastern and Southern Africa that sharp changes in 
diet occur over the segments of the poor, with the rate of change steeper than 
between the poor and nonpoor segments. With urbanization, women are 
increasingly working outside the home, and thus with rising opportunity costs 
of time to shop for, process, and prepare food. Men are increasingly working 
far from home. These trends spur purchase of “convenience cereals” like rice 
and wheat (Senauer, Sahn, and Alderman 1986) as well processed foods and 
restaurant-prepared foods.

Diet change has also been driven by factors on the supply side. The food 
processing sector has grown fast over the past several decades. Agriculture 
has rapidly diversified beyond grains into horticulture, dairy, livestock, fish, 
and pulses. Rural-urban food supply chains have developed enormously to 
move these products to urban as well as rural consumers; Reardon, Tschirley 
et al. (2015) calculated that African food supply chain volumes increased 
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six- to eight-fold over 1970 to 2010, with most of the increase in the past 
20 years.

Trends in Transformation of the Downstream and 
Midstream of Food Value Chains
Changes in the structure and conduct of FVCs have occurred over the whole 
length of the chain as a system, as well as at the level of each segment—from 
downstream, to midstream, to upstream. 

Overall Changes in Food Value Chains

Urbanization and better transport infrastructure have induced spatial length-
ening and deseasonalization of FVCs, to draw from an increasingly broad 
market-catchment area to feed cities. There has been a proliferation of tradi-
tional intermediaries and then a reduction of their numbers and a rise of mod-
ern intermediaries. Traditionally there was a short FVC (from farms to the 
local villages and towns). With urbanization, however, the FVCs grew longer, 
and there was a proliferation of rural brokers and wholesalers, urban whole-
salers, urban semiwholesalers, transporters, warehouse firms, and retailers, all 
as small-scale firms. As consolidation in processing and retail occurred, there 
has been a shift, fastest in processed and semiprocessed foods, slowest in per-
ishables, toward the exit (or absorption) of small rural brokers and small pro-
cessors (Reardon 2015). With the rise of supermarkets and processors, there 
is also a “re-intermediation” with the rise of dedicated/specialized wholesalers 
(Reardon and Berdegué 2002).

In links between FVC segments, there is organizational and institutional 
change, albeit at very different paces depending on the product, the scale 
of the firm buying the product, and the country. There is a start of vertical 
coordination through de facto semicontractual relations, like supplier lists 
(Berdegué et al. 2005), and some formal (even if just verbal) contracts. The lat-
ter are still limited but the former appears to be spreading especially among 
large companies. There is a rise of private standards (Reardon et al. 1999) 
specified in the contracts. Moreover, a traditional method of intersegment 
linkage, tied output-credit markets (Bardhan 1980), where a trader advances 
funds to a farmer and then expects his harvest at the end of the season, have 
declined substantially. This has been shown in Asia for rice and potato sectors 
(Reardon et al. 2014) and Africa generally (Adjognon, Liverpool-Tasie, and 
Reardon 2017).
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Waves of Diffusion of Downstream and Midstream 
Transformation

OVERVIEW OF WAVES OF DIFFUSION 

Despite heterogeneous conditions, there is some regularity in waves of diffu-
sion, over countries and within countries, over income classes, and over prod-
ucts. The first wave was in countries that started their post–World War II 
growth spurt, urbanized, and started industrializing earlier—in particular, 
South American countries, East Asia outside of China, and South Africa. The 
start of processing transformation occurred with FDI liberalization and the 
start of privatization in the mid-1980s to early 1990s. Retail transformation 
took off from the early 1990s.

The second wave was in countries that had their growth and urbaniza-
tion spurts later and/or had prolonged internal sociopolitical pressure to limit 
FDI. In Central America, Mexico, and Southeast Asia, processing transfor-
mation took off in the 1980s, but retail transformation did not start until the 
mid to late 1990s. The third wave was in countries, such as in China, India, 
and Viet Nam, that had their growth and urbanization spurts mainly in the 
1990s and 2000s and/or had lagged liberalization into the 1990s. Processing 
transformation occurred somewhat before retail, with the latter mainly in the 
late 1990s and the 2000s. There was also a late part of the third wave, or a 
fourth wave, an incipience of processing and retail transformation in East and 
Southern Africa.

THE DOWNSTREAM SEGMENT TRANSFORMATION: RETAIL 

The retail segment has changed as the result of direct government action as 
well as by the relinquishing of government involvement and the rapid dif-
fusion of private-sector supermarkets. The modern retailers themselves had 
several phases of change in their conduct—in particular the shift from tradi-
tional to modern procurement systems. There were several changes, as follows. 

First, governments themselves induced directly a first stage of retail trans-
formation from traditional, fragmented retail to state-run chain stores—
prior to liberalization and privatization in the 1990s and 2000s, when most 
of the state chains were dismantled. Examples are the Fair Price Shops in 
India. Second, after the liberalization of retail FDI and privatization of state 
retail, there was a huge surge in the 1990s and 2000s in private investment 
in supermarket chains in developing countries (Reardon et al. 2003). The 
waves of diffusion emerged in the spatial pattern discussed earlier. The share 
of modern retail in overall food differs over the wave of diffusion, with the 
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deepest penetration to date in the first-wave countries, where the share is 
near half by the late 1990s and 50 percent to 60 percent in the 2000s; in the 
second-wave countries, about 30 percent to 50 percent by the 2000s; and in 
the third-wave countries, some 10 percent to 30 percent. The fastest spread 
is in the third-wave countries in Asia, where the supermarket sector is grow-
ing at three to five times the rate of GDP per capita growth (Reardon et 
al. 2012).

Third, inside a country, diffusion has rolled out from large cities to small 
cities and finally into rural towns in adapted formats, from upper to middle to 
poorer classes, as well as from processed foods to semiprocessed foods to fresh 
produce. These paths are essentially the same as occurred in the United States 
and western Europe. Fourth, to become cost-competitive with traditional 
retail, supermarket chains have increasingly modernized their procurement 
systems. They have started to buy direct from processors including under con-
tracts; (in some cases) specify private standards; use centralized procurement 
and logistics via distribution centers; and use specialized-dedicated wholesal-
ers who distribute to their stores and also organize procurement from suppli-
ers according to volume and quality and timing specifications (Reardon and 
Berdegué 2002). This has gone by far the furthest in processed foods but has 
started to be applied to fresh produce as well (see, for example, Berdegué et al. 
2005 for Central America).

THE MIDSTREAM SEGMENT TRANSFORMATION: PROCESSING 

Similar and in parallel to the retail sector, the processing sector has trans-
formed in structure and conduct. The processed food sector has grown 
quickly over the past several decades. Packaged food sales are growing at only 
2 percent to 3 percent annually in developed countries, versus 13 percent, 
28 percent, and 7 percent in low, lower-middle, and upper-middle income 
developing countries (Wilkinson and Rocha 2009). As in retail and whole-
sale, the first stage of transformation of food processing was driven mainly 
by governments setting up parastatals, especially in grains (and in export 
crops like rubber). However, the actual effect on food systems was limited, as 
the parastatal processors were mainly confined to grain sold to urban mar-
kets while there were large “parallel markets” (not via parastatals). In addi-
tion, there was rapid privatization in the late 1980s or 1990s. Only a few 
countries still have substantial government food processing operations into 
the 2000s. 

Privatization and liberalization combined with urbanization, and income 
increase led to two phenomena that we referred to as the J-curve. On the one 

Food Value Chain transFormation in deVeloping regions  413



hand, especially in the 1990s through the present, there was a proliferation of 
small and medium-sized enterprises (SMEs) in the processing of grain, dairy, 
meat, fish, and produce both to fill the gap left by the demise of public- sector 
operations and to meet growing urban demand. This is the transitional stage 
of FVC transformation. Examples include teff in Ethiopia (discussed below); 
dairy, wheat, and horticultural product processing SMEs in Brazil (Farina 
1997; Farina et al. 2005); and maize, vegetable, and fruit processing in Africa 
(Broutin and Bricas 2006; Jaffee and Morton 1995; Rubey 1995; Tschirley et 
al. 2015).

On the other hand, privatization and FDI liberalization led to an ava-
lanche of FDI from western Europe and the United States, then from Japan. 
The consequence was that foreign firms formed a major share of the pro-
cessing sector in a number of first- and second-wave countries by the end of 
the 1990s, and the trend has started in third- and even fourth-wave coun-
tries in the 2000s. Regional multinationals like CP (Thailand) and Bimbo 
(Mexico) are also buying domestic processors in their regions in the 2000s 
(Wilkinson and Rocha 2009). This is starting in Africa, such as the 2015 pur-
chase of Blue Ribbon (a large maize mill in Zimbabwe) by Bakhresa (a large 
wheat and maize mill in Tanzania) or the acquisitions by Olam International 
(a large agribusiness group started in Nigeria) of several mills in West Africa. 
Large regional multinationals have acquired large US and European proces-
sors; an example is the 2014 acquisition by Shuanghui (China) of Smithfield 
Foods (United States), which had been the largest pork processor in the world 
(Zhang, Rao, and Wang 2019). 

This latter part of the J-curve is the modernization stage where consolida-
tion is occurring. For example, by the early 2000s, Nestlé had a 61 percent mar-
ket share in Latin America for packaged foods (confections, soups, pet food, 
baby food, dairy, and baked goods). This has been driven by large processing 
firms’ having advantages in processing compared to small and medium-sized 
enterprises. Larger processors often have economies of scale; economies of 
scope; bargaining power, monitoring capacity, and “resource provision con-
tract” capacity; access to cheaper credit; as well as more efficient marketing sys-
tems, such as via the use of distribution centers and logistics fleets. This has 
created a symbiosis between large-scale processors and supermarket chains.

In the modern stage, SMEs have found it hard, especially in the medium 
term, to compete with large processors. Examples are large tortilla firms dis-
placing traditional women’s tortilla firms in Mexico (Rello and Saavedra 
2007). The emerging penetration of rural towns by modern retail, selling 
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branded processed foods at a discount, may accelerate this competition 
(Reardon, Henson, and Berdegué 2007). With health crises, consumers have 
also moved away from small processors and wet markets as a result of food 
safety concerns (for Thailand, see Posri and Chadbunchachai 2006).

THE MIDSTREAM SEGMENT TRANSFORMATION:  

WHOLESALE AND LOGISTICS 

While governments played a major role in the development and transfor-
mation of wholesale markets, the overall segment of wholesale and logistics 
underwent changes similar to that of processing, with an expansion, frag-
mentation following liberalization and privatization, and then concentra-
tion. We note these changes as follows. Governments induced directly a first 
stage of wholesale transformation from traditional, fragmented wholesale to 
government-run wholesale markets (of private wholesalers). This shift cre-
ated economies of agglomeration and sometimes economies of scale relative to 
the traditional fragmented wholesale sector, such as in Africa (Tollens 1997). 
The large markets created by this investment are huge, such as that in Mexico 
City, the world’s largest wholesale market. China’s wholesale market volume 
increased 11,000 percent from 1990 to 2000 (Ahmadi-Esfahani and Locke 
1998; Huang et al. 2007).

The “traditional” wholesale sector appears to be restructuring in sev-
eral ways. First, the public-sector wholesale market segment is consolidating 
in some countries, over wholesale markets, such as South Africa (Louw et 
al. 2007), and over wholesalers within wholesale markets, such as in Mexico 
(Echánove and Reardon 2006) and Peru (Escobal and Agreda 1997). There 
is also in some countries evidence of a decline in the share of rural brokers 
upstream in the FVC, with the exit of village traders in Bangladesh, India, 
and China in rice and potato (Reardon et al. 2012). But in the segment from 
rural towns to cities, it appears that SMEs in wholesale and logistics are pro-
liferating. Reardon et al. (2012) call this proliferation a “quiet revolution in 
food supply chains” that is being observed in Asia and increasingly in Africa 
(Reardon, Tschirley et al. 2015; Minten, Tamru et al. 2016).

Beyond the traditional wholesale sector, a modern wholesale sector is 
emerging, with the emergence of the specialized/dedicated modern wholesal-
ers noted earlier, as well as large-scale foreign and domestic logistics firms. In 
some cases large processors and retailers are buying direct from suppliers, most 
commonly with respect to procurement from processors (such as Carrefour 
buying from Nestlé).
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Local Confluences of Transformation of Food 
Value Chains: Two Examples

Cold Storages in Agra, India

The technology shift in the midstream can be rapid and dramatic, in par-
ticular when it is linked to increasing urban demand, improving infrastruc-
ture, and a policy of encouragement and support. The case of the rapid rise of 
potato cold storages in South Asia illustrates this—for example, in Bangladesh 
(Reardon et al. 2012), in Bihar (Minten, Reardon et al. 2014), and in western 
Uttar Pradesh near Delhi (Das Gupta et al. 2010). We focus on the last. 

A survey of cold storages in Agra found a combination of the following fac-
tors to have caused the diffusion of cold storages: (1) the rapid development of 
vegetable demand in Delhi; (2) the improvement of the road link from Agra 
to Delhi; (3) the introduction of a disease-resistant and long-shelf-life potato 
variety; (4) the introduction of an electricity grid; (5) the partial subsidizing 
of irrigation pumps and cold storage equipment; and (6) the economy’s gen-
erating investable funds among the intermediate city business sector. These 
changes drove rapid diffusion of modern cold storages and, in turn, a reduc-
tion in the seasonality and cost of potatoes in Delhi as well as shifts in the 
intermediation patterns in the rural areas. 

In the early 1990s relatively few farmers grew potatoes in Agra and there 
were almost no modern cold storages. By the late 1990s, however, cold storages 
had risen to store 40 percent of the vastly larger potato output, and by 2009, 
80 percent. Traditional on-farm storage went from ubiquitous to just 1 percent 
of the potato harvest. Delhi went from sharply seasonal potato consumption 
(from fresh harvest) to multiseason availability and 65 percent of consumption 
from cold-storage potatoes, mainly from Agra. Rural brokers were sidelined by 
the cold storages themselves becoming the main locus of intermediation, with 
urban wholesalers coming (despite formal regulations barring this) to buy 
potatoes from farmers at the storages.

Teff Supply Chain to Addis Ababa, Ethiopia

Teff is the leading cereal in Ethiopia. The marketed surplus of teff to domes-
tic markets in 2013/2014 was $750 million, higher than that of coffee 
($560 million), the most important Ethiopian export product. An explosion 
of growth in the teff value chain to Addis Ababa has occurred over the past 
decade, based on field surveys of farmers, rural and urban wholesalers, and 
truckers midstream, as well as field surveys of cereal retail shops, mills, and 
co-op retailers downstream (Minten, Tamru et al. 2016). 
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Addis has experienced a proliferation of SME mills-cum-retailers and rapid 
transformation all along the supply chain. The recent development of the teff 
value chain was found to be driven overall by the following: (1) significant 
growth in Addis and increase in incomes (with a doubling of income and a 
doubling of teff expenditure since the beginning of the 2000s); (2) increased 
opportunity cost of women’s time (saving time cleaning and milling teff and 
making enjera [teff pancake]); (3) the diffusion of cell phones; (4) improve-
ments in roads and reduction of transport costs; and (5) the provision of teff 
government extension services. 

The development of the teff value chain was in turn correlated with the 
following: (1) increasing adoption of modern inputs (chemical fertilizers, 
improved varieties of seed, and herbicides) by farmers, especially by those liv-
ing close to urban centers; (2) rising quality demands and important shifts 
from the cheap red varieties to the more expensive white teff varieties, with 
concomitant increases in productivity due to the uptake of improved variet-
ies; (3) increasing consumer willingness to pay for convenience in urban areas, 
with the rapid emergence of one-stop retail shops that provide sales, cleaning, 
milling, and transport services as well as a sizable food service industry; and 
(4) declining share of the margins of rural-urban marketing, urban distribu-
tion, and milling in the final retail prices of teff, indicating improved market-
ing efficiency over time. 

Traditionally, and still in rural areas and small cities and towns outside of 
Addis, consumers buy teff as a grain, clean it at home, have it custom-milled, 
and then prepare enjera at home. These practices have changed in Addis since 
the beginning of the 2000s, with a decline in custom milling and in cleaning 
grain at home. Instead, consumers are buying teff flour or enjera, driving a 
sharp increase (nearly 50 percent) of teff mills, enjera-making enterprises, and 
retail outlets in the neighborhoods. 

Moreover, the wholesale marketing of teff has surged. This segment is sel-
dom studied, as attention is usually paid only to the farm segment. Minten, 
Tamiru, and Stifel (2014) show that cereal wholesale market activity—including 
teff and other cereals, such as maize and sorghum—has recently been developing 
quickly. Focus group participants in a wholesale market survey in Ethiopia were 
asked about levels and trends concerning the numbers of traders and brokers 
in the markets as well as cereal trucks arriving in these markets. The reported 
numbers confirm that the marketed surplus of teff had increased rapidly over 
the past decade, and significantly more trade was reported on average in these 
markets over time. The reported number of trucks increased over the decade by 
almost 70 percent and 80 percent in the peak and lean periods, respectively. 
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These teff value chain growth rates are faster than the urban population 
growth rates in Ethiopia, indicating higher consumption levels in the cit-
ies over time, more trade between rural areas that might pass through these 
urban wholesale markets, and shifts from other means of transportation to 
trucks. There was a rapid shift from transport of teff by foot (head loads) to 
animal transport (donkey/horses, carts), to motorized transport, and then 
from small trucks of 4 to 5 tons to truck-trailers of 20 tons—a rapid transport 
change in a decade.

The Waves of the Research Literature on FVCs 
The literature on value chains has developed in three waves since 1950, largely 
reflecting the real-world development of FVCs and the stages of the product 
cycle discussed earlier in this chapter. 

First-Wave Literature: Food Supply Chains in the 
Commoditization Phase and Transitional Stage

TRENDS LEADING TO THE EMERGENCE OF THE FIRST WAVE 

Developing regions in the 1980s through the 2010s were undergoing the 
following rapid changes: (1) urbanization; (2) shifting diets from grain- 
dominated to diversified diets with substantial consumption of nongrains 
(meat, fish, dairy, horticulture products, edible oils); (3) lengthening supply 
chains; (4) shifting from local niche to commodity products (and in some 
cases beyond that in the product cycle, into differentiated products add-
ing variety and quality); and (5) shifting from home-grown and purchased- 
unprocessed products to relying on purchased food, including a substantial 
amount of processed products (as women took jobs outside the home). 

Yet these very same trends and processes occurred in the United 
States (and western Europe) from the 1920s through the 1980s (Barkema, 
Drabenstott, and Welch 1991). The United States went from a traditional 
food system—with a low share of urbanization, grain-focused diets, bare 
emergence of purchased-processed food—in the 1920s to a food system that 
fits closely our description of a “transitional” food system by the 1950s (with 
the main part of the shift to modern food systems after 1950 through the 
1980s). The urban share of the population was dominant by the 1950s, as diets 
had diversified into processed foods and meat as well as some commodity veg-
etables. Supply chains were increasing in length, becoming national instead 
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of local. Large processors and supermarket chains had made their appearance, 
albeit still with a minority share of the food system. 

The genesis of the first strand of FVC literature reflected researchers wres-
tling with economic and societal issues emerging with what seemed then as a 
rapid shift to the transitional stage of FVCs and the commoditization phase 
of the product cycle by the 1950s and the 1960s. But this first wave of litera-
ture continued and expanded with application in developing regions starting 
mainly in the 1980s and beyond, as those regions entered a similar stage.

First-Wave Literature: Meso Analysis of Supply Chains  
in the Commoditization Phase 

The first wave of food value chain literature (which we call the “food sup-
ply chain strand”) emerged in the 1950s and 1960s along with the transfor-
mation of the FVC in the United States and Europe from the traditional to 
the transitional stage and the emergence of the modern stage. The founder of 
this strand can be said to be Ray Goldberg of Harvard Business School, who 
coined the term “agribusiness systems” for food chains from seed to farm to 
consumer. Goldberg studied the formation of marketing margins and the use 
of coordination mechanisms such as contracts and vertical integration along 
the chain (Davis and Goldberg 1957; Goldberg 1965). Many agricultural 
economics studies ensued from this approach. Terms used by this strand of 
studies, with some modest differences of emphasis and method among them, 
include agribusiness commodity systems; food or commodity chains; filières; 
food supply chains; subsectors; and netchains. See, for example, Holtzman 
(1986); Lazzarini, Chaddad, and Cook (2001); Loader (1997); Raikes, Friis-
Jensen, and Ponte (2000); and, for Africa, Jaffee et al. (2003). 

The essence of nearly all the applied studies of this first strand were laid 
out in the ideas in the work of Goldberg in the 1950s and 1960s, which we 
summarize here. Goldberg took the basic “vertical chain” idea from earlier 
literature (such as the input-output literature of the 1930s), married it with 
the industrial organization literature’s “structure-conduct-performance par-
adigm” discussed earlier, and applied the resulting framework to the rapidly 
emerging and commoditizing FVCs of that era. Goldberg and others in this 
first wave incorporated concepts from the growing work in economics (for 
example, Williamson 1979, 1981) on what were later termed by the NIE (new 
institutional economics) school as “institutional arrangements”—use of qual-
ity and safety standards, use of contracts (such as contract farming, discussed 
in Chapter 11), use of spot markets versus use of vertical coordination and 
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integration, and other “chain coordination” arrangements. As supply chains 
developed, these institutional arrangements to coordinate them arose, and 
that reality penetrated the research literature. While Gereffi (1999) and oth-
ers formalized the ideas in later work (in the value chain strand), Goldberg 
and others had researched the roles of different segments and lead companies 
in setting and enforcing coordination arrangements, and studied the role of 
regulations and policies. 

The first wave focused on the burning issues of debate of the day, in the 
1960s through the 1980s in the United States and in the 1980s on in devel-
oping regions. Questions naturally arise when supply chains shift from tradi-
tional to transitional system, in particular: 

1. What are the paths and determinants of the proliferation of long FVCs 
operated by SMEs (in the transitional phase) and emerging large enter-
prises (in the initial steps of the modern phase)? 

2. What are the constraints or bottlenecks faced in the development of 
commodity FVCs? A key part of this work was to measure marketing 
costs between segments—later termed “transaction costs” and built 
on by the NIE school (arising in the 1970s and 1980s, discussed more 
below). 

3. Where are there “excessive” margins indicating noncompetitive behavior 
such as collusion in price-setting? 

4. What is the path and the impact on FVCs of the emerging coordination 
mechanisms, the new private “institutions”?

Work on these issues brought to bear analysis of structure, conduct, and 
performance; the impacts of urbanization, developing road infrastructure, 
and changing diets; and the impacts of domestic and international policies 
and regulations (on competition, on taxes and subsidies, on marketing orders). 
At the risk of oversimplifying and ignoring exceptions, the analysis in this 
wave tended (and tends) to be at the “meso” level, using aggregated data at 
the segment and zone level, such as the PAM (Policy Analysis Matrix) work 
(Monke and Pearson 1989), and other supply chain “mapping” analysis. This 
can be compared with work in the second strand that tended to make more 
use of business management case studies. 

Several recent strands of literature in the first wave have emerged in devel-
oping regions. Some descriptive studies have focused on the characteristics 
of the transitional stage of FVCs in developing countries, emphasizing the 
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proliferation of a multiplicity of types of SMEs in the midstream of supply 
chains as supply chains grew longer. They point to the emergence of large 
wholesalers based in secondary cities, of third-party logistics enterprises link-
ing urban markets to rural traders and farmers, and to clusters of SME pro-
cessors. These studies emphasize that there is dynamism in transitional 
supply chains that is not associated either with large firms or formal contracts 
or global markets, but rather small firms, informal relations, and domestic 
urban markets. Examples include Minten, Tamru et al. (2016) for Ethiopia, 
Verhofstadt and Maertens (2013) for Rwanda, and Reardon et al. (2012) for 
Bangladesh, China, and India.

Other analytical studies examine the competitiveness of FVCs as agri-
food markets and the determinants of trader margins and efficiency. Dillon 
and Dambro (2017) reviewed African studies on trader competitiveness and 
found that the segment of traders has efficient levels of competitive arbitrage, 
as entry and exit rates are high, there is co-movement of prices among mar-
kets, and trader margins are highly variable. A small number of studies used 
trader survey data. For example, Minten and Kyle (1999), for the Democratic 
Republic of the Congo, examined the determinants of trader margins as a 
function of transportation costs. They found that these costs, conditioned 
by road quality, explained food prices between farming regions, and that 
trader profit rates are higher on poorer roads. Fafchamps, Gabre-Madhin, and 
Minten (2005) found for Benin, Madagascar, and Malawi, in analyzing mar-
gins, costs, and value-added, that there are no significant increasing returns 
to scale among traders. From this they note the implication that policies to 
restrict entry into agricultural trade are not needed or useful, and govern-
ments should focus on technological and institutional innovations to upgrade 
markets. By contrast, for shrimp traders in Indonesia, Yi and Reardon (2015) 
find that larger traders have a cost advantage over small traders and are more 
efficient in allocating factors. They suggest that this is a possible explana-
tion for the observed concentration occurring over time in the shrimp trader 
segment. 

Other analytical studies examine the participation of small farmers in 
FVCs in the transitional stage (that is, not sales to modern enterprises or con-
tract relations). An example is Bellemare and Barrett (2006), which analyzed 
the determinants, among which were transaction costs, of small pastoralists’ 
decisions among autarchy or net sale or net purchase of animals in livestock 
markets in Ethiopia and Kenya. Barrett (2008) and Holloway et al. (2004) 
analyzed farmer participation in traditional and transitional grain and milk 
FVCs, controlling for threshold levels of assets (and thus the possibility of 
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“poverty traps”) keeping farmers out of markets, and controlling for farmer 
characteristics, studying the impacts of various shocks to the market (like 
drought and policies such as devaluation).

Second-Wave Literature: Meso and business Strategy Analysis 
in the Product Differentiation Phase of the Product Cycle and 
Modern Stage of the FVC

TRENDS LEADING TO THE EMERGENCE OF THE SECOND WAVE 

Three trends in the 1980s through the 1990s in developed countries and 
mainly the 1990s and beyond in developing countries drove the emergence of 
this second wave. We briefly summarize these trends: 

1. Globalization of food trade and FDI, mainly in retail and processing 
and logistics from developed to developing regions occurred mainly 
from the 1980s through to the present. 

2. Diets changed rapidly in the developing regions mainly from the 
1980s through to the present, with diversification beyond foodgrains, 
increases in processed food consumption, and food purchases rising 
among rural households. There was a rise in demand for quality and 
safety of food. 

3. With urbanization and globalization, there was an increase in the 
length of FVCs, and the shift into trade and internal commerce in 
products beyond bulk commodity grains and into perishables, and a 
large variety of processed products drove the implementation by food 
industry firms of coordination “institutions” ranging from contracts 
to private standards of quality and safety (Swinnen et al. 2015). These 
institutions were more widespread and complex than those studied in 
the first strand during the commoditization phase. The innovations 
mainly established in developed countries then transferred to develop-
ing countries in the 1990s via FDI and other means, thus “fast tracking” 
transformation of FVCs in developing countries (Reardon, Henson, 
and Berdegué 2007; Reardon et al. 2019).

Another factor besides competition and developed-developing country 
transfer of investments and techniques drove the jump from commodity sup-
ply chains to differentiated and coordinated value chains. Intra-developed 
country rivalry and transfer of techniques also spurred the process. A well-
known example is the drive in Japan for quality differentiation and quality 
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assurance (to shed the image and standing of a commodity manufacturer) in 
the 1960s. They pioneered techniques like total quality management. These 
were taken up by US manufacturers in the 1970s and the 1980s (Lillrank 
1995) and studied by Michael Porter at Harvard Business School. Porter 
championed “competitive advantage” and the use of quality differentiation 
and assurance to move beyond the low margin and highly contested commod-
ity markets. Porter was the founder of the second strand of FVC literature, 
discussed next. 

Second-Wave Literature: Meso and Firm Analysis of Value 
Chains in the Differentiated Product and Modernization Stages 

The second strand of FVC literature, often termed “food value chain gover-
nance” literature, emerged in the 1980s and 1990s along with globalization, 
with the transformation of the FVC in the United States and Europe from 
the transitional to the modern stage and with the shift along the product cycle 
from the commodity to the differentiated product stage. The latter was asso-
ciated in the literature with “adding value” beyond commodity traits (mainly 
cost), and thus the “value” in value chain was introduced. 

An important point is that while both the first and second waves can be 
said to have been started by two Harvard Business School professors, both in 
business management, the first wave tended to focus more on the structure 
and conduct of the whole supply chain, and on cost and efficiency, while the 
second strand, started by Porter (1985) has tended to focus on business man-
agement of quality differentiation and assurance, and by extension strate-
gies of supply chain design by “lead” or “innovator” firms in the supply chain. 
These emphases were driven by the trends noted earlier in quality differentia-
tion and food industry consolidation and competition. This wave of literature 
started to become important in developing regions starting in the 1990s and 
2000s with the rise of large processors, supermarkets, and private standards 
and in general with the start of modernization in FVCs.

The second wave has two main strands. A first strand focuses on the insti-
tutions of “governance” present in FVCs. Kaplinsky and Morris (2000) inven-
tory the following types of governance: (1) legislative governance (setting the 
rules such as standards for cost, quality, and volume); (2) judicial governance 
(monitoring compliance with requirements); and (3) executive governance 
(either sanctioning suppliers that do not meet the standards, or assisting sup-
pliers, such as small farmers, to be able to meet the requirements). An example 
is “resource providing contracts” that provide credit and technical assistance 
to small farmers (Austin [1981]and Kuijpers and Swinnen [2016] in general, 
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and, for cases in Slovakia and Poland, Gow and Swinnen [1998] and Dries 
and Swinnen [2004]).

Part of this first strand is analysis of private standards. That theme had 
been present in earlier work (such as Goldberg’s [1968] work on industry 
standards for orange juice in the United States). But the global food industry 
greatly increased its use of private standards in the 1970s and 1980s in devel-
oped as well as developing countries for the portion of the food economy in 
interface with the world market as well as large food processors and super-
market chains focused on the domestic market (Reardon et al. 1999; Fulponi 
2006; Swinnen 2007). 

A second strand of this second wave analyzes the strategies of design 
choices made by businesses to gain and protect and build competitive advan-
tage. Porter (1985) focused on this issue using case studies of firms choosing 
what and how to design and market a quality-differentiated product. The 
main choices concerned product traits, marketing strategies, and coordina-
tion mechanisms. Addressing a similar issue to that of Porter’s work is that 
of Zilberman, Lu, and Reardon (2019), using economic models to examine 
the strategic choices of “innovator” businesses in terms of the design of value 
chains that will allow the innovator to create or capture a market for the 
innovation (product, technology, or application) and protect a competitive 
advantage. The work is integrative in comparison to earlier economic analy-
ses that focused on specific aspects of value chain relations, such as transac-
tion cost theory (Hobbs 1997) or contract theory (Goodhue 2011; Bolton and 
Dewatripont 2005). 

Zilberman, Lu, and Reardon (2019) note that an innovator-cum- 
entrepreneur makes an integrated set of choices to implement the innovation 
in a supply chain. These include the following: 

1. How much to produce of the product, given capital constraints. 

2. Looking upstream, whether and how much a firm should grow its own 
intermediate input or buy it from farmers or other suppliers; looking 
downstream, whether and how much a firm should produce its own 
marketing services for processed output. 

3. If the innovating processor decides to buy intermediate inputs (such as 
paddy for a rice mill) from farmers (or buy marketing services from dis-
tribution firms), whether to contract with the farmers (or distribution 
firms) or buy the intermediate input (or services) from them in a spot 
arrangement. 
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4. If the innovator, such as a processor, decides to grow its own intermedi-
ate input or marketing services, what technology to use. 

5. If the innovator decides to contract, what design (terms) the contract 
should have. 

6. The degree of monopsony and monopoly, as well as government regula-
tion, change or condition the answers to the first five choices.

In the 1990s, as global FVCs formed and domestic and international 
chains stretched long and included actors of unequal economic power (such as 
vegetable farmers in Kenya selling to UK supermarkets), there arose a strand 
of literature focusing on the distribution of “rents” over segments of inter-
national chains. This was extended to domestic supply chains in developing 
countries in the 2000s. Here, a “rent” is a payment to an owned factor beyond 
the payment that would accrue under perfect competition (where the factor 
price is equated with the marginal value product from a unit of that factor). 
Although this arose as a “new” literature, it was in essence similar to the supply 
chain analyses of the 1960s in the United States that tested whether a given 
segment had monopoly or monopsony power arising from noncompetitive 
practices, looking for super-profits along the chain. 

Such rents can be of different kinds, according to Kaplinsky and Morris 
(2000), including the following: (1) economic rents from differential produc-
tivity of factors plus barriers to entry (attained by exercise of market power); 
(2) technology rents, where the firm has command over scarce or innova-
tive technologies; (3) human resource (skills) rents; (4) organizational rents 
(derived from internal organization of the firm, such as ability to combine 
economies of scale in procurement with close contact with clients in many 
markets, through chain store location, or from external organization, such 
as a farmers’ cooperative or a buyers’ club); (5) marketing rents (derived from 
marketing skills and organization but also from brands); (6) relational rents 
(derived from preferential relations with suppliers, such as in contract farm-
ing schemes or various “lock-in” arrangements, or with clients which in turn 
might be due to brands required by the buyer, such as a retailer, or payment 
of slotting fees [for example, for packaged rice or potato chips] or both); (7) 
resource (and we would add, infrastructural/locational) rents; (8) policy rents; 
and (9) financial rents (derived from better access to finance, which in turn 
might be derived from being in the formal sector, being near infrastructure, 
and other factors linked to other rents). 
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Rents can be correlated with “power” of the chain actor to ensure conse-
quences along the chain (such as meeting of standards by suppliers) and to 
actively coordinate links (such as imposing standards via contracts and enforc-
ing contracts with sanctions). This power typically emerges from an ability 
to set up barriers to competition (through some unique advantage that also 
generates rents) and derives from segment concentration. That power is some-
times vested in a “lead firm” or set of firms who set the rules (but are not nec-
essarily the ones to implement and monitor the application of the rules by 
suppliers) (Swinnen et al. 2015). The lead firm may also issue contracts to 
resolve uncertainty of suppliers that impedes the needed investments to meet 
private standards and adopt requisite technologies, such as in the pork indus-
try in the United States (Maples, Lusk, and Peel 2019). 

Gereffi (1999) distinguished FVCs by the position in the chain of the 
lead firm (with “lead” conflated with “power” in the chain): (1) “buyer-driven 
FVCs” (such as the UK supermarket–driven chain sourcing from Kenya, 
described in Dolan and Humphrey [2000]); or (2) “supplier driven FVCs” 
where, say, a producers’ organization sets the rules. The rise of the power of 
food industry firms due to concentration and their advantages drawn from 
branding and marketing have meant that buyer-driven FVCs have proliferated 
and supplier-driven FVCs have declined over the past several decades. 

There is an emerging literature that combines lead-firm strategies and anal-
ysis of distributional impacts of these strategies. An example is the impacts 
of quality and sustainability certification in the coffee value chain. Minten 
et al. (2018) examine the distribution over segments in the coffee value chain 
in Ethiopia of the quality premium of certified coffee. To study the whole 
value chain, they combined datasets of small farmers, larger commercial coffee 
farms, cooperatives and traders, and coffee export transactions. They analyzed 
the impacts of certification of voluntary sustainability standards (VSS), in par-
ticular Fair Trade and Organic certifications, which are rapidly increasing in 
global value chains. They found that the transmission of export quality premi-
ums to coffee producers is limited, with only less than a third of the premium 
passed on to farmers and totaling very little relative to farmers’ overall incomes. 
Similar results of constraints to the benefits of certification were found in the 
coffee sector in Guatemala by de Janvry, McIntosh, and Sadoulet (2015). 

Third-Wave Literature: The Microeconomics of Participation in 
and Effects of Modernizing and Product-Differentiating FVCs

This wave is a direct extension from meso to micro of the second wave and 
thus is motivated by the same trends. The transformation of FVCs from 
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traditional to transitional to modern, and along the product cycle, presents 
opportunities for suppliers in the various segments of the chain. But they also 
present challenges. These impacts are studied in several strands of literature, 
emerging in the 1980s and 1990s but really taking off in the 2000s and espe-
cially the 2010s, along with the perception (we surmise born largely from the 
second wave of literature) of the importance and progress of the transforma-
tions as well as the confluence of sufficient survey data and econometric and 
RCT (randomized controlled trial) methods and computational power over 
the past several decades. 

A first strand has used econometrics and farm survey data to study the 
determinants and impacts of participation in transformed FVCs. The cost 
and quality requirements implied by private standards as implemented in 
contracts and other enforcement mechanisms translate into a set of needed 
investments or “upgrading” measures by suppliers. This strand identifies the 
upgrading investments and empirically determines what kinds of suppliers can 
make the grade to participate or be included in the transforming FVC. This is 
akin to the earlier literature on “threshold investments” for technology adop-
tion, such as during the Green Revolution (Feder, Just, and Zilberman 1985). 

In this first strand, there has been a substantial literature on participa-
tion in and impacts of contract farming for some 30 years. This literature 
(114 articles) was critically reviewed as to findings and methods in Bellemare 
and Bloem (2018). They note that the literature does not conclusively answer 
whether contract farming improves farmer welfare because few articles are 
internally and externally valid. That is, the great majority are not rigorously 
causal, or apply to only a few crops, a particular area, or a single year. They rec-
ommend that future research go beyond just asking whether contracts make 
farmers better off, and explore the mechanisms by which contracts affect 
farmers, in particular whether and how they resolve market failures. Moreover, 
they note the importance of exploring further costs and not just the bene-
fits of contract farming. They find there is too little research on the spillover 
effects of contract farming and recommend more work on spillovers. They 
note that internal validity, linked to the selection problem, is an import-
ant problem in many studies, and that researchers need either to undertake 
differences- in-differences design or conduct an RCT. 

In addition, the contract farming literature has tended to find mixed 
results concerning whether smaller farmers are less likely to participate in 
transformed value chains compared with medium or larger farmers. The fac-
tor impeding participation at times is the transaction costs implied by farm-
ers being in “hinterland” zones and difficult for buyers to access (Barrett et 
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al. 2012). The constraint can also be nonland assets such as irrigation or edu-
cation (Reardon et al. 2009). An extension of this is to test hypotheses con-
cerning small farmers’ entry into particular market channels, such as modern 
versus traditional FVCs (see, for example, Hernandez et al. 2007 for the case 
of traditional versus supermarket channels for tomatoes). A common hypoth-
esis is that contract farming participation and/or sales to a large processor or 
supermarket is determined by farm size (such as in Indonesia by Simmons, 
Winters, and Patrick [2005] for seed rice and chicken) and by transaction 
costs faced by the farmer (such as in Peru by Escobal and Cavero [2012] for 
potatoes). 

Furthermore, although much of the econometric literature examines 
effects on farmer welfare or incomes, some authors have studied other impacts, 
such as Rao, Brümmer, and Qaim (2012) on production technology and effi-
ciency of vegetable farmers in Kenya of adoption of the supermarket channel. 
Finally, much of the econometric literature on contract farming and modern 
market channel participation (the first strand of the third wave) has framed 
the decision of the small farmer in terms of the price premium or average 
priced earned, usually relative to special costs incurred to “make the grade.” 
But Michelson, Reardon, and Perez (2012) examined both price averages and 
price variability comparing small farmers’ selling to the traditional market 
versus to Walmart in Nicaragua. They found that while Walmart’s producer 
price was lower on average, so was its variance, and farmers preferred to sell to 
Walmart because of the lower risk. 

A second, emerging strand is the use of field experiments such as random-
ized control trials to test for the effect of market channel and/or contract 
adoption by farmers. This literature is one way to address the internal validity 
problem noted by Bellemare and Bloem (2016). Two examples of this include 
the Casaburi and Macchiavello (2015) study of smallholder dairy markets in 
Kenya, and Saenger, Torero, and Qaim (2014) for such markets in Viet Nam. 
Other studies have attempted to overcome the challenge of endogeneity (selec-
tion bias) noted by Bellemare and Bloem (2018) using instrumental variable 
estimation. One example is Bellemare (2012), which uses contingent- valuation 
methods to control for unobserved heterogeneity among households in 
Madagascar. Indicators of willingness to pay (WTP) for contract farming are 
used as a vector of instrumental variables for participation in contract farming. 
Using that approach, Bellemare finds evidence of a positive farm income effect 
from participation in contract farming. This method allows for the control of 
factors omitted by other studies, such as subjective perceptions about contract 
farming and entrepreneurial ability.
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A third, emerging strand is the study of the effects of modern channels 
such as supermarkets on the prices paid by consumers (compared with prices 
in traditional markets). An example is Atkin, Faber, and Gonzalez-Navarro 
(2018). They studied the impact on consumer welfare of the penetration of 
foreign supermarkets in Mexico. They find that penetration lowers prices (and 
thus overall cost of living) in particular for lower-income consumers, as well 
as benefits from new product variety, new store variety, and store amenities, 
beyond just price alone.

Conclusions and Assessment of Gaps  
in the Literature 
This chapter laid out a heuristic conceptual framework to examine the struc-
ture, conduct, and performance of agrifood value chains from the perspective 
of stages of value chain transformation and commoditization and differentia-
tion of products in the product cycle. We discussed evidence of trends in these 
transformations both in developed countries such as the United States and in 
western Europe as well as in the developing regions of Africa, Asia, and Latin 
America. We showed rapid transformation of value chains and a march along 
the product cycle. At each stage there were occasioned various “real world 
issues” such as those of competition and inclusion or exclusion of small farm-
ers and cost of living for consumers. We showed that the literature on value 
chains developed in three waves that essentially tracked the actual transfor-
mation of the value chains and continuously oriented toward addressing the 
issues emerging at each stage. 

We showed that the waves of literature have been particularly rich in and 
adapted to studying the meso-level changes in value chains, such as their 
length and structure, in both the commoditization and product differentia-
tion phases, in the transitional and modernization stages. More recently, and 
fed by concerns about the welfare and inclusion impacts of the transforma-
tions, and armed with better survey data and computational and elicitation 
techniques than had characterized the literature before, say, the 1990s, the lit-
erature turned to the microeconomic determinants and consequences of the 
transformation. We discussed the econometric achievements of the literature 
concerning farmer participation determinants and effects as well as impacts 
on consumers. 

That discussion revealed that there has been a relative dearth of surveys of 
and analysis of the off-farm components of value chains such as traders, logis-
tics enterprises, and processors. It also revealed econometric challenges in 
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identifying impacts of the transformations, as well as the recommendations of 
recent literature to broaden the applications, for more external validity of the 
tests and use of experimental and econometric methods such as differences- in-
differences to improve the internal validity of the tests. The opportunities for 
and the need to greatly extend empirical work on the dynamics and impacts of 
value chain transformation stand as an urgent agenda for agricultural market 
development researchers in the decades to come.
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AGRICULTURAL DEVELOPMENT AND 
INTERNATIONAL TRADE

Kym Anderson and Will Martin

Traditionally societies and their governments have pursued agricultural devel-
opment to ensure adequate food is available and affordable and incomes of 
farm households keep pace with those of nonfarm households. Today the farm 
sector is also expected to care for the natural environment, ensure the food it 
supplies is safe and nutritious, contribute to energy security, help reduce pov-
erty and greenhouse gas emissions, and provide employment and investment 
opportunities for women as much as for men. Farm productivity growth can 
contribute to many of these goals and can be accelerated through more tar-
geted investments in applied agricultural research and in rural infrastructure, 
education, and health. However, each society does not have to achieve these 
and their other goals in isolation and indeed will be less able to as climate 
changes add to the volatility of domestic production. Fortunately, each coun-
try’s evolving consumption preferences and the wherewithal to satisfy them 
can be enhanced through trading more openly with other societies. This chap-
ter shows how. It explains the contributions international trade openness can 
make—and has made—toward achieving these goals. In doing so, the chap-
ter clarifies the role agricultural trade can play, in contrast to trying to remain 
self-sufficient in food. We draw out the implications for agricultural develop-
ment prospects in various types of countries as the world economy grows.

Standard economic theory shows that opening to trade will generally raise 
real national income. The first demonstration of this, by David Ricardo in 
1817, assumes differences in technology between countries and shows that 
gains from exploiting comparative advantage do not depend on absolute pro-
ductivity levels but rather on countries’ relative productivity in producing 
different goods. This means that both a poor and a rich country can—at the 
same time—benefit from being open to trade. The classic example assumes 
that only labor is used for production and focuses on a poor country that uses 
more labor to produce each good but still benefits from trade. The poor coun-
try can compete despite using more labor hours in producing its export than 
the rich country because it has a lower wage rate than the rich country. The 
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rich country is similarly able to compete in its export commodity, despite hav-
ing higher wage rates, because it uses labor more efficiently in its export than 
its import commodity and benefits by being able to import from the poor 
country. 

Although 20th-century trade models accommodate factor endowments 
as well as productivity differences, they still conclude that both poor and rich 
countries can gain by trading with each other. A simple indicator of compara-
tive cost advantage in farm products is national agricultural land endowment 
per worker. Agricultural land per person in the United States in 2005 through 
2009 was slightly more than twice the world average, and Brazil’s farm land 
endowment per person was nearly as high. At the other extreme, Japan and 
Korea had farm land endowments one-tenth of the world average. Little won-
der that Brazil and the United States are large agricultural exporters, while 
Japan and Korea are large agricultural importers. These numbers alone are 
strongly suggestive of the high costs—to both importers and exporters—that 
would be associated with trying to be food self-sufficient. Yet some players in 
developing countries still advocate that policy goal. 

The chapter begins by outlining how international trade in farm and other 
products has contributed to human welfare over the millennia. It then out-
lines how agricultural production and trade can be expected to change as 
economies grow. The evolution of agricultural trade patterns has been influ-
enced nontrivially by policy choices of national governments, so they are sum-
marized before turning to the evolution of actual patterns of trade in farm 
products over the past generation. For a long time agricultural policies had a 
strong anti-trade bias, but many reforms since the late 1980s have been trade 
liberalizing. We explain why further trade reform is even more important for 
developing countries now than in the past, before we conclude by pointing 
out what more could be done with trade-related policy reforms, together with 
complementary domestic policies, to further enhance sustainable agricultural 
development while reducing global income inequality, poverty, food insecu-
rity, and hunger.

The Long History of Agricultural Trade, Briefly
Long-distance trade has contributed to agricultural development and global 
economic growth for millennia, but only in recent centuries via interconti-
nental trade in farmers’ outputs. Its predominant contribution in earlier peri-
ods was through trade in crop seeds or cuttings, breeding animals, and farm 
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production technologies. True, international trade in grain, olives, and wine 
flourished among Mediterranean countries and their neighbors during the 
days of the Roman Empire; and silk and spices were exported from China 
to Eurasia and the Mediterranean for many centuries along the Silk Road 
(Frankopan 2015). As well, the Hanseatic League facilitated maritime trade 
farther north into the Baltic states between the 13th and 16th centuries. 
Then, with Europeans settling in the Americas from the 16th century and 
opening sea lanes to Asia via South Africa, a few other high-valued unpro-
cessed agricultural products began being transported back to Europe. They 
included cocoa, coffee, cotton, rubber, spices, sugar, tea, and tobacco. Large-
scale plantation agriculture developed in Latin America and the Caribbean 
from the early 1500s, in North America from the early 1600s, and in South 
and Southeast Asia in the 19th century following European colonization. 
Once those countries became independent, smallholder agriculture replaced 
plantations in almost all cases, although there has been a recent resurgence 
in rubber, oil palm, cassava, and sugarcane plantations in newly opened 
economies at early stages of demographic and economic transition, such as 
Cambodia, Lao People’s Democratic Republic, and Myanmar (Byerlee 2014).

The complementarity between knowledge of local growing conditions on 
the one hand and new crops and animals and associated technical know-how 
on the other (including through the domestic and international transmission 
of new crop varieties) led to very substantial output growth. That in turn sup-
ported population growth. So even though this exchange of farm inputs may 
not have accelerated GDP per capita or caused commodity prices to equalize 
across countries prior to 1800, Jones (2002: chapter 4) argues that it certainly 
improved agricultural output and national food security in many countries. 
Perhaps the most notable beneficiary country is China, where four major 
crops from the Americas (maize, peanuts, sweet potato, and white potato) 
were being cultivated within a century of Columbus’s voyages. Being dry-
land crops, they did not stress the country’s irrigation capability but instead 
encouraged the conversion of forests to arable land. Jones (2002: 55) notes 
that this globalizing impact of technical know-how and seed transfer contrib-
uted to the world’s population increasing about 120 percent between 1500 
and 1800, compared with only 18 percent between 1200 and 1500.

Britain’s industrial revolution boosted intercontinental trade in farm 
products hugely thanks to the steam engine, which lowered the cost of trans-
porting bulky products by rail, river, and sea. That lowering of trade costs 
encouraged agricultural development in the colonies of European powers 
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especially, allowing one or two primary products to dominate the interna-
tional exports of New World countries in the 19th century (Figure 13.1). 
Most notable were cotton from the United States and wool from Australia, 
for Britain’s textile industry. But intranational trade in farm products also 
expanded greatly in all countries where transport infrastructure was devel-
oped, especially with railways as in India (Donaldson 2018).

Agricultural growth and trade were further helped by the development 
of refrigeration from the late 19th century and, in more recent decades, of 
air freight services that allowed fresh perishable products to be traded over 
long distances for the first time. That generated gains not only from greater 
national specialization in production of certain export crops but also through 
extending the seasonal availability of perishable foods for consumers. In 
recent decades it has even opened up the possibility for two consuming sea-
sons per year for fresh annual temperate perishables, given the lowered cost 
of maintaining food safety and quality while transporting food between the 
Northern and Southern Hemispheres. Since 1800, declining costs of interna-
tional commerce, and the increasing speed of ocean transport, led to the prices 
of farm and other products converging across countries, and hence to rela-
tive factor prices also converging. O’Rourke and Williamson (2002) as well 
as Findlay and O’Rourke (2007: 402–405) point to the huge declines in com-
modity price gaps between Europe and both America and Asia between about 
1840 and World War I.

In addition to its contribution to that long-run decline in food (and factor) 
price gaps across continents, trade between countries has been hugely impor-
tant in offsetting short-term seasonal shortfalls in food availability (both 
within and between years). As a consequence, famines are essentially a thing 
of the past, except where deliberately contrived by a country’s leaders for local 
political purposes (Sen 1981; Ravallion 1987). With lower transport costs and 
the ever-rising incomes of consumers that raise the demand for variety in all 
things including foods, coupled with the emergence of modern supermarkets 
to satisfy those demands, one might expect the range of products available in 
food markets to have grown exponentially over the past two centuries. That 
indeed has happened in terms of the number of processed food items available 
in large affluent cities. 

Despite that, just a dozen basic foods account today for 77 percent of the 
calorie intake and 72 percent of the protein consumed by the world’s popu-
lation, according to FAO Food Balance Sheets. They are three grains (wheat, 
rice, and maize), four meats (beef, mutton/lamb, pork, and poultry), two edi-
ble oils (soybean and palm oil), plus potatoes, milk, and sugar (FAO 2016). 
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Those dozen basic farm products could not have become so dominant in the 
world without international trade in agricultural inputs/technologies or their 
products, given the small number of regions of the world from which those 
key species originated. Certainly, fresh fruits and vegetables plus a plethora of 
processed foods supplement our diets and provide important micronutrients, 
but a small number of them dominate (bananas, apples, oranges, and other cit-
rus) and have become ubiquitous, thanks to international trade.

FIGURE 13.1 Share of top-two goods in settler economies’ exports, 1850–1913 (%)
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Drivers of Agricultural Production and Trade As 
Open Economies Grow
One of the best-known facts about growing economies is that their farm 
sector’s shares of GDP and employment tend to fall. The reasons for those 
declines in a closed economy are well-known: low and falling income elastici-
ties of demand for food (Engel 1857) plus rapid advances in farm production 
technologies mean that the domestic prices and quantities of farm relative to 
nonfarm products fall. It is less obvious that the farm sector of a small open 
economy—especially one with an abundance of farm land relative to other 
primary resources, labor, and capital—would have to face relative decline as its 
economy grows. The fact that it nonetheless almost always does has to do with 
the rising demand for nontradable goods and especially services as incomes 
rise. Being nontradable, enough of those products can be produced only by 
drawing mobile resources from sectors producing tradables. Thus agriculture’s 
shares of national GDP and employment tend to fall with the expansion even 
of open, land-abundant economies (Anderson and Ponnusamy 2019) at a rate 
that may also be influenced by relative rates of factor accumulation and differ-
ences in sectoral rates of technical change (Martin and Warr 1993). 

Agriculture’s share of national exports depends on the country’s compara-
tive advantage, however, and so need not fall as the world economy expands. 
Indeed, the tradability of each sector’s output increases as trade costs are low-
ered through investments in transport-related infrastructure. If a country’s 
trade costs fall faster than the rest of the world’s, and if its farm products gain 
more from that development than its nonfarm products, the country may 
strengthen its agricultural comparative advantage over time. According to the 
workhorse theory of comparative advantage developed in the 20th century, 
we should expect agricultural trade to occur between relatively lightly popu-
lated economies that are well-endowed with agricultural land and those that 
are densely populated with little agricultural land per worker. Leamer (1987) 
develops this model and relates it to paths of economic development. If the 
stock of natural resources is unchanged, rapid growth by one or more coun-
tries relative to others in their availability of produced capital (physical plus 
human skills and technological knowledge) per unit of available labor time 
would tend to cause those economies to strengthen their comparative advan-
tage in nonprimary products. By contrast, a discovery of minerals or energy 
raw materials would strengthen that country’s comparative advantage in min-
ing and weaken its comparative advantage in agricultural and other tradable 
products, ceteris paribus. It would also boost national income and hence the 
demand for nontradables, which would cause mobile resources to move into 
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the production of nontradable goods and services, further reducing farm 
and industrial production (Corden 1984). Conversely, a depletion or fall in 
the prices of minerals would strengthen the comparative advantage of agri-
culture and other sectors producing tradables and weaken the demand for 
nontradables. 

At early stages of economic development, a country with high trade costs 
typically is agrarian, with most people working on the land and the farm sec-
tor producing the majority of GDP when estimated to include home-produced 
food. If that country has a relatively small stock of agricultural land (and other 
natural) resources per worker, labor rewards would be low. As trade costs fall 
or governmental trade restrictions are removed, the country would develop a 
comparative cost advantage in unskilled labor-intensive, standard-technology 
manufactures. Then, as the stock of industrial and human capital per worker 
grows, there would be a gradual move toward exporting manufactures that are 
relatively intensive in their use of physical capital, skills, and knowledge. 

Natural resource–abundant economies, however, may attract migrants 
from more densely populated countries seeking to become farmers in a fron-
tier region, thereby raising the settler economy’s total if not per capita GDP. 
In such economies the agricultural sector’s share of GDP would fall slower 
than in economies that are growing equally rapidly but are less land-abundant. 
And if resource-rich economies invest relatively more in capital (including 
new technologies) specific to primary production rather than to manufac-
turing, they would not develop a comparative advantage in manufacturing 
or services until a later stage of development, at which time their exports 
from those sectors would be relatively capital-intensive. This is all the more 
likely if new technologies developed for the primary sector become increas-
ingly labor- saving as real wages rise—leading potentially to what are known 
as factor intensity reversals, whereby a primary industry in a high-wage coun-
try can retain competitiveness against a low-wage country by adopting capital- 
intensive new technologies. And agriculture’s share of GDP would decline 
slower if farm productivity growth outpaced that of other sectors—as it did 
in high-income countries between 1970 and 2007, according to Herringdorf, 
Rogerson, and Valentinyi (2013). 

Trade patterns are also affected by growth in domestic demands, inso-
far as preferences are nonhomothetic (Markusen 2013). Food has an income 
elasticity of demand of less than one, for example. Although this eventually 
slows the decline in comparative advantage in farm products in resource-poor 
emerging economies, the rate at which it does is initially slowed by consum-
ers switching from staples to higher-valued foods, including intensively fed 
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livestock (Bennett 1941). This theory of sectoral changes and evolving com-
parative advantages is consistent with global empirical evidence on changes in 
sectoral shares of GDP, employment, and exports (Anderson and Ponnusamy 
2019); and it has been used successfully to explain the 20th-century flying 
geese pattern of comparative advantage and then disadvantage in unskilled 
labor-intensive manufactures as some rapidly growing economies expand their 
endowments of industrial capital per worker relative to the rest of the world—
the classic example being clothing and textiles. The theory has also been used 
to explain the evolving trade patterns between Asia’s resource-poor first- and 
second-generation industrializing economies and their resource-rich trading 
partners, and the prolonged importance of agriculture in some New World 
settler economies such as Australia (Anderson 2017). With the help of newer 
trade theories, it is also able to explain intra-industry trade and the contribu-
tion to productivity growth of opening up (Feenstra 2018). 

But trade patterns are also affected by trade-related policy developments. 
We next summarize a century of such developments before turning to the evo-
lution of actual patterns of trade in farm products. 

Policy Developments Affecting Agricultural Trade
The globalization wave preceding World War I saw substantial liberaliza-
tion of international trade, including in farm trade (Anderson 2016). Efforts 
to restore liberal trade following that war centered on international confer-
ences. However, despite rhetoric in support of open markets, those meetings 
did not lead to renewed trade treaties with binding commitments to open-
ness based on the most-favored-nation (MFN) principle used from 1860 by 
Britain and France. With no country willing or able to replace Britain as the 
hegemon, there was trade policy anarchy. When economic recession and low 
agricultural prices hit in the late 1920s, and the United States introduced the 
Smoot-Hawley tariff hikes of June 1930, governments elsewhere responded 
with beggar-thy-neighbor protectionist trade policies that together helped 
drive the world economy into depression. The volume of world trade shrank 
by one-quarter between 1929 and 1932, and its value fell by 40 percent. Over 
the entire interwar period both agricultural and other merchandise trade 
grew hardly at all. According to Federico (2005: 22–29), world exports of 
both agricultural and nonagricultural goods declined by 0.8 percent per year 
between 1925 and 1938, and real prices of farm products in international mar-
kets slumped following their highs during World War I.
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The first attempts to reverse the growth in protection were discriminatory, 
benefiting colonies at the expense of other trading partners. By the end of the 
1930s, protectionism was far more entrenched than in the late 19th century, 
when only nondiscriminatory tariffs had to be grappled with. Indeed, nontar-
iff trade barriers were so rife as to make tariffs redundant and hence a return 
to MFN irrelevant unless and until “tariffication” of those barriers occurred. 
Out of the interwar trade policy experience, Britain and the United States 
were convinced that liberal world trade required a set of multilaterally agreed 
rules and binding commitments based on nondiscriminatory principles. After 
much negotiation, that led to the General Agreement on Tariffs and Trade 
(GATT). It was signed in 1947 by 23 trading countries—12 high-income and 
11 developing—who at the time accounted for nearly two-thirds of the world’s 
international trade (UNCTAD 2018). The GATT provided a forum to nego-
tiate subsequent tariff reductions and changes in rules, plus a mechanism to 
help settle trade disputes. Eight so-called rounds of negotiations took place in 
the subsequent 46 years, as a result of which many tariffs on at least manufac-
tured goods were progressively lowered in most high-income countries. 

The last of those negotiations, the Uruguay Round (1986–1994), culmi-
nated in numerous agreements to further reduce trade barriers over the sub-
sequent decade. One of those agreements involved, for the first time, a serious 
attempt to liberalize agricultural trade. Another agreement created the World 
Trade Organization in January 1995 to replace and extend the former GATT 
Treaty. WTO membership now involves 164 countries/ customs territories 
that account for more than 97 percent of world trade. Global merchandise 
trade grew faster in the half century following the GATT’s formation than in 
any other half century in history. However, agricultural trade grew less rap-
idly than trade in other goods, for three reasons. One is the fall in agricul-
ture’s share of global GDP (it is now only 3 percent, down from more than 
50 percent not much earlier than 1900). A second contributor is the recent 
fragmentation of industrial production into ever more processes and the asso-
ciated rapid expansion in the number of links in their global value chains 
(Baldwin 2016). The latter shows up in the global shares of exports to GDP, 
which rose during 1995 through 2010 from 66 percent to 105 percent for 
manufacturing while hardly changing (a rise from 53 percent to 58 percent) 
for agriculture. 

The third key contributor to slow farm trade growth has to do with 
trade-restricting policies. The lack of strong GATT disciplines on agri-
culture’s trade-related policies allowed two separate developments in farm 
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policies between the 1950s and the 1980s: agricultural protection growth in 
high-income countries, and agricultural export taxation in low-income coun-
tries. In both Japan and the European Community in the 1950s, domestic 
prices exceeded international market prices for grains and livestock prod-
ucts, but by less than 40 percent. By the early 1980s, however, the difference 
was more than 80 percent for Japan and was around 40 percent for the EC, 
while still being close to zero for the agricultural-exporting rich countries of 
Australasia and North America. Nearly all of that assistance to Japanese and 
European farmers in that period was due to restrictions on imports of farm 
products. Assistance then rose markedly in the mid-1980s, particularly due 
to a North Atlantic food export subsidy “war” that was prompted by western 
Europe seeking to dispose abroad of support-induced output surpluses.

Meanwhile, developing countries had been heavily discriminating against 
their farmers. A major study of 18 developing countries by Krueger, Schiff, 
and Valdés (1988) shows that the depression of incentives facing developing- 
country farmers from the 1960s to the mid-1980s had been due partly to var-
ious forms of agricultural price and trade policies, including subsidies to food 
imports as well as taxes on farm exports and partly to developing countries’ 
nonagricultural policies that hurt their farmers indirectly. The two key indi-
rect ones were manufacturing protectionism (which attracts resources from 
agriculture to the industrial sector) and overvalued exchange rates (which 
attract resources to sectors producing nontradables, such as services). 

A more recent World Bank (Anderson 2009) study covers 45  developing 
countries but also 13 European transition economies as well as 24 high- 
income countries. The results reveal that there have been substantial reduc-
tions in distortions to agricultural incentives in both high-income and 
developing countries since the mid-1980s (Figure 13.2). This is also clear from 
three decades of producer and consumer support estimates of the OECD 
(2019): the nominal rate of agricultural protection for the 36 OECD mem-
ber countries (mostly high-income economies) fell from 48 percent in 1986–
1988 to 29 percent in 2000–2002 and 11 percent in 2016–2018, while for 
12 (mostly large) emerging economies, the nominal rate of agricultural pro-
tection rose on average from 0 percent in 2000–2002 to 5 percent in 2016–
2018. Both these sources also reveal, however, that progress has not been 
uniform across countries and regions, and that the reform process therefore is 
far from complete. More specifically, many countries still have a wide disper-
sion in nominal rates of assistance (NRAs) for different farm industries and 
in particular have a strong anti-trade bias in the structure of assistance within 
their agricultural sector. Furthermore, some countries have “overshot” in the 
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sense that they have moved from having an average relative rate of assistance 
to farmers (RRA) that was negative to one that is positive, rather than stop-
ping at the welfare-maximizing rate of zero.1 Moreover, the variance in rates 
of assistance across commodities within each country, and in aggregate rates 
across countries, remains substantial, which indicates that resources within 
the farm sector of each country and globally are not being put to their best use.

The developing-country average NRA conceals the fact that the export-
ing and import-competing subsectors of agriculture have very different NRAs. 
While the average NRA for exporters in developing countries has been nega-
tive throughout (but coming back from −50 percent in the 1960s and 1970s 
to almost 0 percent in 2000–2010), the NRA for import-competing farm-
ers in developing countries has fluctuated around a trend rate that has risen 
from 10 percent and 30 percent (and it even reached 40 percent in the years of 
low international prices in the mid-1980s). This suggests that export-focused 
farmers in developing countries are still discriminated against in two respects: 
(1) by the anti-trade structure of assistance within their own agricultural 

1 The NRA is the percentage by which gross returns to producers in a sector are raised because 
of government sectoral or trade policies. RRA is defined as 100 * [(100 + NRAagt) / (100 + 
NRAnonagt) − 1], where NRAagt and NRAnonagt, respectively, are the NRAs for the tradable 
segments of the agricultural and nonagricultural sectors.

FIGURE 13.2 Nominal rate of assistance to agriculture in high-income and developing 
countries, 1955–2014 (%) 
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sectors, and (2) by the protection from imports that remains for farmers in 
high-income countries. Updated estimates from the agricultural incentives 
coalition (ag-incentives.org) suggest that by 2014 the NRA for developed and 
developing countries were essentially the same—a dramatic change from ear-
lier decades (see Figure 13.2). 

The improvement in farmers’ incentives in developing countries is under-
stated by the above NRA estimates, because those countries have also reduced 
their assistance to producers of nonagricultural tradable goods, most nota-
bly manufactures. The decline in the weighted average NRA for the latter 
was much greater than the increase in the average NRA for tradable agri-
cultural sectors for the period to the mid-1980s, consistent with the finding 
of Krueger, Schiff, and Valdés (1988). For the period since the mid-1980s, 
changes in both sectors’ NRAs have contributed to the improvement in 
farmer incentives. The relative rate of assistance for developing countries as 
a group went from −46 percent in the second half of the 1970s to just above 
0 percent in the first decade of the current century. This increase (from a coef-
ficient of 0.54 to 1.01) is equivalent to an almost doubling in the relative price 
of farm products, which is a huge change in the fortunes of developing-coun-
try farmers in just a generation (Anderson and Nelgen 2013).

The RRA estimates for Asia shed light on something that had perplexed 
agricultural trade analysts for some time, which is why self-sufficiency in farm 
products had fallen so little in China and India in recent decades despite their 
very strong growth in production and exports of manufactures (and of cer-
tain tradable services in the case of India): gradual removal of agricultural 
disincentives encouraged farm output growth even as Asia’s industrial com-
petitiveness was strengthening. Within the developing-country group, the 
spectrum of national RRA estimates remains wide, indicating great scope still 
for global economic welfare gains from further farm trade liberalization. Such 
reform not only would raise the mean level of real incomes but also would 
reduce the variance of international food prices by “thickening” international 
food markets. According to global economywide modeling results reported 
in Anderson (2009: chapter 13), liberalization of remaining trade barriers 
as of 2004 would have raised the share of farm production exported globally 
from 8 percent to 13 percent. Furthermore, such reform would reduce global 
income inequality and poverty, according to a follow-up study using numer-
ous global and national economywide models all calibrated to 2004 and 
incorporating the same World Bank estimates of national price distortions as 
discussed earlier (Anderson, Cockburn, and Martin 2011). 
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The growth in agricultural protection to the mid-1980s added to a down-
ward trend in real international farm product prices following the Korean 
War in the early 1950s. The developing countries’ export taxes, including new 
ones introduced from around 1960, had a somewhat offsetting effect (Tyers 
and Anderson 1992). However, with strong global farm productivity growth 
resulting from agricultural R&D investments, supply outstripped demand 
growth and real international food prices trended downward to the mid-
1980s. Those prices flatlined for the next twenty years, before rising dramat-
ically for a combination of demand, supply, and policy reasons. One of the 
policy contributors was the emergence of biofuel subsidies and mandates in 
both the United States and the EU, just at a time when fossil fuel prices were 
rising for a decade from the early 2000s (Figure 13.3).

Although agricultural trade policies were officially all converted to tar-
iffs following the Uruguay Round, many of the tariff bindings in developing 
countries are extremely high, allowing considerable flexibility to adjust protec-
tion rates below the limits imposed by these commitments. Many policymak-
ers continue to seek to stabilize their domestic prices relative to world market 
prices by varying the protection or taxation rates applied on agricultural trade 
in the short run. This insulating behavior may make sense for individual 
countries, and frequently leads policymakers to think it is the solution to the 
problems created by commodity price volatility, but such thinking involves 
a fallacy of composition. This is most easily seen if we consider a case where 
each country’s price is linked to the world price and each country responds 
in the same way to an increase in world prices. If a tightening of world mar-
ket conditions raises world prices by $10, and all exporters offset this by apply-
ing a $10 export tax while all importing countries lower their import duties 
by $10 for the same reason, the combined impact is to raise world prices by 
$20 instead of $10. Thus domestic prices rise by the same $10 they would have 
risen in the absence of this collectively ineffective intervention (Martin and 
Anderson 2012; Ivanic and Martin 2014). In this environment only countries 
that insulate by more than the average can stabilize their prices using this pol-
icy (Anderson, Martin, and Ivanic 2017).

Another important form of agricultural trade policy response for staple 
foods—frequently observed in Africa south of the Sahara—focuses on shocks 
or perceived shocks to agricultural supply. This often sees export restric-
tions imposed, or state-traded imports brought in, when domestic output of 
maize or other key staples are expected to be below normal levels. Such policy 
responses tend to destabilize both domestic and international markets, and 
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frequently reduce food security by focusing on the availability of food rather 
than on the more economically relevant ability of vulnerable groups to access 
food (Sen 1981). 

Recent moves by the United States to a trade policy that seeks liberaliza-
tion in trading partners by threatening increases in US protection echoes the 
approaches used for a short time against much smaller Latin American coun-
tries in the 1890s (Irwin 2017: chapter 6). Applied to major trading powers 
such as China, it appears retaliatory responses are bringing serious losses to 
both parties, including large losses to US agricultural exporters (Robinson 
and Thierfelder 2019). Hopefully policymakers on both sides will return to 
reform approaches that generate economic benefits by reducing own-country 
distortions or agreeing to reciprocal liberalization that generates benefits to 
both countries. 

Agricultural Trade Patterns over the Past  
Quarter Century
Much of the discussion of global agricultural trade and associated policies 
over recent decades has focused on trade between high-income countries and 
on bulk commodities such as grains, beef, and oilseeds. That discussion does 
not seem to have caught up with more recent developments that have seen the 
importance of developing countries grow in world agricultural trade. 

FIGURE 13.3 Real international prices of food and fossil fuel (energy), 1960–2016 (2010 = 
100, based on real 2005 US$)
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A key driver of the change in farm trade patterns since the early 1990s is 
the dramatic increase in economic growth rates of developing countries. For 
the first time since the beginning of the industrial revolution, developing 
countries have outperformed—by a large margin—the economic growth of 
the traditionally high-income countries. Between 1950 and 1993, per cap-
ita incomes in developing countries consistently fell relative to those in the 
high-income countries; but between 1993 and 2016 the growth rate of per 
capita income in developing countries exceeded that of the core high-income 
countries by an average of 2.5 percentage points per year. As a result, the 
share of developing countries in world GDP rose from 48 percent in 1993 
to 65 percent in 2016. Of course, not all developing countries have grown 
rapidly since the early 1990s. Figure 13.4 shows that the growth rate of 
developing- country income in East Asia over this period was astoundingly 
high, at 6.84 percent per year. It was also relatively high in South Asia, at 
4.40 percent per year. The developing countries of Europe and Central Asia 
and the Middle East and North Africa (MENA) also had growth rates above 
the high-income country average of 1.43 percent per year. Africa south of the 
Sahara was equal to the high-income country average, while the growth rate of 
per capita income in Latin America and the Caribbean was slightly below that 
average at 1.38 percent per year. 

Another key change in the world economy has been a steady decline in 
the global population growth rate. This decline, from more than 2 percent 
per year in the mid-1960s, and close to 2 percent per year in 1990, to around 
1 percent per year currently and a projected rate of around 0.5 percent per 
year in 2050, makes growth in per capita incomes relatively more important 
for food demand in the future than in the past, where global food demand 
growth was driven primarily by population. These developments have 
impor tant implications for global food markets and food trade, because of 
two of the best-known regularities in economics: Engel’s Law (Engel 1857; 
Houthakker 1957) and Bennett’s Law (Bennett 1941). The former refers to 
the fact that the share of food in total spending declines as income rises, while 
the latter refers to the fact that consumers in middle-income countries tran-
sition as their incomes grow from diets dominated by starchy staple foods to 
diets that include animal products, vegetable oils, and fruits and vegetables. 
Together these laws mean that income growth in developing countries has a 
disproportionate impact on global food consumption. Their increase in the 
demand for animal products is particularly important for total food demand 
because of the large difference in the cost of producing livestock products rela-
tive to plant-based products. 
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Figure 13.5 shows the relationship between income growth and calories 
consumed (as measured by cereal equivalents) directly by households and the 
calories required to produce the food bundles demanded at different levels of 
income. The figure shows how much larger is the energy requirement involved 
in the production of high-income diets, relative to those consumed by low- 
income people. It also shows that the total (direct plus indirect) calorie equiv-
alent consumption increases for much longer as incomes grow than does just 
the direct consumption of calories. Notice that the growth of food consump-
tion converges on zero as incomes rise in richer countries.

Yet another important development affecting agricultural trade since the 
early 2000s has been the biofuel policy responses by the United States, the EU, 
and others to climate change and energy security concerns. The sudden global 
increase in the demand for maize, oilseeds, and sugar by producers of biofu-
els in those countries reduced those rich countries’ net exports of such farm 
products and thus raised their prices in international markets. That in turn 
boosted exports of them from developing countries.

On the supply side of the global food equation, the availability of agri-
cultural land per person has declined over the period since the early 1990s at 

FIGURE 13.4 Growth rates of per capita income at constant prices, by region, 1993–2016 
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different rates across regions.2 Some countries—particularly in Latin America 
and Africa—have been able to bring new agricultural land into production, 
while others had little opportunity to do so. Sharp differences between coun-
tries in their population growth rates also influence the changes in agricul-
tural land use per person: the declines in land area per person were quite 
small in Latin America and in East Asian developing countries but more than 
15 percent in other regions and more than 30 percent in MENA (Figure 13.6).

Factor endowments are not the only supply-side determinant of farm trade. 
Agricultural research and development can also impact countries’ abilities 
to export such products. Brazil has emerged as an agricultural export pow-
erhouse in large measure because of rapid farm productivity improvements. 
The emergence of India as a large exporter of agricultural products, despite 
a relatively small land endowment per worker, also reflects improved farm 

2 “Agricultural land” is defined, as in Fukase and Martin (2016), as arable land plus land in per-
manent crops and one-third of permanent pasture land.

FIGURE 13.5 Direct versus total (direct plus indirect equivalent) calorie consumption, 154 
countries, 1992–2009
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productivity. These influences are reflected in the net trade positions of dif-
ferent regions. Figure 13.7 shows a dramatic expansion in the net agricultural 
exports of Latin America and the Caribbean as well as substantial increases 
in agricultural imports into China and MENA. Agricultural net exports 
from developing East Asia other than China also expanded substantially over 
this period. Net imports of agricultural products into high-income countries 
(which, as defined by the World Bank, include high-growth economies such as 
the Republic of Korea) increased from low levels in 1992 to around $57 billion 
in 2007, declined as prices in key exporting countries in the group responded 
to high world prices from 2008 but rose to around $60 billion in 2015 and 
2016 as lower world prices reduced the incentive to produce. 

These influences on agricultural production, consumption, and trade have 
brought substantial change to the pattern of global farm trade. At the begin-
ning of this growth surge, in 1993, the high-income countries accounted for 
56 percent of global agricultural exports and 61 percent of imports. By 2016 
there had been an almost complete reversal in terms of importance as both 
importers and exporters: developing countries contributed 58 percent of those 
exports and accounted for 60 percent of imports (Table 13.1). That rising 
importance of developing countries in global farm trade is duplicated with 

FIGURE 13.6 Agricultural land per person, by region, 1992–1997 and 2008–2012 (hectares)
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FIGURE 13.7 Net exports of agricultural products, by region, 1992–2016 (US$ billion)
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TAbLE 13.1 High-income and developing-country shares of 
world agricultural trade, 1993 and 2016 (%)  

High-income Developing World

1993

exports 56 44 100

imports 61 39 100

2016

exports 42 58 100

imports 40 60 100

Source: un ComtraDe data (accessed July 21, 2018, using wits.worldbank.org). 
Note: intra-eu trade is excluded from eu and global trade.
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their trade in other goods (Baldwin 2016). To get a sense of how their com-
parative advantages have been changing, it is helpful to calculate two indexes 
of trade specialization. Over the past half-century, the share of farm products 
in national exports has been declining for each of the low-, lower-middle-, and 
upper-middle-income countries, as well as for the high-income group of coun-
tries, and so for the world as a whole—until recently when world food prices 
spiked upward (Table 13.2). A country is defined as having a “revealed” com-
parative advantage (disadvantage) in agriculture if the share of farm prod-
ucts in its exports exceeds (is less than) that share for the world. For the 
high-income group, and especially for western Europe, the index of “revealed” 
comparative advantage in farm products has risen and since the 1990s has 
averaged close to one. By contrast, that index for upper-middle-income coun-
tries has fallen from above two to below one as their manufacturing com-
parative advantage strengthened; while for low- and lower-middle-income 
countries, it has hovered around two for the past half century, declining only 
slightly (Table 13.3). 

While imports are not captured in Table 13.3, they are in the index of 
farm trade specialization reported in Table 13.4, which shows the ratio of 
exports minus imports to exports plus imports. That index has been slightly 
negative over the past half-century for high-income countries (above zero for 

TAbLE 13.2 Share of agricultural products in total merchandise exports, major country 
groups, and world, 1960–2014 (%)

Country/country group 1960s 1970s 1980s 1990s 2000–2004 2014

Western europe 17 14 13 12 9 11

Japan 8 3 2 1 1 1

united States and Canada 28 25 20 14 11 13

australia and new Zealand 84 54 45 36 32 25

Subtotal: Above high-income 22 16 13 12 9 11

China 51 41 20 12 5 3

india 42 36 24 14 8 13

All developing countries:

upper-middle-income — 41 24 15 10 10

lower-middle-income — — 28 18 12 19

low-income 60 39 29 22 19 —

World 27 21 16 12 9 11

Source: anderson (2016: table 4), based on un ComtraDe data. reproduced by permission of the publisher; this table is not 
covered by the CC BY 4.0 license.
Note: — = not available.
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TAbLE 13.3 Indexes of revealed comparative advantage in agricultural and food products, by 
region, 1960–2014

Region   1960s 1970s 1980s 1990s 2000–2004 2014

Western europe 0.6 0.7 0.8 1.0 1.1 1.0

Japan 0.3 0.2 0.1 0.1 0.1 0.1

united States and Canada 1.0 1.2 1.2 1.2 1.2 1.2

australia and new Zealand 3.0 2.6 2.9 3.1 3.5 2.3

Subtotal: Above high-income 0.8 0.8 0.9 1.0 1.0 1.0

China 2.1 2.0 1.3 1.0 0.6 0.3

india 1.6 1.8 1.7 1.6 1.4 1.2

All developing countries:

upper-middle-income — 2.0 1.6 1.3 1.2 0.9

lower-middle-income — — 1.8 1.5 1.4 1.7

low-income 2.2 1.9 1.8 1.9 2.1 —

World 1.0 1.0 1.0 1.0 1.0 1.0

Source: Compiled by anderson (2016) from un ComtraDe data. reproduced by permission of the publisher; this table is not 
covered by the CC BY 4.0 license.
Note: — = not available. revealed comparative advantage index is the share of agriculture and food in national exports 
as a ratio of that sector’s share of global exports, hence 1 for the world. 1960s is 1961–1969, except for China which is 
1965–1969.

TAbLE 13.4 Indexes of trade specialization in agricultural and food products, by region, 
1960–2014

Region 1960s 1970s 1980s 1990s 2000–2004 2014

Western europe −0.34 −0.22 −0.11 −0.05 −0.03 0.03

Japan −0.72 −0.80 −0.84 −0.87 −0.84 −0.76

united States and Canada 0.11 0.24 0.25 0.21 0.08 0.16

australia and new Zealand 0.73 0.71 0.68 0.65 0.62 0.47

Subtotal: Above high-income −0.18 −0.11 −0.05 −0.04 −0.04 −0.07

China 0.10 0.07 0.08 0.10 −0.16 −0.40

india −0.12 0.15 0.18 0.29 0.10 0.33

All developing countries:

upper-middle-income — 0.50 0.32 0.17 0.10 −0.09

lower-middle-income — — 0.30 0.14 0.09 −0.13

low-income — 0.25 0.17 0.14 0.07 —

World 0.00 0.00 0.00 0.00 0.00 0.00

Source: Compiled by anderson (2016) from un ComtraDe data. reproduced by permission of the publisher; this table is not 
covered by the CC BY 4.0 license.
Note: — = not available. agricultural trade specialization index is net exports as a ratio of the sum of exports and imports of 
agricultural and food products (so ranging between −1 and +1, positive for net exporters, and the world index is zero). 1960s 
is 1961–1969, except for China which is 1965–1969. the final column for China and india refers to 2010–2014; their index 
values in 2005–2009 were −0.22 and 0.25, respectively (based on FaoStat data).
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Australasia and North America, below zero for western Europe and especially 
Japan), but it has declined from around 0.5 to −0.1 for middle-income coun-
tries and from 0.25 to below 0.1 for low-income countries. These changes in 
the relative importance and competitiveness of developing countries in world 
markets for agricultural products has major implications for future policy 
choices. 

Why Further Trade Reform Remains Important  
for Developing Countries
Given the major increase in the share of developing countries in global farm 
trade over the past generation, those countries now have a far greater interest 
in policies affecting that trade. Both own-country and other-country policies 
are more important than ever in influencing farm incomes in food- exporting 
developing countries, in meeting food needs of food-importing countries, and 
in diversifying the available supply and affordability of safe and nutritious 
food in all countries (Martin and Laborde 2018). Those policy developments 
remain important because agricultural trade distortions in both high-income 
and developing countries still tend to be large, and together they account 
for two-thirds of the potential gains that could come from global merchan-
dise trade liberalization (Anderson, Martin, and van der Mensbrugghe 2005; 
Laborde, Martin, and van der Mensbrugghe 2011). It is not just the income 
gains from further trade reform that matter for welfare in developing coun-
tries. Also important are the potential impacts of trade reform on poverty 
alleviation (since that is the key to solving food insecurity and many of the 
world’s other problems), on malnutrition and hunger, on diet diversity and 
quality, and on domestic food price volatility. 

Poverty Alleviation

Evidence surveyed by Ravallion (2006) suggests aggregate economic growth 
differences have been largely responsible for the differences in poverty allevia-
tion across regions. Initiatives that boost economic growth are therefore likely 
to be helpful in the fight against poverty, and trade liberalization is one such 
initiative. But cuts to trade barriers also alter relative product prices domesti-
cally and in international markets, which in turn affect factor prices. Hence 
the net effect on poverty depends also on the way those price changes affect 
poor households’ expenditure and their earnings net of remittances. If the 
consumer and producer price changes (whether due to own-country reforms 
and/or those of other countries) are pro-poor, then they will tend to reinforce 
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any positive growth effects of trade reform on the poor. We know that 
reforms to the agricultural policies of high-income countries could provide 
a major source of developing country gains from trade reform. Such reform 
would boost the demand for unskilled labor and for farm products produced 
in poor countries. Since two-thirds of the world’s poor live in rural areas 
(Castañeda et al. 2016), and since many poor rural households are net sellers 
of farm labor and/or food, one would expect such reforms to reduce the num-
ber in absolute poverty. 

A set of analyses reported in Anderson, Cockburn, and Martin (2011), in 
which global and national economywide model results are carefully combined 
with household income and expenditure survey data for nearly a dozen devel-
oping countries, tests this hypothesis. It finds strong support for it in most 
of the country case studies considered. If full global trade reform were to be 
undertaken, that study concludes that it would reduce the number of people 
in extreme poverty by at least 26 million, and 87 million would be alleviated 
from $2 per day poverty (Anderson, Cockburn, and Martin 2011; Table 13.4). 
Bear in mind, too, that those estimates are from comparative static models, 
and so are underestimates because they do not include the poverty-reducing 
dynamic effects on economic growth of such reforms. 

Malnutrition and Hunger

Hunger and undernutrition can be eased by trade not only in goods but also 
in agricultural technologies, in particular newly bred varieties of staple crops. 
The introduction of high-yielding dwarf wheat and rice varieties during the 
Green Revolution that began in Asia in the 1960s is a previous case in point, 
whereby producers and consumers shared the benefits in terms of higher farm 
profits and lower consumer prices for cereals. 

A prospective case in point is the possibility of breeding crop varieties 
that are not only less costly to grow but are “nutriceuticals” in the sense they 
contain vitamin and mineral supplements. The most promising is so-called 
golden rice. Consumers in many poor countries suffer from chronic vita-
min A deficiency that can lead to blindness, weakened immune systems, and 
increased morbidity and mortality for children as well as pregnant and lactat-
ing women. Golden rice has been genetically engineered to contain a higher 
level of beta-carotene in the endosperm of the grain and thereby provide a 
vitamin A supplement. By being cheaper and/or more nutritionally beneficial, 
golden rice would improve the health of poor people and thereby also boost 
their labor productivity. Anderson, Jackson, and Nielsen (2005) estimate that 
the latter economic benefit from this new biotechnology could be as much as 
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ten times greater than just the traditional benefits of lower production costs—
not to mention that poor people would live longer and healthier lives. 

The benefits of such new biotechnology is being held back in many devel-
oping countries where genetically modified organisms (GMOs) have yet to be 
adopted. This is because the European Union and some other countries will 
not import from countries whose food may contain GMOs—even though 
there is no evidence that GM foods are a danger to human health (see, for 
example, EASAC 2013; UK, House of Commons 2015). The cost of that 
trade barrier to developing countries has been very considerable both through 
the loss of export opportunities and the dampening effect on adoption of 
improved technologies (Anderson 2010; Qaim 2016). 

CRISPR approaches to breeding plants and livestock appear to offer addi-
tional potential for improving both yields and product quality (Zaidi et al. 
2019; Godwin 2019). The fact that these technologies do not require transfers 
of genes between species and that gene-edited plants and animals are indis-
tinguishable from those bred for the same attributes by conventional tech-
niques may help promote community acceptance. The USDA has announced 
that it has no plans to regulate plants developed using CRISPR that could 
have been developed through traditional breeding techniques. However, the 
European Court of Justice has proposed regulating gene-edited crops under 
the same strict EU rules as apply to GM foods, and the US Food and Drug 
Administration has proposed mandatory premarket evaluation of food ani-
mals (Van Eenennaam, Wells, and Murray 2019). Clearly, the progress both of 
gene-editing technologies and of the regulatory responses to them are likely to 
have important influences on global food production and trade in the coming 
decades—hopefully with a more positive outcome than the current situation 
with respect to the regulatory rigidities applying to GMOs.

Dietary Diversity and Quality

Trade has considerable potential to improve food diversity and quality, partic-
ularly in countries that are small and have little agroecological diversity. This 
advantage of trade is likely to be exploited most by higher-income countries, 
where people have the spending power to diversify their diets. However, the 
process of dietary diversification begins at a relatively low level of income as 
consumers introduce vegetables, fruits, and oils into diets that were formerly 
focused heavily on basic staples (Bennett 1941). The link between openness 
to trade and food quality is more controversial. One would expect the higher 
incomes associated with trade to result in dietary improvements—assum-
ing consumers are knowledgeable about what foods lead to better nutritional 
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outcomes. But concerns have been raised about the role of trade, and global-
ization more generally, in creating nutritional problems, particularly those 
associated with obesity (for example, Hawkes, Chopra, and Friel 2009). 

One strand of this literature (and related media discussion) focuses on 
Pacific Island countries. Contributions to this literature tend to claim that the 
precontact diet in these countries was a healthy mix of carbohydrates from 
root crops with proteins from tropical fish. The experiences of Easter Island 
and New Zealand (Flannery 1994) raise questions about the sustainability 
of such diets, particularly as populations grow. Concerns have been raised 
about the poor health outcomes associated with such imported foods as mut-
ton flaps and turkey tails, and proposed solutions include banning imports of 
these foods if providing nutrition information is not enough to change diets. 
However, trade policy is an indirect and inefficient means of improving diets. 
It frequently leads to domestic firms producing a similar low-quality product 
and becoming a powerful lobby group against policies that encourage a move 
away from these products. 

Because policymakers have multiple objectives—such as reducing malnu-
trition from both undernutrition and overconsumption of unhealthy foods, 
and avoiding hurting the poor—it seems likely that they will need multiple 
policy instruments to achieve these goals (Martin 2018). Just as in campaigns 
against smoking, these might include provision of information, attempts to 
deglamorize these products, excise taxation to discourage consumption, and 
perhaps “nudges” toward more nutritional foods (Just and Gabrielyan 2016). 
Whether imports “cause” nutritional problems, policy approaches that focus 
on trade policy, such as those advocated by Thow et al. (2011), not only stim-
ulate production of undesired goods but also run into problems with WTO 
rules that distract policymakers away from a focus on nutrition and into 
unnecessary conflict over trade policy rules and commitments.  

Domestic Food Price Volatility

Trade is often seen as a source of volatility to domestic agricultural markets. 
The reality is more typically the reverse. If the focus moves from a single, iso-
lated market to one with many supplying and demanding regions linked by 
low-cost transport, the coefficients of variation of production and prices are 
likely to come down when trade is opened. Burgess and Donaldson (2010) 
found that connecting a district in India to the railway network resulted in 
a very sharp decline—almost the disappearance—of famines in that region. 
Inter-regional trade in this context was found to be particularly important 
because, as Donaldson (2018) explains, agricultural output volatility was large 
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and internal transport costs extremely high prior to rail connectivity. Thus 
this work illustrates the positive role of trade in reducing the volatility of food 
prices and the risk of food insecurity. In his seminal study of the role of trade 
in famines in British India, Ravallion (1987) concluded that it had a modestly 
favorable impact on reducing the consumption impact of output shocks, an 
effect complemented by domestic storage. He found no evidence of “slump 
famines” in which the income decline associated with harvest failure reduced 
consumption enough to increase exports. 

Trade and Climate Change

Food consumption by country and region is currently still strongly linked to 
production. Climate changes that alter the suitability of different regions for 
production of particular foods are therefore likely to increase the importance 
of agricultural trade for consumption smoothing (Hertel 2018). Increased 
output volatility is likely to further increase this importance on an annual 
basis (Baldos and Hertel 2015). Because the effects of climate change on crop 
and livestock productivity are expected to be very different across agroecolog-
ical zones, it is important to assess these impacts at a fine level of detail. An 
important paper by Costinot, Donaldson, and Smith (2016) develops a new 
approach for this analysis using data for 1.7 million distinct fields around the 
world. Their conclusion is that trade would need to play a relatively minor role 
in adjusting for climate change. 

A new paper by Gouel and Laborde (2019) builds on this analysis and 
raises concerns about key elasticities estimated in the Costinot, Donaldson, 
and Smith model and its assumed ability of agriculture to draw additional 
land under cultivation. Building more heavily on the econometric evidence 
about key parameters, and introducing an opportunity cost for additional 
land drawn into cultivation, they find that preventing trade adjustments in 
response to climate change would increase the cost of adjustment by more 
than 75 percent. That suggests openness to food trade will be far more 
important in the future, especially if current projections of increased fre-
quency and severity of extreme weather events are vindicated.

What More Could Be Done to Continue  
the Trade-Related Policy Reform Process?
Open markets maximize the benefit that international trade can offer to 
boost global food security and ensure the world’s agricultural resources are 
used sustainably. The decline in costs of trading internationally add to that 
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prospect. Also, if global warming and extreme weather events are to become 
more damaging to food production in some regions, then all the more reason 
to have openness to international food markets and allow trade to buffer sea-
sonal fluctuations in domestic production. The more countries that do so, the 
less volatile will be international food prices. 

For those countries becoming more food import–dependent as their com-
parative advantage moves away from agriculture, slowing that process by rais-
ing food import barriers worsens rather than improves their national food 
security and nutrition, since it reduces economic access to food for the vast 
majority of households. By contrast, public investments to boost farm produc-
tivity—while achieving the same end of reducing import dependence—would 
enhance national economic growth and food security. Improving the effi-
ciency of markets for all key factors of agricultural production (capital, labor, 
land, and water), and for inputs such as fertilizer and pump power, are addi-
tional ways to improve the sustainable use of the world’s agricultural resources.

Developing countries still concerned that poor households would be too 
vulnerable if food markets were unrestricted have another option to consider. 
They can now invoke generic social safety net measures such as conditional 
targeted income supplements. Those measures can be made more affordable 
and more equitable if they are targeted at just the most vulnerable house-
holds. This option is far more practical now than just a few years ago, thanks 
to the information technology revolution that has reduced hugely the cost of 
administering such handouts, because they can be provided electronically as 
direct assistance to even remote households so long as they have access to elec-
tronic banking.

As for international efforts to reduce food price volatility, the most obvi-
ous option is for WTO member countries to agree collectively to desist from 
altering their food trade restrictions when international food prices spike. 
That would require binding not only import tariffs but also export taxes at 
zero or low levels, or reducing the extent of price insulation that contributes 
so strongly to world price volatility. Now may not seem a propitious time to 
think about further trade reform, with the US administration apparently 
thinking that industrial goals can be achieved through tariffs. But the gene-
sis of today’s global trading system was the US Reciprocal Trade Agreements 
Act of 1934, passed shortly after the damage from trade wars set off by the 
US Smoot-Hawley tariff of 1930 had become clear (Irwin 2008). And the 
prospects for agricultural trade reform in the industrial countries were surely 
gloomy when D. Gale Johnson (1973) wrote his seminal World Agriculture 
in Disarray, highlighting the need for global agricultural trade reform. As the 

agriCultural Development anD international traDe 465



costs of those policies became more obvious, and the potential for less costly 
alternatives more clear, it became possible to reach agreement on large-scale 
reforms of industrial-country agricultural policies by the end of the Uruguay 
Round in 1994. A similar challenge lies ahead for WTO members in dealing 
with the collective action problems remaining in both industrial and develop-
ing countries. 

Finally, what about the well-being of net sellers of farm products who find 
it difficult to compete with imported like products? Protecting them from 
import competition is an extremely inefficient and inequitable way of assisting 
them. Partly this is because such a policy raises the prices of such products for 
all households who are net buyers of such goods. It is also inequitable in that 
it helps such farmers in proportion to their marketed output—and thus helps 
the biggest/least needy farmers most. Far more efficient would be to reduce 
any underinvestment in rural infrastructure (to lower transport and commu-
nication costs of getting farm products to market) and in agricultural R&D 
(to lower farmers’ costs of production or raise the quality and thus price of 
their product). These messages are not new (see, for example, Johnson 1973), 
but—like the benefits from free trade—they are not intuitively obvious to 
noneconomists and so need to be repeatedly impressed upon every new gener-
ation if good trade-related policies are to prevail.
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THE POLITICAL ECONOMY OF AGRICULTURAL  
AND FOOD POLICIES 

Johan Swinnen

Food and agriculture have been subject to heavy-handed government inter-
ventions throughout much of history and across the globe, both in developing 
and developed countries.1 Political considerations are crucial to understand 
these policies since almost all agricultural and food policies have redistributive 
effects and are therefore subject to lobbying and pressure from interest groups 
and used by decision-makers to influence society for both economic and polit-
ical reasons. Some policies, such as import tariffs or export taxes, have clear 
distributional objectives and reduce total welfare by introducing distortions 
in the economy. Other policies, such as food standards, land reforms, or pub-
lic investments in agricultural research, may increase total welfare but at the 
same time also have distributional effects. These distributional effects will 
influence the preferences of different interest groups and thus trigger politi-
cal action.

The inherent interlinkage between efficiency and equity issues in policy-
making meant that for much of history, economics and politics were closely 
related disciplines, often written about by the same authors, as reflected in the 
works of the original architects of the economics discipline—Adam Smith, 
John Stuart Mill, David Ricardo, and so on. In the late 19th century the eco-
nomics discipline started separating itself from the “political economy” frame-
work. The revival (or return) of political economy started in the 1950s and 
1960s and was referred to as “neoclassical political economy” or “new politi-
cal economy,” as economists started using their economic tools to analyze how 
incentives of political agents and constraints of political institutions influ-
enced political decision-making. The start of this field is often associated with 

1 This chapter is a revised version of J. Swinnen, “The Political Economy of Agricultural and 
Food Policies,” chapter 21 in Handbook of Agricultural Economics, edited by G. Cramer, K. P. 
Paudel, and A. Schmitz, 381–398 (Oxon, UK: Routledge Publications, 2018). The material is 
reproduced with permission of the Licensor through PLSclear. For a more extensive discussion 
on all the issues discussed in this chapter and data illustrations, see also Swinnen (2018).
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such publications as An Economic Theory of Democracy (Downs 1957), The 
Logic of Collective Action (Olson 1965), The Calculus of Consent (Buchanan 
and Tullock 1962), classic papers by Krueger (1974) and Bhagwati (1982) on 

“rent-seeking,” and by Stigler (1971) and Becker (1983) on political economy 
theories of regulation. 

These theories and insights have been applied to analyze food and agricul-
tural policies, in particular to the puzzling question: Why was agriculture sub-
sidized in rich countries and taxed in poor countries? The combination of an 
intriguing question, new theories to apply, and fascinating data induced a rich 
literature on the political economy of agricultural trade and distortions in the 
1980s and the first part of the 1990s. Later, interest in the political economy 
of agricultural policies was sparked by a combination of fresh data, new the-
ories, and novel intriguing questions. New political economy models focused 
on the role of institutions in economic policies (for example, Acemoglu 2003 
and Persson and Tabellini 2000); better microfoundations for analyzing polit-
ical economy decision-making (Grossman and Helpman 1994); and the role of 
(mass) media (McCluskey and Swinnen 2010; Strömberg 2004). 

New datasets improved indicators on institutional and political vari-
ables. The World Bank’s project on distortions to agricultural incentives pro-
vided novel and rich datasets (Anderson 2009, 2016). Studies focused on how 
major institutional and political reforms had affected agricultural policy. This 
includes the global shift from state-controlled to market-based governance of 
agricultural and food systems, not only in China and the former Soviet Union 
but also in Latin America and Africa (Swinnen and Rozelle 2006). Another 
question related to the impact of changes in international organizations and 
trade agreements, such as the Uruguay Round Agreement on Agriculture 
(URAA), the World Trade Organization (WTO), the North American Free 
Trade Agreement (NAFTA), the enlargement of the EU, and so on. 

The turnaround in global agricultural and food markets in the second 
half of the 2000s induced new economic and political debates on agricultural 
and food policies. Instead of export subsidies and import tariffs, export barri-
ers and price ceilings were introduced to prevent food prices from rising. The 
food crisis also drew attention to the failure of agricultural policies to stimu-
late investment and productivity growth. Another emerging issue was whether 
there is a shift from traditional trade barriers (such as import tariffs) to 
so-called nontariff measures. This was triggered by the rapid growth in public 
and private standards in global agrifood chains and a concern that with bind-
ing WTO constraints on tariffs, governments were looking for other instru-
ments to protect their markets.

472 Chapter 14



Political considerations are crucial to understanding these various agricul-
tural and food policies of developing and developed countries. After a discus-
sion on political models and coalitions, this chapter starts with the political 
economy of policies motivated primarily by redistributing income (or rents) 
between different groups in society, such as price and trade interventions in 
agricultural and food markets. The later sections focus on policies that may 
stimulate growth or reduce externalities but also redistribute income at the 
same time, such as standards and policies to reduce volatility as well as invest-
ments in public goods (research). 

Political Coalitions in Agricultural  
and Food Policies
Political economy models of agricultural and food policy often consider pro-
ducers, consumers, and taxpayers as the main groups with vested interests in 
policy outcomes. One (theoretical) reason is its didactic use—that is, to avoid 
unnecessary complications in deriving policy effects and identify equilibria. 
Another (empirical) reason is the absence of disaggregated information on 
policy impacts on various agents within (or outside) the value chain. It is, of 
course, well-known that in reality many more agents lobby governments to 
introduce or remove certain policies, including land owners, seed and agro-
chemical companies, rural banks, traders, food processors, retail companies, 
and so on. These agents may be differently affected by policies, depending on 
the nature of the policy—for example, whether the policy is targeted to a (raw) 
agricultural commodity or to a processed commodity, or whether farm subsi-
dies affect land or other production factors. 

As a consequence, these different agents have sometimes joined forces 
(“political coalitions”) with farmers or with final consumers to influence 
policy makers in setting public policies. In other cases they have opposed each 
other on policy issues. For example, sugar processors and farmers may jointly 
lobby for sugar import tariffs or quotas but may oppose each other when gov-
ernments consider regulating sugarcane or beet prices. In addition, the separa-
tion of interests may be less clear in reality than in models. For instance, poor 
farmers are affected both as producers and consumers of food, agribusinesses 
may own farms, and so on. These coalitions are also not static. There are sev-
eral reasons why political coalitions may change: traditional power structures 
within value chains may change with some (sub)sectors growing and oth-
ers declining with economic development, new technologies may bring new 
players into the value chains, new policy instruments may be introduced (or 
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considered), and so on. As an illustration, consider changed coalitions because 
of “new players” that have emerged, or because the same players are interested 
in “new things.”

New players have emerged for a variety of reasons. Technological advances, 
such as biotechnology and genetically manipulated (GM) crops, have created 
new vested interests—and changed those of others. In the 1970s there was no 
pro- or anti-GM lobby since there was no GM. Biofuels have emerged as an 
important factor in agricultural markets and food policy in response to rising 
oil prices and the search for renewable energy sources. Awareness of environ-
mental issues and the lobbying of environmental organizations has increased. 
In countries such as those in the EU, environmental concerns have tradi-
tionally been less important in agricultural policy. This is different from the 
United States, where the 1930s Dust Bowl led to the introduction of a major 
conservation payment program. 

The emergence of new policies, such as crop insurance subsidies, have 
brought new sectors, such as insurance companies, into the lobbying game for 
farm support programs. Growing concentration in retail and the emergence of 
preferred supplier systems have made the retail sector a more powerful sector 
in the value chain. This may benefit consumers, since for many agricultural 
policy issues consumer and retailer interests are aligned and therefore their 
political coalition may be reinforced by growing retail concentration. Vested 
interests may also change. In poor countries, for example, consumer interests 
are centered on having sufficient food at low prices. As incomes grow, however, 
consumers become more concerned with the quality of their food and with 
environmental and ethical standards of their food. With income growth and 
globalization, consumers are interested in local foods, while farm groups see 
it as a potential way of marketing and protecting their products. At the policy 
front, this has resulted in regulations on geographical indications (GI)—an 
issue that has created tensions in trade negotiations (Josling 2006; Huysmans 
and Swinnen 2019; Raimondi et al. 2020).

Finally, the spread of “global value chains” in recent decades is transform-
ing not just the economics of production and exchange in the world but also 
the political economy of agricultural and food policies. Interest groups beyond 
borders have always played a role in agricultural and food policy. For exam-
ple, in the 1990s the US company Monsanto actively lobbied the European 
governments to allow GMOs in Europe. However, with the growth of global 
value chains the distinction between “domestic interests” and “foreign inter-
ests” is no longer as obvious (Antràs 2015; Olper 2016). For example, if com-
panies are sourcing inputs from foreign subsidiaries or contracting with 
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foreign farms or companies for their raw materials, the policy interests of 
these (domestic) companies may be aligned with their (foreign) input suppliers. 
This integration of production and exchange in global value chains changes 
the incentives of agents in the value chains to lobby for or against import pro-
tection and integration in international trade agreements (Blanchard and 
Matschke 2015). For example, Blanchard, Brown, and Johnson (2017) and 
Gawande, Hoekman, and Cui (2015) show that protection is lower when the 
domestic content of foreign-produced final goods is higher and (vice versa) for 
foreign content of domestically produced goods. In other words, the integra-
tion of economies and companies in global value chains tends to dampen the 
incentives for protectionist policies. 

Price and Trade Interventions
In the second half of the 20th century, there were major differences in agri-
cultural and food policies between poor countries, where farmers were taxed, 
and rich countries that subsidized farmers (and taxed consumers). This dif-
ference was not only huge, it was also counterintuitive (Krueger, Schiff, and 
Valdés 1991). In countries where farmers were the majority of the population, 
they were losing out from agricultural policies that imposed a significant tax 
on them. In contrast, in countries where farmers were a small minority, farm-
ers were subsidized, despite the fact that their numbers in the political arena 
had declined. This observation was referred to as “the development paradox.” 
Political economy studies have since explained that the differences in agricul-
tural policies between rich and poor countries captured in the development 
paradox are due to differences in political economy equilibria caused by the 
combination of structural economic differences, information costs, changes in 
governance structures, and so on (Anderson, Rausser, and Swinnen 2013).

Structural Change and Political Incentives

The structural changes that accompany economic development alter the costs 
and benefits of policies to various interest groups, and thus the incentives for 
political activities to be undertaken to influence governments. These, in turn, 
determine the government’s political incentives and adjust the political econ-
omy equilibrium (Anderson 1995; Gardner 1987; Swinnen 1994). First, eco-
nomic growth typically coincides with a rise in urban-rural income disparities, 
as growth in industry and services outpaces growth in the agricultural sector, 
whose specific assets make it slow to adjust. This income gap creates incen-
tives for farmers and agricultural companies to demand—and politicians to 
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supply—policies that redistribute income to reduce that income gap. Several 
mechanisms presented in the political economy literature explain these coun-
tercyclical policies. One is the “relative income hypothesis” of de Gorter and 
Swinnen (1993), driven by changes in marginal utility that in turn determine 
political incentives for governments to respond to interest groups. Another 
is the “loss aversion” argument, where political action is driven by interest 
groups who want to avoid losses coming from changing market conditions 
(Freund and Ozden 2008; Tovar 2009).

Second, in a poor economy most workers spend a large share of their 
income on food. They will therefore strongly oppose an increase in food 
prices through government interventions, such as import tariffs. Industrial 
capital will support worker opposition against food price increases because 
they are concerned about the inflationary effects on wages and their profits. 
In contrast, workers in rich countries generally spend a (much) smaller share 
of their income on food, and only a relatively small part of this is the cost of 
raw materials (agricultural products). This effect is reinforced by declining 
opposition from industry as the inflationary pressure on wages from agricul-
tural protection declines. 

Third, for a given per capita subsidy to farmers, it takes a much larger per 
capita tax on consumers (or workers in other sectors) when there are many 
farmers and fewer consumers (as in poor countries) than when there are few 
farmers and many consumers (workers in other sectors) as in rich countries. 
In other words, even though the share of farmers in the voting population 
declines, less opposition to protecting farmers arises when there are fewer of 
them. Swinnen (1994) shows that under plausible assumptions, the second of 
those two effects dominates. The combination of these factors causes a shift 
in the political economy equilibrium from taxing farmers to subsidizing farm-
ers with economic growth.

Political Organization 

Improvements in rural infrastructure with economic development also 
enhance farmers’ ability to organize for political action. Olson (1965) 
explained that collective action by relatively large groups is difficult because of 
free-riding incentives, implying that in poor countries it is costly to politically 
organize farmers. Consumers are often concentrated in cities, where coor-
dination and collective action are easier than in the rural areas. However, as 
the number of farmers declines and rural infrastructure improves, the cost of 
political organization for farmers decreases. In addition, the growth and con-
centration of agribusinesses and food-processing companies, which are often 
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aligned with farm interests in lobbying for agricultural policies, strengthen 
pro-farm interests. In many countries the growth of agricultural protection 
has been associated with the growth of cooperative agribusiness and food- 
processing companies.2 

Information Costs

Information plays a crucial role in political markets, organization, and pol-
icy design. Downs’s (1957) “rationally ignorant voter” principle explains that 
it is rational for voters to be ignorant about certain policy issues if the costs 
of information are higher than the (potential) benefit of being informed. 
Rational ignorance, be it in the political arena (“voters”) or in the economic 
arena (“consumers”), remains relevant despite reductions of information costs 
with the growth of mass media and social media (McCluskey and Swinnen 
2004). People’s opportunity costs and ideological differences between the 
information (media) source and the reader limit information consumption. 
The rationally ignorant voter argument implies that policies will be intro-
duced that create concentrated benefits and dispersed costs (Stromberg 2004). 
This information effect reinforces the distributional effects caused by struc-
tural factors. 

In addition, enhanced rural communication infrastructure, either through 
public investments (as in many high-income countries earlier in the 20th cen-
tury) or through technological innovations and commercial distributions (as 
in the spread of mobile phone use in developing countries), reduces the rel-
ative costs of information in rural areas compared to urban areas. As a con-
sequence, farmers are better informed about policies and they can use this 
enhanced information infrastructure to organize themselves better, improv-
ing the effectiveness of their lobbying activities. Several information-related 
aspects of economic development thus cause a shift in the political economy 
equilibrium from supporting consumers to supporting farmers (Olper and 
Swinnen 2013).

Political Reforms 

There is a correlation between political regimes and economic develop-
ment, with democratic regimes more prominent among richer countries than 
among poorer. Median-voter models predict that democracies tend to redis-
tribute from the rich to the poor because the distribution of political power 

2 Econometric studies by Gawande and Hoekman (2006) and López (2008) also show the influ-
ence of agribusiness and food companies’ political contributions on US policies. 
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(measured by votes) is typically more equal than the distribution of income 
and wealth (Alesina and Rodrik 1994; McGuire and Olson 1996). As farmers 
are typically poorer, this suggests that farmers may benefit from democratiza-
tion. Moreover, the same factors that make it difficult for farmers to orga-
nize politically in poor countries (such as their large number and geographic 
dispersion) render them potentially powerful in electoral settings (Bates and 
Block 2010; Varshney 1995). 

It has been difficult to measure this empirically because of data and econo-
metric constraints. Swinnen, Banerjee, and de Gorter (2001) use long-run 
data and find that changes in electoral rules that have disproportionately ben-
efited agriculture (for example, extending voting rights to small farmers and 
tenants) have induced an increase in agricultural protectionism. Other elec-
toral changes have not affected agricultural protection because they increased 
the voting power of both those in favor and those against protection. Olper, 
Fałkowski, and Swinnen (2014) analyze the impact of all democratic reforms 
in the world since the 1960s (which were concentrated in developing and 
emerging countries) and find that, on average, democratization has bene-
fited farmers.

Policy Instrument Choice
The distortionary effects of government interventions are equally dependent 
on the choice of the instrument as on the level of the intervention. There is 
an extensive literature comparing the transfer efficiency and the distortions 
of various policy instruments in trade and agricultural policies (Alston and 
James 2002; Gardner 1983). The differences in distortionary effects of poli-
cies play an important role in policy discussions and trade negotiations. 

Another stylized fact of agricultural and food policies is the “anti-trade 
bias”—that is, that import-competing sectors are protected by taxing imports, 
and exportable sectors are taxed more, thereby reducing exports (Anderson 
2016). Trade-policy instruments are the most important agricultural and food 
policies to redistribute income between consumers and producers. In earlier 
history they were often the only policies but even today remain very impor-
tant (Anderson, Ivanic, and Martin 2013). From 2007 through 2012 the anti-
trade bias took on a particular version as many governments responded to 
rising food prices on world markets by restricting (sometimes outright ban-
ning) food exports, thereby exacerbating global price spikes (Anderson, Ivanic, 
and Martin 2014; Pinstrup-Andersen 2014). 
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There are several reasons why trade policies are used. First, import- 
competing sectors have lower comparative advantage than exporting sectors. 
Since benefits from market returns are lower in sectors with a comparative 
disadvantage, those sectors’ incentives to seek income from government sup-
port are also relatively higher. In these (sub)sectors, returns to investment in 
lobbying activities dominate returns from market activities and so indirectly 
support an anti-trade bias. A second factor is the so-called revenue motive of 
public policy. Tariff revenues and export taxes increase government revenues 
and improve their terms of trade while export and import subsidies do the 
opposite. Third, distortions (deadweight costs) and budgetary costs of policy 
intervention typically increase with higher supply elasticities (Gardner 1983; 
de Gorter, Nielson, and Rausser 1992). Sectors with higher supply elasticities 
(typically exports) will be subsidized less because it is more costly to do so and 
causes more distortions (Becker 1983; Gardner 1987). 

Fourth, policy instruments differ not only in deadweight costs but also in 
implementation costs. The most obvious explanation for the broad use of trade 
taxes (either import tariffs or export taxes) is that they are easiest and least 
costly to implement (Dixit 1996; Rodrik 1995). In many developing countries, 
tax-collection institutions are weakly developed and trade taxes (import tar-
iffs or export taxes) are often an important—or the only substantive—source 
of tax revenue. In this case governments have greater incentives to use to assist 
farmers. Fifth, policy instruments also differ in their “transparency,” the infor-
mation available concerning policies, and their incidence. Politicians have an 
incentive to use policies that hide their costs or use policies that obfuscate the 
transfer itself (Magee, Brock, and Young 1989). This obfuscation perspective 
helps explain why nonbudget methods of redistribution, such as tariffs, are 
politically preferable to direct subsidies. Sixth, governments may prefer dis-
tortionary policies, such as tariffs, when they have imperfect information on 
their target group or the amount of transfer needed (Foster and Rausser 1993; 
Mitchell and Moro 2006). The total transfers—even with deadweight costs—
may be lower than would be the case with direct (lump-sum) transfers when 
governments need to secure a minimum amount of political support. The 
combination of these political economy forces thus causes anti-trade bias. 

These political factors can be constrained if the counterpressure is strong 
enough—for example, by integrating them into international trade agree-
ments where (economic and political) costs and benefits can be weighed and 
compensated. In particular, the WTO has had a significant impact on the 
anti-trade bias and on policy instrument choice.
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Policy Reforms in the Late 20th and Early 21st Century

In past decades there has been a change in the trend of agricultural protec-
tion and in policy instruments for several high-income countries. In the sec-
ond half of the 20th century, for example, agricultural protection was high 
and coupled policies were the most important instrument in OECD countries, 
consistent with the strong anti-trade bias.3 For instance, in the 1990s the aver-
age producer support estimate (PSE) of OECD countries was 30 percent to 
35 percent, and the vast majority (more than 80 percent) of this support was 
in the form of coupled subsidies. Around the turn of the century, some impor-
tant policy reforms in OECD countries brought down both total support and 
the amount of trade distortions. By the mid-2010s the average PSE was below 
20 percent, and coupled support had fallen to around 50 percent (OECD 
2019). 

The implementation of GATT and the WTO have contributed impor-
tantly to policy reforms and to reducing the anti-trade bias in OECD coun-
tries (Swinnen, Olper, and Vandemoortele 2012). The collapse of Communist 
regimes and their distortive agricultural policies around the same period also 
contributed. In Eastern Europe and the former Soviet Union, economic and 
political liberalizations removed much of the heavy subsidies to farms that 
existed under the Communist regimes in the second half of the 20th century 
(Rozelle and Swinnen 2004). At the same time, developing countries have 
increased support to agriculture, primarily by reducing taxation of agricul-
tural exports (Anderson 2009). The dominance of trade policies remains but 
the anti-trade bias has declined in recent decades, mainly owing to macroeco-
nomic and trade policy reforms that reduced taxation of farmers and the anti-
trade bias in developing countries. These political economy changes are due to 
economic growth, structural adjustments, and changes in information costs 
and governance structures, as explained earlier.

Anderson Rausser, and Swinnen (2013, p. 7) concluded that “since the 
1980s, both the anti-agricultural bias in developing countries and the pro- 
agricultural bias in high-income countries have diminished and the two 
groups’ average rates of assistance to agriculture have converged toward zero.” 
This means that—rather that the divergence observed in the 1950s through 
the 1980s—there is now convergence in agricultural policies (see Chapter 13, 

3 “Coupled PSE” includes all policy transfers (such as tariffs, price support, and subsidies) directly 
linked (“coupled”) to agricultural production. These instruments are typically the most distor-
tive. The second group of instruments (“decoupled”) includes decoupled agricultural payments. 
These instruments are generally considered the least distortive.
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in this volume). The EU and China illustrate this convergence well. A signif-
icant factor in the overall decline in OECD country support was the reforms 
of the EU’s Common Agricultural Policy (CAP), which made up a substantial 
share of OECD farm subsidies. Both the level of EU subsidies and their dis-
tortions have significantly decreased since 1990. The 1994 Uruguay Round 
Agreement on Agriculture (URAA) of the GATT/WTO played a crucial 
role in this.4 Further major changes in policy instruments from market inter-
ventions to direct payments increased the visibility of the transfers, as they 
occupied a large share of the EU’s budget. This increased transparency of the 
transfers may have been an additional cause of reforms in the EU: over the 
past two decades, taxpayers have continuously pressured the EU’s leaders to 
reduce agricultural subsidies.

China is another fascinating case of the political economy of agricultural 
and food policies. China is currently spending around US$200 billion per 
year on subsidies to farmers—much more than any other country in the world 
(OECD 2017). This is a huge turnaround from the situation in the 1950s and 
1960s, when the Chinese countryside was characterized by hunger and pov-
erty due to a policy system that caused enormous inefficiencies and imposed 
heavy taxes on farmers. Over this period the Chinese government has shifted 
from taxing farmers to heavily subsidizing agriculture, and now China spends 
more on agricultural subsidies than any other country in the world. Not sur-
prisingly, this dramatic policy shift has coincided with a similar dramatic 
increase in incomes in China—as the development paradox principles would 
suggest. Economic growth in China, as in other countries, has coincided 
with an increase in the rural-urban income gap (Huang and Yang 2017). This 
growing inequality has induced the Chinese government to support farm 
incomes by a variety of market interventions and direct subsidies (Hejazi and 
Marchant 2017). 

As in the EU in the 1970s and 1980s, these interventions created large 
market distortions which, in combination with WTO constraints, induced a 
reform of Chinese agricultural subsidy programs from market interventions 
to direct subsidies that are less market distorting (Huang, Wang, and Rozelle 
2013). Hence albeit at different times and under vastly different political 
regimes, both China and the EU dramatically increased agricultural subsidies 
during times of rapid economic growth (in the EU after World War II and in 

4 The URAA appears to have had less impact on US agricultural policies. Nonetheless, the US 
administration has attempted to introduce policy reforms with an eye toward ensuring that 
many US agricultural subsidies are classified as “green box” (that is, non–trade distorting) 
under the WTO agreement (Orden, Blandford, and Josling 2010). 
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China since 2000). Both first installed distortionary policy systems and later 
reformed their agricultural subsidy systems to less distortionary policy instru-
ments; both capped their subsidy levels, after accession to the WTO. 

Price Shocks and Political Economy of Aid  
and Food Policy
With a brief exception in the early 1970s, when prices moved up after the first 
oil crisis, for the past 50 years global agricultural markets were characterized 
by relatively stable and low prices. Most of the global agricultural and food 
policy discussions focused on the reduction of taxes on farmers in developing 
countries and the removal of policies that subsidized farmers in rich countries. 
This changed with dramatic increases in food prices in the 2000s. Urban 
consumers across the world protested, and governments reacted rapidly to 
the price spikes. Many governments—particularly in developing and emerg-
ing countries—intervened to reduce the effect of the global food price spikes 
(Barrett 2014; Naylor 2014; Pinstrup-Andersen 2014). Governments used 
price and trade policies to counter global price movements and to insulate the 
domestic market from the international price spikes (Demeke, Pangrazio, and 
Maetz 2009).5 At the same time, food price spikes triggered media and policy 
attention to the broader issues of hunger and rural poverty.

Trading-Off Volatility and Distortions?

A key argument in favor of policy interventions to stabilize prices is that price 
volatility causes inefficiencies in demand and supply (FAO and OECD 2011; 
Prakash 2011; World Bank 2012). Unexpected price changes make it difficult 
for consumers and producers to make optimal decisions and reduces their con-
fidence in the market and investment. However, others criticized government 
interventions to insulate domestic markets from global price fluctuations for 
(1) being ineffective, (2) causing distortions in the economy, and (3) reinforc-
ing price fluctuations when food exporters reduced supply and food import-
ers increased demand (Anderson, Ivanic, and Martin 2013; Ivanic and Martin 
2014). 

5 For example, India suspended rice exports, and Russia and Kazakhstan banned wheat exports 
(Martin and Anderson 2011). Countries with significant food stocks refused to release these 
on global markets and hoarded them for domestic purposes (Timmer 2010). At the same time, 
food-importing countries removed policies that would increase domestic prices, and many 
introduced price regulations and other interventions to restrict price increases (see chapters in 
Barrett 2014; Naylor 2014; Pinstrup-Andersen 2014). 
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From a political economy perspective, there is nothing surprising in 
the way that governments have reacted to changes in world market prices. 
Government interventions to counter market fluctuations are a key “stylized 
fact” of agricultural and food policies induced by the political economy mech-
anism caused by the relative income hypothesis or loss aversions explained 
earlier in the chapter. Hence, even without taking into account possible addi-
tional benefits for consumers or producers from price stability, political mech-
anisms will induce governments to respond to international price increases by 
policy interventions that limit price rises on domestic markets by export con-
straints and vice versa through import tariffs when prices fall on the interna-
tional markets. To integrate benefits from price stability, Pieters and Swinnen 
(2016) derive a socially optimal distortions-volatility trade-off that takes into 
account both consumer and producer benefits from stability and produc-
tion and consumption distortions caused by deviations from the world mar-
ket price.6 However, they find that many countries’ policies during the past 
decade are far removed from the socially optimal distortions-volatility combi-
nations. Hence political motives were very important. 

Food Prices and Global Development Policy

The food crisis pushed food security and agricultural development from the 
bottom of the international development agenda toward the top of policy-
makers’ priority list.7 The price spikes of 2007 and 2008 led to urban pro-
tests and, in a number of cases, created political instability (Cohen and Garret 
2010; Maystadt, Tanb, and Breisinger 2014). This captured the attention of 
global policymakers and donors. As soon as urban protests reached the streets, 
international organizations reacted much like local politicians and paid a 
disproportionate amount of attention to the problems of urban consumers. 
Global mass media played an important role in drawing reactions and policy 
attention from international organizations and global policymakers (Guariso, 
Squicciarini, and Swinnen 2014). The price spikes, and the ensuing urban 

6 Their model is based on Barrett (1996); Bellemare, Barrett, and Just (2013); and Gouel and Jean 
(2015).

7 After the dramatic increase of food prices in 2006 and 2008, reports emphasized that high food 
prices have a devastating effect on developing countries and the world’s poor. Before, most 
reports argued that low food prices were hurting developing countries’ farmers and the poor 
(Swinnen, Squicciarini, and Vandemoortele 2011). Only a few studies initially pointed at the 
mixed effects of the high food prices on poverty and food security (for example, Aksoy and 
Hoekman 2010; Heady 2013; Verpoorten et al. 2013).
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consumer unrest, created major “media events.”8 Local media reports were 
picked up by international mass media, which paid a disproportionate amount 
of attention to the problems of urban consumers, compared to the long-run 
hunger and poverty problems among the rural population. 

Thus, while for many years experts pointed at the low level of investment 
in developing country agriculture as a source of poverty and food security, it 
was only after the “food crisis” that media attention increased and that policy-
makers worldwide put rural poverty and underinvestment in agriculture on 
their priority list and raised donor funding.9 The “food crisis” acted as a cat-
alyst of attention to long-standing issues related to food security and agri-
cultural production, which were made particularly salient by the fact that 
urban consumers—whose voice is typically heard the most by mass media and 
policymakers—were hit the hardest by the spikes in food prices (Swinnen, 
Squicciarini, and Vandemoortele 2011). What is remarkable is that, despite 
the fact that rural malnutrition and poverty of farmers and low agricultural 
productivity in developing countries has been a major problem for a long time, 
it may have been an “urban (consumer) crisis” that helped to put poor farmers’ 
situation on top of the agenda. Hence food price spikes may have succeeded 
where others have failed in the past: to put the problems of poor and hungry 
farmers on the policy agenda and to induce development policies and donor 
strategies to help them. 

The Political Economy of Food Standards
Production and trade are increasingly regulated by stringent public and pri-
vate standards on quality, safety, nutritional, environmental, and ethical as 
well as social aspects. An important critique is that standards are (nontariff) 

8 Media attention is typically concentrated around events or shocks (Swinnen and Francken 
2006). The agenda-setting effect of the media in international and aid policy has sometimes 
been referred to as the “CNN factor” (Hawkins 2002). A related factor is that the public at large 
is more interested in media reports concentrating on negative effects, the so-called bad news 
hypothesis (McCluskey and Swinnen 2004).

9 Between 2000 and 2005 the share of global overseas development aid (ODA) going to agri-
culture fell from 5 percent to 3.8 percent (OECD 2013), and the budget share in the UN sys-
tem going to agriculture (FAO) fell from 20.1 percent to 15.5 percent (Global Policy Forum 
2013). After the food crisis, donor funding reversed dramatically: between 2007 and 2011 the 
share going to agriculture (FAO) in the UN system increased from 15.2 percent to 22.2 percent, 
and the share of global development aid going to agriculture jumped from 3.7 percent to 
6.5 percent (Global Policy Forum 2013; OECD 2013). Oxfam and global agricultural research 
centers, under the heading of the CGIAR, also saw their funding increase strongly (Guariso, 
Squicciarini, and Swinnen 2014). 
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trade barriers. As trade agreements such as WTO have reduced tariffs, coun-
tries may use standards to shield their domestic markets from foreign compe-
tition (Anderson, Damania, and Jackson 2004; Brenton and Manchin 2002; 
Fischer and Serra 2000). Convergence (or not) of standards is at the heart 
of recent trade negotiations such as CEFTA (Central America Free Trade 
Agreement), TTIP (Transatlantic Trade and Investment Partnership), and 
so on.

Standards affect trade.10 However, the implicit comparison with tariffs 
in the trade debate is not entirely valid. In a small open economy the socially 
optimal tariff level is zero. A positive tariff level constrains trade, is harmful to 
social welfare, and is protectionist. But this is not necessarily the case for stan-
dards because this ignores the potential benefits of standards. If the standard 
reduces asymmetric information or externalities, there is no simple relation-
ship between the trade effects of a standard and the social optimum (Beghin 
2013; Marette 2014; Marette and Beghin 2010; Sheldon, 2012; Van Tongeren, 
Beghin, and Marette 2009). This result does not imply that there are no 
protectionist elements in standards setting. Standards can enhance aggre-
gate welfare by reducing asymmetric information or negative externalities 
but can also create rents for specific interest groups. Because of the distribu-
tional effects of standards, interest groups have a vested interest in influenc-
ing governments’ decisions on standards. When interest groups have differing 
lobbying strengths, the political equilibrium will generally differ from the 
social optimum.

The political equilibrium standard may be either too high or too low from 
a social welfare point of view. Influential lobby groups may push for both 
more stringent or less stringent standards depending on the relative magni-
tude of the price (demand) effect compared with the implementation cost 
(for producers) or the efficiency gain (for consumers) (Beghin, Maertens, and 
Swinnen 2015; Swinnen 2016). For example, if producers are more influential 
than consumers, overstandardization results when producers’ profits increase 
with a higher standard and in understandardization otherwise. Higher prof-
its for producers are more likely when the standard’s price (demand) effect is 
large and when the implementation cost is small. 

10 Only in very special circumstances do standards not affect trade: this is when the effect on 
domestic production exactly offsets the effect on consumption (Swinnen and Vandemoortele 
2011). 
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Development and Pro-Standard and Anti-Standard Coalitions

This political economy can explain the empirically observed positive relation-
ship between standards and economic development. First, and most obvious, 
higher income levels are typically associated with higher consumer preferences 
for high quality and safety standards as reflected in higher efficiency gains. 
Second, the quality of institutions for enforcement of contracts and public reg-
ulations is positively correlated with development. Better institutions imply 
better enforcement and control of standards. Although poor countries may 
have a cost advantage in the production of raw materials, the better institutions 
of rich countries lower the marginal increase in production costs caused by 
standards. Third, higher education and skills of producers, better public infra-
structure, easier access to finance, and so on also lower implementation costs. 
Fourth is the different organization and structure of the media in rich and 
poor countries. Mass media is the main source of information for many people. 
The cost of media information is higher and government control of the media 
is stronger in poor countries. Therefore, the media structure and information 
provision is likely to induce a more pro-standard attitude in rich countries than 
in poor, as increased access to media increases attention to risks and negative 
implications of low standards (Curtis, McCluskey, and Swinnen 2008).

In combination these factors are likely to induce a shift of the politi-
cal equilibrium from low standards to high standards with development. A 
pro-standard coalition of consumers and producers in rich countries results if 
consumers derive large efficiency gains from a standard, while producers incur 
only moderate increases in costs. In contrast, an anti-standard coalition may 
be present in poor countries if consumers are more concerned with low prices 
than with high quality (leading to small efficiency gains from a higher stan-
dard) while the implementation costs for producers may be large. Structural 
differences in information and media may reinforce the positive relationship 
between standards and development.

The Persistence of Standards: Dynamic Political Economics

Some of the most important political aspects of standards relate to their 
dynamic effects. Dynamic political economic aspects of standards can provide 
an explanation for different food standards in countries with similar levels of 
development, such as in the EU and the United States, and why such differ-
ences may persist.11 Once adopted, countries will tend to stick to the status 
quo in standards because implementation costs depend on existing standards 

11 See Swinnen et al. (2015) and Swinnen (2017) for more technical analysis and details.
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that resulted from past investments. Differences in standards between coun-
tries may persist because of this and trade may enforce this. The reason is that 
producer or consumer preferences may change in a dynamic way once the stan-
dard is introduced.12 

The standard will affect comparative advantages and will thus induce pro-
ducers to support maintaining the standard to protect them from (cheaper) 
nonstandard imports. Hence, although standards may have been introduced 
because of consumer demands, their persistence in the long run results from (a 
coalition of consumer and) producer demands. Hysteresis in standards there-
fore can be driven by protectionist motives even if the initial standards were 
not introduced for protectionist reasons. With these forces in play, standards 
and regulations often persist over long periods of time and their protection-
ist effects and inefficiencies may increase over time. Regulatory differences 
among countries may cause major conflicts over time as vested interests and 
industries, which have invested in adhering to these standards, will lobby gov-
ernments and international organizations to impose their own standards on 
foreign producers. 

That said, there are many examples of standards and regulations that 
have changed over time when their use—or their vested interests—weak-
ened (Vogel 2003). However, significant shocks to the political economy sys-
tem may be required for such changes—that is, to move the political economy 
equilibrium to another equilibrium given the dynamic political and institu-
tional constraints to overcome (Rausser, Swinnen, and Zusman 2012). Shocks 
may come from both internal and external sources. An internal source is when 
domestic crises affect food standards. For instance, the first wave of mod-
ern public food safety and quality regulations were induced in the late 19th 
century by public outrage of consumers over the use of cheap and sometimes 
poisonous ingredients in food production (Meloni and Swinnen 2013, 2015, 
2017). In the early 21st century, major changes in public food standards in the 
EU followed food safety scandals in the late 1990s, with consumers demand-
ing better protection and triggering new policies such as traceability through 

12 The case that producers have different preferences and consumers have the same is analogous. 
For example, Paarlberg (2008) and Zilberman et al. (2013) argue that consumers on both sides 
of the Atlantic tend to dislike GM technology, but agribusiness lobbying has been much more 
pro-GM in the United States. In the longer run it may be that as consumers live in different 
GM-food environments in the United States and the EU, they develop different preferences. 
Consumer attitudes with respect to biotechnology are likely to be endogenous. In countries 
where GM products are available, consumer preferences may shift in favor of this technology, 
while inversely consumers may distrust GM technology more in countries where GM products 
have been banned. 
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value chains (McCluskey and Swinnen 2011). The introduction of various 
public regulations in China in the late 2000s followed the “milk scandal” 
where people died from consuming milk products with poisonous ingredients 
(Mo et al. 2012). 

Another source of shocks is external. One example is the integration of 
countries with different standards through international agreements. This 
may either cause the removal of “inefficient standards” or the opposite: that 
inefficient standards are extended to other countries with international inte-
gration. In reality, both phenomena have been observed, often reflecting the 
bargaining power of the industries and countries where the (in-)efficient regu-
lations were in place before integration. 

GMOs, GIs, and Food Definitions

Three cases of public standards that have attracted wide attention in recent 
years and continue to do so are the cases of GMO regulations, GIs, and “food 
definitions.” All of these cases represent interesting mixes of private and pub-
lic interests and of changing political coalitions. Regarding GMOs, large agro-
chemical and seed companies as well as many NGOs have lobbied intensely 
to influence GM regulations around the world (Paarlberg 2001; Pinstrup-
Andersen and Schioler 2003; Vigani and Olper 2014). While various groups 
tried to influence GM policy, Graff, Hochman, and Zilberman (2009) argue 
that the US agribusiness industry was lobbying more pro-GM than the EU 
agribusiness industry. Some important GM products are competing with tra-
ditional agribusiness products, especially GM traits that substitute for pesti-
cides and insecticides. Because it threatened their traditional revenues, several 
large agropharmaceutical companies, such as Bayer and BASF, initially did 
not take a strong side in the debate—in contrast to, for example, US-based 
Monsanto, which lobbied strongly pro-GM. This created a very different 
political coalition in the United States than in the EU, contributing to a dif-
ferent regulatory outcome (Qaim 2009, 2016). 

Second, globalization has increased the links between consumers and pro-
ducers globally, but at the same time stimulated farmers to lobby for their 

“local products,” seeking a coalition with consumers interested in local foods. 
At the policy front this has resulted in regulations on geographical indica-
tions (GI)—an issue that has created significant tensions in trade negotia-
tions as the number of GIs has grown rapidly over the past 20 years, initially 
especially in the EU but now growing worldwide, and are an increasingly 
important item in trade negotiations (Josling 2006; Huysmans and Swinnen 
2019; Raimondi et al. 2020). An interesting related issue is how organizations 
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representing environmental interests will reinforce the “local products” coali-
tion by pointing at the environmental costs of trade and global sourcing. 

Third, another case of how standards may reduce information asymme-
tries and transaction costs but also protect vested interests, are the regulations 
that define specific foods. Historical cases include the definition of “wine” 
(first in France and later in the EU) and of “chocolate” in the late 19th and 
early 20th centuries, which had major implications for international trade in 
these food products a century ago and continues to affect trade and consump-
tion patterns today (Meloni and Swinnen 2013, 2015, 2017). An interesting 
recent case is the definition of “meat” with technological advances and chang-
ing consumer preferences. As plant-based “meat” products have grown rap-
idly in recent years, US livestock farms have lobbied for regulation to prohibit 
companies from using words such as “meat,” “burger,” “sausage,” and so on 
unless the product came from an animal. However, they face opposition from 
a coalition of new plant-based “meat” companies and large food companies 
that have invested in them.

The Political Economy of Public Investments  
and Compensation 
There is relatively little research on the political economy of public goods and 
investments in agriculture. Two exceptions are the political economy of land 
reforms and of public investment in agricultural research.13 Public invest-
ments in research are an important source of productivity growth (Alston 
and Pardey 2013; Alston 2017). Studies document high social rates of return 
to public agricultural research investments but also that there is significant 
underinvestment in research in both poor and rich countries (Huffman 
and Evenson 1992; Ruttan 1982). One political economy explanation of the 
underinvestment by governments is spillover effects (or externalities) in a pol-
icy environment where government research investments in one country affect 
other countries.14 

13 For a review of the political economy of more general public investments in agriculture, see 
Mogues (2015). The discussion about investment in agricultural research in this chapter is use-
ful to understand the analysis of agricultural research in Chapter 21 of this volume. 

14 Studies have also argued that benefits of public investments in agricultural research are overes-
timated because of deadweight costs of taxation (Fox 1985), terms of trade effects (Edwards and 
Freebairn 1984), the effects on unemployment (Schmitz and Seckler 1970), the increase in the 
deadweight costs of existing commodity policies (Alston, Edwards and Freebairn 1988; Murphy, 
Furtan, and Schmitz 1993), or because they ignore private research and because of lags in the 
effects of research (Alston and Pardey 1996). 
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Research has both public and private good characteristics, as some of the 
benefits of research expenditures can be captured by specific groups, while 
other results spill over to other groups or countries (Cornes and Sandler 1986). 
This affects governments’ incentives to invest in research. Spillover effects 
can thus induce free-riding behavior by governments. Governments in one 
country will invest less than optimal since they pay for all the costs while 
part of the benefits are reaped by other countries. Or, inversely, governments 
may think that they can reap (some of) the benefits from other countries’ 
investments without having to bear the (full) costs of research investments 
(Huffman and Miranowski 1981; Khanna, Huffman, and Sandler 1994; 
Rose-Ackerman and Evenson 1985).

A different political economy explanation draws on the distributional 
effects of public investments (Baland and Kotwal 1998; de Gorter, Nielson, 
and Rausser 1992; de Gorter and Zilberman 1990; Rausser 1992). Although 
society as a whole may gain from public investments, different groups in soci-
ety may have different preferences, depending on how it affects their personal 
welfare. They will prefer the government to choose their private optimum 
level of research and will negatively react to the government’s choice if this 
diverges from their private optimum. If some groups oppose public invest-
ments because of income distribution effects, governments will underinvest in 
public goods as they balance the political costs and benefits of diverging from 
the social optimum.

For example, public investments in research have contributed to the dra-
matic increase in productivity of agriculture during the 20th century. This 
productivity increase contributed to the long-term decline in agricultural 
prices. Although this benefited food consumers, it put pressure on farm 
incomes (Alston 2017; Ruttan 1982). Coauthors de Gorter and Swinnen 
(1998) show that in general with unequal income distributional effects a gov-
ernment maximizing political support will underinvest in public research, 
both in rich countries and in poor countries. Gardner (1987) and Oehmke 
and Yao (1990) indeed find that underinvestment occurs if farmers gain rela-
tively less from research. 

Policy Interactions

So far this chapter has analyzed the political economy of various policies 
in isolation, meaning as if there were no other policies. However, in real-
ity, many public policies exist simultaneously and may interact with each 
other. One can distinguish between “economic interaction effects” (EIEs), 
which arise if one policy affects the distributional and welfare effects of other 
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policies, and “political interaction effects” (PIEs), which occur when one pol-
icy affects the political incentives of governments to introduce or change 
other policies. 

One form of (positive) EIE is when combined reforms reinforce the (ben-
eficial) impacts of separate policy reforms. For example, in the reform strate-
gies in China and Eastern Europe in the 1990s, land reforms and privatization 
strategies provided new opportunities and better incentives for farmers, while 
at the same time distortionary price and market policies were reduced or 
removed. In these cases, both policy reforms combined to improve efficiency. 
An example of (negative) EIEs is the interaction between public agricultural 
research and commodity policies that regulate agricultural prices or produc-
tion. Agricultural research increases productivity and may cause an increase 
in distortions of existing regulations. Under some conditions the research 
benefits may be outweighed by increased distortions (Alston, Edwards, and 
Freebairn 1988; Murphy, Furtan, and Schmitz 1993; Swinnen and de Gorter 
1993). 

An example of PIEs is the use of agricultural policies for compensation 
purposes. Compensation is an important element in the political economy of 
policy reform or public investment (Rausser, Swinnen, and Zusman 2012).15 
Reforms to a more efficient policy almost always imply gains for some groups 
and losses for others. Similarly, building a road may lead to major gains in 
rural development but may hurt those who have to move to allow the con-
struction of the road. If the gains outweigh the losses, it is socially optimal to 
implement the reforms or make the investment since the gains of those who 
win are more than sufficient to compensate the losers. There are numerous 
empirical examples of “policy packages” that include compensation for cer-
tain groups. They are a traditional part of multiannual agricultural policy 
decision- making both in the EU and in the United States.

An important problem with compensation, however, is the credible imple-
mentation of such schemes. Those who lose from reform may oppose the 
reforms if they expect that (full) compensation will not take place. The lat-
ter may be the case when governments lack the credibility to effectively pro-
vide compensation when the reform effects emerge (Acemoglu and Robinson 
2006; Swinnen and de Gorter 2002), when governments only offer partial 

15 Trade policy reform and compensation have a long history in the economics literature, going 
back to the early analyses of Adam Smith and David Ricardo. A crucial element in the argu-
ments on the optimality of free trade are that the gains of the winners of trade liberalization are 
more than sufficient to compensate the losers of reform, an issue that has clearly become highly 
relevant again in recent years with discussions on the gainers and losers from globalization.
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compensation to mitigate political opposition sufficient to get the reforms 
through (Foster and Rausser 1993), when local institutions prevent the cre-
ation of effective compensation schemes (Swinnen 1997), or when there is 
uncertainty on the effect of the reforms—and thus on who will be the losers 
and gainers of the reforms (Fernandez and Rodrik 1991).  

The inability of governments to credibly commit to compensate groups 
that are adversely affected is a prime cause of underinvestment in public goods 
or of failures to implement aggregate welfare improving policies more gener-
ally. An important question is therefore how to design mechanisms that con-
strain policymakers, to bring the discretionary political equilibrium closer 
to the social optimum. The creation of institutions that make policy reversal 
more difficult enhances the credibility of policymakers to commit to future 
compensation. Examples of such institutions are independent central banks 
for monetary policy or international trade agreements that impose constraints 
on government policies in agriculture and food. Another example is the role 
that the WTO has played in preventing the return to agricultural protection-
ism in recent years during periods of price fluctuations. 
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GENDER, HOUSEHOLD BEHAVIOR,  
AND RURAL DEVELOPMENT

Cheryl Doss and Agnes Quisumbing

Our understanding of decision-making within rural households has changed 
substantially since interest in intrahousehold decision-making emerged in the 
1980s. Conventional wisdom, rooted in the unitary theory of the household, 
held that households are groups of individuals who have the same preferences 
and fully pool their resources (Becker 1981). Accumulating empirical evidence 
has shifted this concept of the household in which households decide “as one” 
to a “collective” model in which individual household members may have dif-
ferent preferences, may not completely pool resources, and may bargain over 
outcomes in both production and consumption (Haddad, Hoddinott, and 
Alderman 1997). 

Much of the literature on gender and agriculture since the late 1990s has 
contributed to the empirical evidence supporting the collective models of the 
household. These have included studies showing differential propensities to 
spend out of income controlled by men or women (for example, Hoddinott 
and Haddad 1995); differential effects of men’s and women’s assets on con-
sumption (Doss 2006), household expenditures, and schooling (Quisumbing 
and Maluccio 2003); incomplete sharing of risk within the household (Doss 
2001; Goldstein and Udry 2008); and inefficiency of resource allocation on 
plots managed by men and women (Udry 1996). These findings have influ-
enced the design of programs that targeted women, such as conditional 
cash-transfer programs, which have in turn generated a large pool of evidence 
that economic transfers controlled by women are associated with investments 
in child schooling, health, and nutrition (see the systematic review by Yoong, 
Rabinovich, and Diepeveen 2012). 

Although this transition has provided important insights into how we 
understand rural households, it misses key elements of household dynamics. 
Even if household members do not completely pool resources, the fact that 
they form households and share ownership and control over some resources, 
work on family farms, produce output jointly, have and raise children together, 
and share in some consumption indicates that there are gains to jointness in 
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gender and family dynamics (Fafchamps and Quisumbing 2008; Doss and 
Meinzen-Dick 2015). Understanding both individual roles within households 
and the levels of cooperation or jointness is essential to analysis of households, 
especially in rural areas where households engage in both production and 
consumption. 

This chapter reviews recent conceptual and empirical developments regard-
ing household behavior and gender norms in developing countries covering 
the following general topics: (1) What do the data tell us about gender gaps in 
control and ownership of resources? (2) What have we learned about jointness 
in household behavior? (3) What do the data tell us about the resources that 
men and women control, whether solely or jointly? (4) Why does it matter? 

Household Behavior: Beyond Individual Threat 
Points to Cooperation
Early work on household decision-making (Becker 1981) treated the house-
hold as the decision-making unit.1 Analytically, this assumes either that all 
household members have the same preferences, pool all resources, and agree 
on all decisions, or that one household member makes the decisions for every-
one. Although these models have been enriched by including both production 
and consumption, as in the agricultural household model (for example, Singh, 
Squire, and Strauss 1986), which treats these decisions as recursive (house-
holds first decide how much to produce, then allocate what is produced across 
public and private household goods), most of them relied on the assumption 
of the unitary household. The women in development literature provided ini-
tial evidence that households did not necessarily make joint decisions and 
that men’s and women’s roles and responsibilities impacted production deci-
sions.2 While this literature initially focused on demonstrating that ignoring 
gender roles could result in inefficient outcomes for projects, it also had impli-
cations for understanding how gender roles and power dynamics shape house-
hold decisions. Studies of agricultural commercialization and nutrition drew 
attention to the possibility that potential losses of control of women’s income 
would have detrimental effects on nutrition (von Braun and Kennedy 1994) 
and led to increased interest in resource allocation within households. 

1 This section draws heavily on Doss and Meinzen-Dick (2015).
2 See the edited volume by Dwyer and Bruce (1988). 
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The increased attention to intrahousehold outcomes occurred in paral-
lel with the development of the collective model of the household. All collec-
tive models of the household have two common features: they allow different 
decision-makers to have different preferences and do not assume a single 
household welfare index or utility function (Chiappori 1992). Much of this 
literature uses a game theoretic framework and begins with the assumption 
that the household will reach an efficient outcome. Thus the household could 
not produce more simply by reallocating labor or other resources, and goods 
and services could not be reallocated across household members to make at 
least one better off without making anyone worse off. Assumptions that pref-
erences differ by gender allow tests of how men’s and women’s bargaining 
power affects outcomes. 

In cooperative bargaining models, a subset of the collective models, each 
individual is defined as having an outside option or a “threat point.” This is 
the amount of resources that they could access if they were not part of the 
household. Each individual must obtain at least their outside option within 
the household or they will leave. Depending on the context, “leaving” could 
involve divorce or desertion, or it could involve simply opting out of pool-
ing resources and making joint decisions. The important policy insight from 
these models is that outside options affect household resource allocation. For 
example, women’s wages, such as in public works programs, affect house-
hold resource allocation, even in households where women are not employed. 
Changes in laws governing men’s and women’s property rights and transfer 
programs, particularly those targeting specific household members, all change 
the outside options of individuals. 

Studies have tested the collective model of the household in develop-
ing countries, using various proxies for women’s bargaining power within 
the household including education, assets, and family background (for over-
views of the literature, see Schultz 2003; Quisumbing 2003; Fafchamps and 
Quisumbing 2008). Although endogeneity problems often make it difficult 
to establish causal relationships, there is increasing evidence that women’s bar-
gaining power affects the outcomes of household decisions. Impact evalua-
tions of conditional cash-transfer programs implemented in the late 1990s and 
beyond provided additional evidence that resources controlled by women had 
differential impacts on household decisions, particularly those related to child 
health and education (Yoong, Rabinovich, and Diepeveen 2012).

In contrast, noncooperative bargaining models do not assume that 
resources are pooled and explicitly allow for outcomes where potential gains 
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from cooperation have not been realized. Individuals may act strategically; 
each individual makes separate but interrelated production and consump-
tion decisions based on his or her own preferences and interests and expecta-
tions of what others will do. Many studies find outcomes that are consistent 
with noncooperative bargaining models. Jones (1983) found that women 
contributed less than optimal amounts of labor to household rice produc-
tion, preferring to produce lower-value sorghum, since women felt that they 
were not adequately compensated within the household for their work on 
irrigated rice fields. Udry (1996) found that total household crop yields 
could have been increased by shifting fertilizer from men’s fields to women’s 
fields. McPeak and Doss (2006) found that male household heads among 
East African pastoralists located the household farther from town to limit 
women’s milk marketing. Experimental games, in particular, have identified 
strategic behavior between spouses (Ashraf 2009), couples making choices 
that do not maximize surplus (Iversen et al. 2010), and that outcomes dif-
fer depending on the process through which income was acquired (Dasgupta 
and Mani 2013).

Bargaining models, however, typically formulate threat points as individ-
ual threat points—resources that the individual can control upon leaving the 
union—and most often focus on individually consumed goods (or leisure) 
rather than joint production or consumption of the public good. Yet the exis-
tence of public goods and economies of scale in household production are 
two reasons that households form. And the reality is that all over the world, 
men and women work together on family farms. Even if some plots may be 
solely managed by the man or the woman, there is joint production and man-
agement of at least some of the household’s land, men’s and women’s labor 
are applied on each other’s plots, and children are very often raised jointly by 
their parents.

The focus on individual control or ownership of resources may lead us 
to neglect the possibility that individuals within households may engage in 
some resource-pooling and risk-sharing, even if incomplete. A recent study on 
Malawi by Josephson (2016) tests the assumption that all household income 
is pooled, accounting for joint income, as well as income earned individu-
ally by men and women. Exploiting the variation in expenditure by different 
income earners resulting from exogenous variation in rainfall, she finds that 
household members partially insure one another for expenditure on essential 
goods (such as food, clothing, education, and healthcare) but do not insure 
one another for luxury goods, including cigarettes and alcohol, recreation, and 
housing and utilities. Interestingly, she finds that households in matrilineal 
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areas of Malawi completely pool income and fully insure one another against 
income variation, while households in nonmatrilineal areas do not. This 
societal difference is not driven by the sex of the household head: female-
headed households do not behave differently from those headed by men. She 
concludes that societal structures play an important role in intrahousehold 
income allocation. 

Quisumbing, Kumar, and Behrman (2018) use panel data to examine 
whether shocks affect men’s, women’s, and jointly held assets differently in 
Bangladesh and Uganda. Across countries, covariate and idiosyncratic shocks 
have different effects on solely and jointly owned assets. Jointly held land and 
assets were better insured against food price increases in Bangladesh, unlike 
jointly held assets and wives’ assets in Uganda. Similar to Josephson’s findings 
on societal structures, Quisumbing, Kumar, and Behrman (2018) posit that 
differences in the institution of marriage and cultural concepts of joint and 
individual ownership affect the extent to which joint or individually owned 
assets are used to cope with shocks. In Bangladesh the results that show gener-
ally insignificant impacts on joint land and asset holdings—while individual 
assets are sacrificed at the margins—indicate that husbands and wives try to 
preserve the economic base of the household unit. In contrast, in Uganda hus-
bands’ assets appear better insured than wives’ or even joint assets.

Most of the intrahousehold bargaining literature focuses on the relation-
ships within a couple. This work has expanded to also consider the dynam-
ics within polygynous households, especially regarding production efficiency 
(Akresh, Chen, and Moore 2016; Kazianga and Wahhaj 2013), cooperation 
(Barr et al. 2019), potential impacts of transfer programs on intimate partner 
violence (Heath, Hidrobo, and Roy 2020), and the dynamics between par-
ents and children, especially in the context of migration (Cong and Silverstein 
2011; Ambler 2016).

Research is beginning to explore the circumstances under which house-
holds cooperate and the circumstances under which there are gains to coop-
eration. Some of this research is inspired by work on collective action and 
natural resource management (see an extensive review in Doss and Meinzen-
Dick 2015), by more detailed data that are better able to identify sole and joint 
asset ownership, and by findings from impact evaluations. Work by Barr et al. 
(2019) explores decision-making and cooperation within polygynous house-
holds; as cash-transfer programs expand to Africa, impact evaluations are 
also paying more attention to the implications of polygyny on the design and 
implementation of those programs (Heath, Hidrobo, and Roy 2020). We dis-
cuss emerging findings below.
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What Do the Data Tell Us about Gender Gaps  
and Joint Ownership?
The shift to collective and bargaining models of the household resulted in 
a focus on the individual level. Slowly, large-sample household surveys have 
begun to collect more sex-disaggregated data. For agricultural household sur-
veys this often includes information on ownership and management of plots 
within the household, information on the ownership of agricultural and other 
assets, and questions on who is involved in decision-making, regarding both 
production and consumption decisions. These data have facilitated both gen-
der analyses and intrahousehold analyses, and have revealed the extent of gen-
der gaps in the ownership and control of resources.

Gender Gaps

Although there are wide regional and country variations, most data sources 
show that there are persistent gender gaps in the ownership and control of 
land and assets (FAO 2011; World Bank 2011). Gender gaps have been docu-
mented across resources such as land (Lastarria-Cornhiel et al. 2014; Doss et 
al. 2015; Kieran et al. 2015; Deere and Leon 2003), assets (Deere et al. 2012; 
Doss et al. 2014), nonland inputs (Peterman, Behrman, and Quisumbing 
2014), credit (Fletschner and Kenney 2014), and extension services (Ragasa 
2015). In land, arguably one of the most important assets for rural households, 
analysis of nationally representative datasets in Africa south of the Sahara and 
Asia shows that men own a much larger proportion of household agricultural 
land than women do (Table 15.1), although a considerable proportion of land 
is also owned jointly. 

Similarly, an analysis of housing and livestock data from surveys designed 
specifically to examine gendered assets ownership in Ecuador, Ghana, and 
Karnataka, India, finds that individual men are much more likely to own the 
principal residence as well as large and small livestock than women (Doss et 
al. 2011). The one exception is in Ecuador, where individual women are more 
likely than individual men to own their residence. This reflects the joint mar-
ital property regime in Ecuador, which attributes all property acquired during 
the marriage jointly to the husband and wife. Thus married men own their 
residence jointly with their wife, and fewer single heads of household who are 
men own a residence compared with those who are women. Only in Ecuador 
are individual women more likely than individual men to own any form of 
livestock and that is only for small livestock and poultry. 

There is also evidence that gender gaps in schooling, historically favoring 
men, have begun to close. The World Bank (2011) estimates that gender gaps 
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in primary education have closed in almost all countries. In secondary educa-
tion these gaps are closing rapidly and have reversed in many countries, espe-
cially in Latin America, the Caribbean, and East Asia—but it is now boys 
and young men who are disadvantaged. Among developing countries, girls 
now outnumber boys in secondary schools in 45 countries, and there are more 
young women than men in universities in 60 countries.

Joint Ownership

While the data reveal striking patterns of gender differences, they also reveal 
that property is often owned jointly, although the patterns differ widely across 
countries and assets. Table 15.1 shows a high proportion of agricultural land 
owned jointly; in Uganda 48 percent of agricultural land is owned jointly. In 
five of the eight countries in Africa and Asia for which data is available, more 
land is owned jointly than owned by women. Similarly, Table 15.2 shows 
that, in Ecuador, among households that owned their principal residence, 
41 percent of the time it was owned jointly by the couple. Deere, Alvarado, 
and Twyman (2012) analyzed data from nationally representative surveys 
in Latin America and found wide variations in the extent of joint owner-
ship.3 Among households owning their home, the percentage of households 

3 These data were all from nationally representative household surveys collected between 2000 
and 2005. See Deere, Twyman, and Alvarado (2012) for details. 

TABLE 15.1 Share of household agricultural land area held by women, men, and jointly by 
both (%)

Country (date) 
Definition of 
ownership Women Men Joint

ethiopia (2011–2012) registered 15 45 39

malawi (2010–2011) owned 40 42 18

niger (2011) owned 9 62 29

nigeria (2010) right to sell  
(use as collateral)

4 87 9

tanzania (2010–2011) owned 16 44 39

uganda (2009–2010) owned 18 34 48

Bangladesh (2011–2012) documented 10 88 2

timor-leste (2007) land manager 12 88 n.a.

tajikistan (2007) owner 14 86 n.a.

viet nam (2004) owner 72 15 13

Source: doss et al. (2015); Kieran et al. (2015). 
Note: n.a. = not applicable
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reporting joint ownership was very low in Central America (2.5 percent in 
Guatemala; 3 percent in Honduras; 6.3 percent in Nicaragua) and in Paraguay 
(3.5 percent), Chile (3.4 percent), and Mexico (3.3 percent). In other areas 
it was much higher: 15.9 percent in Panama, 40.7 percent in Argentina, and 
41.3 percent in Ecuador. 

For livestock, Table 15.2 indicates that it is common for livestock to be 
owned jointly in Ecuador and that in Karnataka the majority of respondents 
indicate that livestock is owned by everyone in the household. These data 
are all based on reports of ownership from one respondent in household sur-
veys. Typically the respondent is the head of the household or the person who 
claims to be most knowledgeable. Yet evidence suggests that the responses to 
a variety of survey questions depend on who is providing the answers. These 
include questions about income (Fisher, Reimer, and Carr 2010), financial 
information (Fletschner and Mesbah 2011), and labor force participation 
(Badarsi et al. 2011). Data experiments conducted in Uganda, using an exper-
imental design to identify the impacts of the choice of respondent(s) on pat-
terns of asset ownership (Kilic and Moylan 2016), find differences in the 
reported patterns of asset ownership, depending on which household member 
was interviewed, whether multiple household members were interviewed, and 
whether respondents were asked about only their own assets or about those of 
all household members.

TABLE 15.2 Distribution of asset ownership, by form of ownership (%)

Asset Country
Individual 
woman

Individual 
man Couple Household Other

principal residence ecuador 30 16 41 5 9

Ghana 25 51 11 0 13

Karnataka 23 64 4 0 9

large livestock ecuador 10 48 27 12 2

Ghana 8 84 1 2 5

Karnataka 3 5 5 85 2

small livestock ecuador 34 18 28 18 2

Ghana 29 61 4 3 2

Karnataka 3 5 6 84 2

poultry ecuador 43 7 28 20 2

Ghana 34 55 5 5 1

Karnataka 10 7 7 75 0

Source: Based on doss et al. (2011).
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Analysis of the Bangladesh Integrated Household Survey finds that hus-
bands and wives provide different answers about whether the household owns 
any agricultural land in 4.5 percent of households, and of those households 
that agree that land is owned, the spouses report the same answer for who 
owns most of the agricultural land in only 83 percent of households (Ambler 
et al. 2021). One reason for the discrepancy is that women are more likely 
than men to include others as owners. In other words, men will report that 
they own the land individually, while women report that it is owned jointly. 
Thus the analyses discussed earlier might suggest higher patterns of joint own-
ership if women were the ones responding. 

A second challenge in analyzing data on joint ownership is that “joint” 
doesn’t necessarily mean “equal.” Evidence from both Uganda and South 
Africa finds that wives have fewer rights than their husbands over land that 
is reported as jointly owned (Jacobs and Kes 2015; Doss, Meinzen-Dick, and 
Bomuhangi 2013). Little quantitative data is available to analyze these issues. 
Even if surveys ask about joint ownership, they don’t follow up with ques-
tions that would provide insights into what that means. Qualitative fieldwork 
may be useful for understanding the rights held by joint owners. The litera-
ture is still quite unclear on whether joint or individual ownership is better for 
women and what “better” might mean.4 Women’s property rights are embed-
ded in the household and community; depending on the particular context, 
women may prefer individual or joint rights. Laws and norms identifying all 
property of married couples as being jointly owned will typically give married 
women claims to a larger amount of property than if they simply own some 
property individually. However, joint property rights may make it more diffi-
cult for women to leave abusive relationships, since it may be more difficult to 
retain their property. 

Joint Decision-Making 

Analyzing women’s role in household decision-making has a relatively long his-
tory. The Demographic and Health Surveys have collected decision- making 
questions routinely for many years and these data are often used in analyses 
of outcomes related to the well-being of both women and children. Similar 
questions are now incorporated in many other large sample surveys. Many 
agricultural surveys have now incorporated questions about who decides 
with regard to choice of crops, use of inputs, and what to do with the output. 

4 See Jackson (2003) and Agarwal (1994) for two different perspectives on this. 
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Decision-making within the household is used as an indicator of women’s 
agency, women’s empowerment, and women’s bargaining power. 

The DHS asks who usually makes decisions about six different areas, 
including contraception, expenditures, healthcare, and visits to family. The 
answers are typically coded as respondent, spouse, joint, or someone else. 
Most of the analyses using these data either combine the respondent and joint 
responses (Acharya et al. 2010) or treat them as hierarchical, with women 
making the decision alone as demonstrating the most decision-making power, 
and thus the most empowerment, followed by joint decision-making, with the 
woman not being involved as indicating the lowest level of empowerment. The 
questions may be framed in different ways. The DHS asks who usually makes 
decisions. Other surveys ask who has the final say. Other surveys simply ask if 
the woman participated in the decision. There is no consensus on which set 
of questions is best. However, these questions do not consider the processes of 
decision-making nor the issue of whether there is conflict or agreement within 
the household about what the decision should be. It is quite different to claim 
to be the one with the final say when you disagree with your spouse about the 
outcome than when you share the same preferences.5 In addition, the reasons 
for why the decisions are made by a particular person may affect the outcome. 
If the man makes all of the agricultural decisions because he is running the 
farm while his wife is running another business, the implications may differ 
from a situation where she contributes much of her labor to the farm. 

Surveys that allow options for reporting joint decision-making frequently 
find a relatively high proportion of decisions being made jointly. In a sample of 
couple households in Ecuador, Twyman, Useche, and Deere (2015) find that 
63 percent of cultivation decisions and 50 percent of the input decisions are 
made jointly. They also find that the reporting differs depending on whether 
you interview a man or a woman. Similarly, in Tanzania, Anderson, Reynolds, 
and Gugerty (2017) find statistically significant differences in responses 
regarding wives’ authority in making agricultural decisions, although the 
magnitudes of the differences are small. In Ecuador, Alwang, Larochelle, and 
Barrera (2017) randomized who was interviewed about agricultural deci-
sions, interviewing only a man, only a woman, and interviewing both within 
a household (interviews were separate, but they knew the other would be 
interviewed). Men were more likely to claim that they were solely responsible; 
women claimed some responsibility for themselves and also were more likely 
to say that the responsibilities were joint. 

5 These issues are discussed in much more detail in Donald et al. (2020). 
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Although households may make some decisions jointly, it is also impor-
tant to recognize that household members may behave strategically with 
regard to resources and information. The experimental evidence on this is 
growing. Ashraf (2009) finds that the financial choices of married individ-
uals vary depending on whether their choices are private or observable and 
whether spouses are encouraged to communicate as part of the savings choice 
experiment in the Philippines. In Uganda there is evidence of couples mak-
ing choices that do not maximize surplus (Iversen et al. 2010); Dasgupta 
and Mani (2013) find that the process through which income was acquired 
affects outcomes. And finally, Ambler (2015) finds strategic behavior on 
remittance decisions in transnational households and the amounts of remit-
tances vary based on the extent of the information between the migrant and 
the recipient. 

Research on decision-making in polygynous households has lagged behind 
that focusing on spousal pairs. Yet the high incidence of polygyny in Africa 
south of the Sahara, with more than 40 percent of women in polygynous 
marriages (Barr et al. 2019), particularly in West Africa, demands that close 
attention be paid to this more complex household structure. Barr et al. (2019), 
using a series of public goods games in Kwara, Nigeria, find that in compari-
son to monogamous couples, polygynous husbands and wives are less cooper-
ative with each other and that co-wives are least cooperative with each other. 
In contrast, in another study using observational data, Damon and McCarthy 
(2019) find that jointly managed plots in polygynous households in Malawi 
have higher yields and higher crop values than either men’s plots in polygy-
nous households or plots in monogamous households. Although the two stud-
ies do not study the same outcomes in the same context, it is clear that these 
findings are context-dependent and that it would be unwise to assume that 
polygynous households in different societies behave alike. Research on the 
institution of polygyny is an important area of future work, particularly in 
relation to the design and implementation of development programs. Heath, 
Hidrobo, and Roy (2020), for example, find that a cash-transfer program in 
Mali, where transfers were given to household heads, who were mostly male, 
significantly reduced intimate partner violence in polygamous households but 
had limited effects in monogamous households. They attribute the differen-
tial impact among polygamous households to reductions in men’s stress and 
anxiety in polygamous households and larger reductions in disputes in polyg-
amous relative to monogamous households. We have very little evidence on 
how other programs may differentially affect households with complex struc-
tures; this is a promising area of future work.
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Why Understanding Household Behavior— 
and Jointness—Matters
Myths and assumptions regarding rural household behavior can be barriers 
to reducing poverty and achieving desired development outcomes. In this sec-
tion we discuss the consequences of assuming that households act in a uni-
tary manner, the unintended consequences of targeting women only, and the 
potential benefits to recognizing areas of joint and individual ownership and 
action in rural households.

Consequences of Assuming a Unitary Model  
of Household Behavior

In their 1997 book, Haddad, Hoddinott, and Alderman list four types of 
policy failures that may arise if policymakers use the unitary model of the 
household as their basis for policy prescriptions: (1) differences in the effect 
of public transfers, depending on the identity of the recipient; (2) the possibil-
ity that nonrecipients of the transfer may compensate for the transfer, thereby 
negating the intention of the transfer; (3) implications of targeting only one 
household member for information because of the assumption that infor-
mation, like other resources, is shared within the household; and (4) most 
important, disabling policy instruments that could be brought to bear on 
development problems. The authors argue that the unitary model predicts 
that household behavior can be changed only by changes in prices and house-
hold incomes. 

In contrast, collective models posit that a large range of policies can be 
used to affect household allocation outcomes, such as changes in access to 
common property resources, credit, public works schemes, and legal and insti-
tutional rights. Policymakers have used the findings from early research on 
intrahousehold issues by designing programs that aim to change household 
behavior, such as the conditional cash-transfer programs in Latin America 
(now all over the world), most of which designate the mother as the transfer 
recipient (see the edited volume on the Latin American experience by Adato 
and Hoddinott 2010 and the systematic review of programs transferring eco-
nomic resources to women by Yoong, Rabinovich, and Diepeveen 2012). 

The assumption that resources are completely pooled has been used to 
justify the lack of attention to closing gender gaps in resources. Yet, as gen-
der gaps are documented, and as evidence accumulates about the nonpooling 
household, more estimates of the costs of gender gaps have become avail-
able. FAO (2011) estimated that if women had the same access to productive 
resources as men, they could increase yields on their farms by 20 percent to 
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30 percent, potentially raising total agricultural output in developing coun-
tries by 2.5 percent to 4 percent, which could reduce the number of hungry 
people in the world by 12 percent to 15 percent. Although these estimates are 
plausible and attracted attention to the potential costs of the gender gap in 
agriculture, these numbers were calculated using the estimated production 
functions for women assuming that they used the same levels of inputs as the 
men. They are not the result of programs that provide men and women with 
equal levels of inputs, such as a randomized controlled trial (Doss 2017). They 
do not account for the endogeneity of input application nor ways to feasibly 
increase input application by women. 

More recently, estimates of the costs of gender gaps in access to resources 
have been further refined using data from the World Bank’s Living Standard 
Measurement Study–Integrated Survey of Agriculture and Kitagawa-Oaxaca-
Blinder decomposition analysis in six countries in Africa south of the Sahara 
(Kilic, Winters, and Carletto 2015). 

These results are summarized in World Bank and ONE Campaign (2014) 
and reproduced in Table 15.3. The value of total crop output per hectare is 
compared across plots managed by men and women. Analyses from six coun-
tries (Ethiopia, Malawi, Niger, Nigeria [analyzed separately for northern and 
southern Nigeria], Tanzania, and Uganda) find statistically significant gen-
der gaps in productivity for all but northern Nigeria and Tanzania when sim-
ply comparing the differences in value of output. Controlling for plot size 
and geographic factors, the gender differences generally increase rather than 
decrease. In Niger the gender gap increases from 19 percent to 66 percent. 
While the gap loses statistical significance in southern Nigeria, a gender gap 
of 46 percent results in northern Nigeria. Doss (2017) points out that one 
reason for these dramatic differences is that women, on average, have smaller 
holdings than men. Given the inverse relationship typically found between 
farm size and productivity, since women have smaller farms, they would be 
expected to have higher productivity per unit of land than men. For Malawi, 
Niger, Nigeria (both northern and southern), and Uganda, after account-
ing for the differences in farm size, the gender gap widens. In these countries, 
among smallholder farms, there is an inverse relationship between farm size 
and productivity; smaller farmers are more productive per unit. 

There are fewer estimates of productivity gains in Asia, where men and 
women farm most land jointly, and therefore sex-disaggregated data on plot 
managers are rarely collected. A recent exception is a study from Bangladesh 
using nationally representative data from a 2012 survey that collected informa-
tion on men’s and women’s empowerment using the Women’s Empowerment 
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in Agriculture Index (Alkire et al. 2013). Seymour (2017) found that reduced 
gender disparities within households (measured in terms of the empower-
ment gap between spouses) are associated with higher levels of technical effi-
ciency both on plots that women jointly manage with their spouses as well 
as on those for which women did not report any involvement in agricultural 
decision-making. Aside from potential gains in agricultural productivity and 
incomes, closing gender gaps has potential returns in terms of investment 
in the next generation’s education and health as well as more representative 
decision- making (World Bank 2011). This does not include the intrinsic gains 
from women’s empowerment and gender equality in their own right.

The existence of social norms and gender-specific constraints affecting 
women is well documented, and so are their consequences both globally as 
well as in the agricultural sector (World Bank 2011; FAO 2011; Quisumbing 
et al. 2014). While national legislative structures are now in place in many 
countries, efforts to transform gender norms often continue to meet with 
reluctance or resistance, especially when they involve changing deeply embed-
ded norms that are tied up with what it means to be men or women in dif-
ferent cultures. This issue is exemplified in discussions about women’s land 
rights, where even when they are codified in statutory law, they are often not 
recognized in practice (Meinzen-Dick et al. 2017). Yet many development 
projects, particularly those implemented by civil society organizations, explic-
itly aim to transform gender roles and empower women.

Consequences of Targeting Women Only

To redress years of agricultural development programming targeted to men, 
many development organizations and governments have targeted women 

TABLE 15.3 Gender gaps in agricultural productivity, by country (%)

Country
Simple  

difference 
Difference after accounting for 

plot size and regions

ethiopia 23*** 24***

malawi 25*** 25***

niger 19*** 66***

nigeria, northern 4 46***

nigeria, southern 24* 17

tanzania 6 23***

uganda 13*** 33***

Source: World Bank and one Campaign (2014). 
Note: * = difference significant at p < 0.10; *** = difference significant at p < 0.01.
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exclusively. One widespread example is the targeting of microfinance pro-
grams to women, arguing that such programs contribute to their empow-
erment. Another example is the targeting of transfers to women, as in 
conditional cash-transfer programs or food aid, as well as the targeting of 
nutrition behavior change communication (BCC) programs to mothers. 
Although these programs cite the findings from early work on intrahousehold 
allocation demonstrating the high returns in terms of child health and nutri-
tion from targeting transfers and credit to women, as well as the hypothesized 
positive relationship between women’s empowerment and child nutrition, 
much of this evidence comes from observational studies. 

For example, the systematic review of interventions by Yoong, Rabinovich, 
and Diepeveen (2012) found that economic transfers controlled by women 
tended to improve child human capital outcomes, but only 15 studies using 
experimental or quasi-experimental techniques met the inclusion crite-
ria. Another recent systematic review finds mixed effects of microcredit on 
women’s empowerment, with small effect sizes. Moreover, the authors are 
doubtful about the methodological quality of the evidence base (Duvendack, 
Palmer-Jones, and Vaessen 2014). These mixed results are partly attributable 
to the heterogeneity of microcredit interventions, contexts, and target groups 
(Duvendack, Palmer-Jones, and Vaessen 2014: 75), which in turn come from 
differences in the way that women’s empowerment is conceptualized, both in 
the interventions and in impact evaluations. 

The synthesis of findings from gender-sensitive impact evaluations of eight 
agricultural development projects (Johnson et al. 2016) is also instructive 
about the limitations of designing and implementing any program or project 
that targets women in isolation from their households, families, and commu-
nities. First, there is no guarantee that such a transfer, even if designed to be 
controlled by women, will remain under their control—or that households 
will not undertake compensatory behavior. Of eight projects included, four 
increased women’s assets. Three of these four distributed assets directly to 
women and took steps to ensure that women maintained control of the trans-
ferred assets. The steps taken—putting a women’s name on the land title, sup-
porting women to reclaim assets that were taken from them, influencing 
gender norms about asset ownership—varied but all had the effect of support-
ing the initial asset transfer. Although the CARE dairy value chain project 
did not distribute assets, households that received the value chain intervention 
were able to increase their stock of jointly held nonagricultural productive 
assets because dairy incomes were reinvested in other types of assets, diversify-
ing the asset portfolio (Quisumbing et al. 2013). 
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However, men in participant households also increased their assets 
through the projects, and often more than women did, leading to a net 
increase in men’s asset holdings relative to women’s. An evaluation of BRAC’s 
Targeting the Ultra Poor asset transfer program found that, relative to the 
control group, while women’s ownership of program assets grew, men’s sole 
ownership of all other assets grew (Das et al. 2013; Roy et al. 2015). CARE 
reported significant increases in household-level assets (goats, agricultural 
productive assets, nonagricultural productive assets) relative to a control 
group of households in the same villages that did not participate in the dairy 
value chain program. These increases were driven largely by increases in assets 
owned by men, although the increase in men’s assets is not significantly dif-
ferent relative to the control group. Only in a homestead food production pro-
gram in Burkina Faso, implemented by Helen Keller International (HKI), was 
there any evidence of women closing the gender asset gap. Women’s value of 
agricultural assets in intervention villages increased, whereas men’s decreased 
(van den Bold et al. 2015). The project had no impact on the area of land cul-
tivated by either men or women, although qualitative work indicates that 
gender norms became more favorable toward women’s landownership in treat-
ment as compared with control areas. 

Taken together, these results show that although it is possible to increase 
women’s control and ownership of assets, it is not easy or automatic, even in 
projects that transfer assets to women. Given the gender norms that govern 
asset ownership, to the extent that project benefits get reinvested in assets, 
those assets are likely to be controlled primarily or exclusively by men. Explicit 
steps appear to be necessary to increase the chance that women will main-
tain and accumulate assets, including efforts to influence the norms around 
the acceptability of women having control of assets, either individually or 
jointly with others in the household. Some common barriers that projects 
face include: resistance or uncooperative attitudes of local government offi-
cials or even program staff toward women asset owners; deep-seated cultural 
norms that view particular types of assets as men’s assets, such that even if a 
program targets women, men still maintain control of those assets and make 
major decisions regarding them; and possible dilution of the net effects of the 
asset transfer as proceeds are reinvested in assets owned by men (Johnson et al. 
2016). Recognizing joint ownership—not only in how assets are measured but 
also in how asset transfers are designed in projects that target households—
could broaden the scope for change.

In addition, targeting agricultural programming to women may inadver-
tently increase their workload. A recent systematic review of the impact of 
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agricultural interventions on time use (Johnston et al. 2018) found that (1) 
women play a key role in agriculture, which is reflected in their time commit-
ments to these activities, whether as farmers or as farmworkers; (2) women are 
important actors in the uptake and response to agricultural interventions; and 
(3) agricultural interventions tend to increase women’s, men’s, and children’s 
time burdens. Consistent with the findings of the systematic review, the evalu-
ations of asset-transfer projects reported that the transfer of assets had impacts 
on women’s time. All projects that transferred livestock—BRAC, Land 
O’Lakes, and HKI—found that caring for livestock, especially improved or 
exotic breeds that tend to have greater nutrition and health needs, led to an 
increase in demand for women’s time (Quisumbing et al. 2015). These new 
livelihood strategies increased demand for time of other household mem-
bers as well, including men and children. The Land O’Lakes study reported 
that although the greatest increase in time spent on dairy was for women’s 
time, labor increased for all household members, and men provided the largest 
amount of total labor for dairy production (Johnson et al. 2015).

To understand the impact of these increased time burdens, we need to 
know what household members were doing with their time before the proj-
ects. The CARE evaluation looked at changes in time spent by household 
members in a range of activities and found that women in program house-
holds spent more time on dairy and less on childcare (feeding and general care) 
than control households in the same communities (Quisumbing et al. 2013). 
This could be a cause for concern because the time women spend on child-
care is a determinant of child nutritional outcomes (Herforth and Harris 
2014). Findings from the BRAC evaluation state that some women complain 
about workloads associated with program assets and said that other family 
members had to help with care of livestock, especially cows (Das et al. 2013). 
Nonetheless, these women prefer their current situation to the previous situa-
tion of not having livestock and working outside the home.

Gains to Recognizing Jointness and Addressing  
Both Men and Women

Early work to include women in agricultural development projects typically 
targeted women as independent producers, growing particular crops on their 
own plots of land. Yet both women and men are involved in agricultural pro-
duction within the same household as well as being involved in consumption 
decisions. Failing to recognize jointness in decision-making and control of 
productive resources may neglect gains to cooperation and to involving men 
as well as women. For example, most agricultural programs target extension 
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advice about agriculture to men, and nutrition messages, as relevant, to 
women. For example, a HarvestPlus project that disseminated biofortified 
orange sweet potato (OSP) vines to farmers’ groups gave nutrition messages 
about vitamin A to women but not their husbands. In examining adoption 
decisions within households, Gilligan et al. (2020) found that plots of land 
exclusively controlled by women are not more likely to contain OSP, but plots 
under joint control of men and women, in which a woman has primary con-
trol over decision-making, are significantly more likely to contain OSP. Plots 
exclusively controlled by men are the least likely to contain OSP. 

This evidence indicates that women play an important role, and often 
a leading role, in the decision to adopt OSP, but that this decision is often 
jointly made with their husbands. Because of the jointness of these decisions, 
the current strategy of targeting only women with nutritional training may be 
missing an opportunity to create an awareness of the benefits of OSP among 
men. The evaluation of the REU project found no evidence of impact of 
fathers’ knowledge of child-feeding practices in Uganda (de Brauw et al. 2010), 
but the contribution of nutrition messages received by women on the impact 
of the project on OSP adoption and dietary intakes of vitamin A appears to be 
relatively small (de Brauw et al. 2012). Nonetheless, in this setting our results 
suggest that engaging with adult men and women household members might 
be the best strategy to promote adoption.

In a study of the adoption of maize technologies in Ghana, Doss and 
Morris (2001) found that there were no significant differences in technol-
ogy adoption between men and women farmers living in male-headed house-
holds. Women living in female-headed households were less likely to adopt 
the technologies. This suggests that women living in male-headed households 
had access to information or other resources through their households that 
women in female-headed households were not able to access. 

In a study of social networks and the adoption of agricultural technologies 
in India, Magnan et al. (2013) found that men and women in the same house-
holds have very distinct networks of agricultural contacts. Although women’s 
networks are as large as men’s or, in the case of poor households, substantially 
larger, women’s connections are more likely to be with poorer households that 
are less likely to adopt new technology. In contrast, poor men with smaller 
agricultural networks tend to be connected to wealthier and more progressive 
farmers who are more likely to be early technology adopters—either because 
being wealthy or progressive has a direct positive influence on adoption or 
because these factors attract extension assistance. Because of their wider reach, 

520 Chapter 15



public extension services and private service providers could use women’s 
social networks, particularly among poor households, to facilitate inclusive 
technology dissemination. 

Conclusion and Ideas for Future Research
Many policies and interventions designed to address intrahousehold rela-
tions and promote gender equality have been influenced by the intrahouse-
hold literature, particularly that based on bargaining models. These policies 
and interventions have targeted women, seeking to strengthen their incomes 
or bargaining power. Although this is an improvement over policies that 
were gender-blind, and assumed that gains from the project would be shared 
equally within the family, this framing implies a zero-sum game and can lead 
to opposition or backlash from men. By contrast, framing the policies or inter-
ventions as seeking to strengthen household welfare for shared gains can gain 
greater support from men as well as women. Children’s welfare is often one 
of the household “public goods” that can be highlighted for cooperation. For 
example, a homestead garden project of Helen Keller International in Burkina 
Faso emphasized improving maternal and child nutrition but contributed to 
changes in attitudes that favored women’s access to and control over land (van 
den Bold et al. 2015).

Similarly, acknowledging that households have joint interests, and design-
ing policies and programs to strengthen cooperation and collective action 
among household members, may open new areas for policies and interven-
tions. This could lead to designing and implementing agricultural develop-
ment projects that (1) involve men as well as women in nutrition education 
activities; (2) target agricultural extension to both men and women within the 
same household; (3) discuss gender norms within the family and community 
to address women’s decision-making power in agriculture and nutrition, time 
burden, mobility, as well as household resource allocation, domestic violence, 
and intrahousehold respect and communication; and (4) involve other house-
hold members, such as elders, in project activities (Quisumbing et al. 2017).

Simply shifting from a model of the household in which everyone is an 
independent actor to one in which there is both cooperation and conflict is 
an important first step. Household members do come together, to produce 
both agricultural and nonagricultural goods and use some for home consump-
tion while selling others. We need to understand which resources are shared, 
and what “shared” means, in different social and cultural contexts, including 
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contexts with more complex family structures such as extended families and 
polygynous households. We also need to better understand the decision- 
making processes; knowing when we need information from both spouses (in 
a monogamous union) and from co-wives (in a polygynous union) and find-
ing ways to categorize a range of decision processes that involve different levels 
of input and final control from various household members. While we should 
not assume that they always obtain Pareto efficient outcomes, neither should 
we assume that there is no joint production. 
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CREDIT FOR AGRICULTURAL DEVELOPMENT

Shahidur R. Khandker

Access to financial services is critical for agricultural development. By “access 
to financial services” we mean access to credit, savings, payments, and insur-
ance. Such a broad measure of access is called “financial inclusion” in the recent 
development literature. Financial inclusion is also defined as a measure of an 
individual’s and a business’s access to use of financial services to save, borrow, 
make payments, and buy insurance to mitigate risk in production and con-
sumption (Demirguc-Kunt and Klapper 2012; Demirguc-Kunt et al. 2015).1 
Access to financial services facilitates an individual’s and a business’s day-to-
day transactions and helps them manage everything from investment plans to 
unexpected emergencies. “Financial access” means access to outlets where peo-
ple save, borrow, pay bills, and buy insurance, in order to initiate and expand 
businesses, to invest in education or health, to manage risk, and to weather 
shocks. All these activities induced by financial inclusion lead to higher pro-
ductivity, raising income, consumption, nutrition, and education, and thus 
achieving multiple Sustainable Development Goals (World Bank 2018). 

For good reasons policymakers thus advocate financial inclusion as a vital 
factor for development. The Universal Financial Access (UFA) Initiative of 
the World Bank stresses the need for every individual and business to have at 
least a transaction account with a financial institution (Demirguc-Kunt and 
Klapper 2012; World Bank 2018).2 A financial institution may be a bank, a 
microfinance institution, or a mobile financial service. A transaction account 

1 “Financial inclusion” means that people have access to useful and affordable financial prod-
ucts and services that meet their day-to-day needs—transactions, payments, savings, credit, and 
insurance—delivered in a “responsible and sustainable way” (World Bank 2018). 

2 As per the Global Financial Inclusion (coined as Global Findex) Survey (World Bank 2015c), 
“financial account” is defined as a transaction account at a bank or another type of financial 
institution, such as a credit union, cooperative, or microfinance institution. “Financial account” 
also includes a mobile money account that is limited to services that can be used without an 
account at a financial institution. In the Findex data the mobile money account is defined 
by whether the individual had used a mobile phone to pay bills or to send or receive money 
(Demirguc-Kunt et al. 2015). 
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with any such financial institution allows people to save money as well as to 
send and receive payments; thus, having such a transaction account is consid-
ered a gateway to accessing other financial services such as credit and insur-
ance. This is the underlying philosophy of the World Bank Group’s Universal 
Financial Access 2020 initiative emphasizing every adult must have a trans-
action account with a financial institution. Using the Global Findex data 
collected by the World Bank to measure financial inclusion, it is shown that 
62 percent of adults worldwide reported having an account with a financial 
system in 2014, compared with 51 percent found in 2011 (Demirguc-Kunt et 
al. 2015). Studies also find that there is almost universal financial inclusion in 
OECD countries (94 percent) but limited coverage in the developing coun-
tries (54 percent), varying by level of economic and financial development.3 

Like any sector, access to financial services is a necessity in agriculture. 
More important, smallholders who cultivate more than 80 percent of land in 
developing countries deserve to have equal access to different types of finan-
cial services. Farmers’ access to financial services helps ensure better use of 
resources that enhances efficiency in the use of inputs such as fertilizer, pes-
ticides, and irrigation in production. Access to financial services also helps 
purchase machinery and equipment to support high-value production and 
crop diversification. It also helps marketing and transportation of agricultural 
products (Koolwal and Khandker 2018; World Bank 2015a). Access to finan-
cial services thus is critical for transforming traditional subsistence into com-
mercialized agriculture (meaning a higher degree of market-based production). 

In developing countries, agriculture is a major source of livelihood for 
more than 80 percent of rural people (IFC 2013). Yet access to finance (that 
is, credit), especially for investment in agriculture, is very limited. In Africa 
less than 1 percent of commercial lending goes to the agriculture sector (IFC 
2013). However, unlike other sectors, financial institutions are reluctant to 
extend financial services in agriculture for a variety of reasons such as pro-
duction risk (due to drought and excessive rainfall), lack of physical collateral 
(lack of title to the cultivated land), and volatility of prices due to worldwide 
climate changes (World Bank 2015a). 

Demand for financial services in agriculture varies by degree of commer-
cialization, size of farm holding, and level of rural development including 
infrastructural development. Different financial instruments (such as savings, 

3 The 2017 round of the Global Findex survey shows that 69 percent of adults were found to have 
an account with a financial institution with 94 percent in OECD countries and 63 percent in the 
developing world (Demirguc-Kunt et al. 2018). This means a 7 percent increase between 2014 
and 2017. 
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credit, payments, and insurance) respond to different needs of actors engaged 
in agriculture, but the extent of financial inclusion or financial instruments 
available to farmers vary widely by the level of financial development, critical 
for agricultural development (for example, Ruete 2015). Agricultural devel-
opment critically depends on financial development. However, reliable and 
appropriate financial instruments are only developed through financial inno-
vations supported by government and international development agencies. A 
growing body of literature sheds light on the interdependence between agri-
cultural development and financial development that is both inclusive and 
smallholders’ friendly (for example, IFC 2013; World Bank 2015a). 

Although an effective access to financial services demands access to effi-
cient outlets for savings, borrowing, payments, and insurance, this chap-
ter does not address farmers’ needs of all categories of financial services 
and instruments and provisions available via a financial system. This chap-
ter focuses only on access to credit with occasional references to other ser-
vices such as savings and payments and the potential roles of governments in 
enhancing farmers’ access to finance. Part of the fact is that access to finance 
is the most critical factor for agricultural development. Chapter 17 focuses on 
insurance to mitigate risk in agricultural production as a way to promote agri-
cultural development. 

This chapter is organized as follows. The first section discusses why agri-
cultural credit is necessary for agricultural development. The current practices 
of agricultural finance with distinction between private and public sources of 
agricultural finance are outlined. The role of institutional finance in agricul-
tural GDP of the developing world is examined. The chapter then highlights 
differential access to financial services relative to agricultural credit in selected 
developing countries. Successful agricultural finance practices in the develop-
ing world are discussed, to draw the conclusion that practices vary by coun-
tries even within the developing world. A review of impact studies showing 
how better access to financial services such as credit matters for raising agri-
cultural productivity and hence, agricultural development, is presented. The 
conclusion discusses the challenges facing agricultural finance in meeting the 
needs of transforming traditional agriculture. It also presents a set of recom-
mendations toward promoting agricultural development. 

Why Credit
Agriculture is at a crossroads in the developing world. On the one hand, farm 
productivity has to be increased to support sustainable economic growth. On 
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the other hand, food production has to be increased to feed a growing pop-
ulation, especially with a higher demand for high-valued diets such as meats, 
fish, and vegetables (Chapters 9–12 in this volume; FAO 2017). The global 
demand for food is expected to increase by 70 percent by 2050, and at least 
$80 billion annual investment is necessary to meet this food demand, almost 
double the current investment (World Bank 2015a). But agriculture is increas-
ingly subject to volatility of climate changes (FAO 2016). Uncertainty of har-
vests, input availability, and income flows have created financial constraints 
on agricultural producers for raising investment in agriculture. 

Ironically, low-income countries, which face high climate volatility that 
challenges agriculture and deepens poverty (Ahmed, Diffenbaugh, and 
Hertel 2009), depend the most on agriculture with the lowest productivity 
(Figure 16.1). That is, agricultural labor productivity is inversely related to a 
country’s agricultural share of GDP. Such inverse relationship between pro-
ductivity and agriculture share in GDP is prominent in the countries of Africa 
south of the Sahara (SSA) and South Asia (SA). But this is not the case in 
economies with greater agricultural diversification and higher private invest-
ment across Europe and Central Asia (ECA), East Asia and Pacific (EAP), 
and Latin America and the Caribbean (LAC). As 80 percent of the farmland 
in Africa south of the Sahara and Asia is managed by smallholders, the burden 
of raising food production and farm productivity for supporting sustainable 
growth via raising investment rests squarely on smallholders (FAO 2012).4 

The investment decisions of smallholders are nonetheless conditioned by 
severe financial and agroclimate environment. Farmers have been described 
as constrained in credit markets, often characterized by asymmetry informa-
tion, adverse selection, and moral hazard of lending (Stiglitz and Weiss 1981; 
Guirkinger and Boucher 2008; Kumar, Turvey, and Kropp 2013).5 Financial 
institutions are reluctant to lend to agriculture, especially smallholders in agri-
culture, because of high default costs associated with high agricultural risk 
(due to drought, excessive rainfall, and pesticides) and high transaction costs 
of covering large geographical areas with poor infrastructures. For all such 
reasons, institutional credit is rationed; consequently, lack of credit becomes a 
major hurdle for undertaking investment in agriculture, let alone buying mod-
ern inputs and supporting crop diversification, key to producing high-value 

4 While the interpretation of “smallholder” can vary across countries, FAO (2012) defines “small-
holder” as working on up to 10 hectares. 

5 In fact, studies from China and India show that binding credit constraints negatively affect 
food consumption and farm input applications, as well as health and educational outcomes 
(Kumar, Turvey, and Kropp 2013).
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cash and food crops (for example, Feder et al. 1990). Recent empirical stud-
ies in developing countries confirm that credit constraints discourage farmers 
from borrowing and making investments, or encourage them to finance some 
investments purchases with cash from nonfarm activities and crop sales (for 
example, Adjognon, Liverpool-Tasie, and Reardon 2017). 

Deteriorating weather and climate conditions make things only harder—
farmers find the income cushion insufficient for confronting agricultural 
risk. Rather than investing in technology to confront production uncertainty, 
farmers in many rural settings are increasingly engaged in nonfarm activities 
to smooth income and consumption (for example, Pitt and Khandker 2002; 
Khandker and Koolwal 2016). But rural nonfarm activities are not indepen-
dent of agricultural risk. In fact, the interlinkage between farm and nonfarm 
production underscores the importance of raising agricultural productivity 
(for example, McCullough 2017; ILO 2014). 

Transforming subsistence agriculture to modern agriculture needs invest-
ment in agriculture. Investment means better access to agricultural finance 
(both short- and long-term), which can finance investment in modern technol-
ogy by smallholders. With improved access to short-term credit, for instance, 

FIGURE 16.1 Agricultural productivity and agricultural share of GDP, 2018
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farmers can smooth income and consumption risks, raise productivity by 
purchasing inputs such as high-yielding varieties and modern fertilizers, and 
afford improved fodder for livestock and poultry. With access to long-term 
credit, on the other hand, farmers can purchase or lease production machinery 
such as tractors or invest in improved planting and irrigation technologies for 
crop diversification such as high value cash crop production. Improved access 
to credit therefore affects not only optimal input use and improved technol-
ogy adoption by releasing credit constraints but also helps farmers cope with 
income shocks in an uncertain agroclimate environment. This in turn helps 
raise farm productivity and supports a country’s sustainable growth agenda. 

Private versus Public Sources  
of Agricultural Credit
Despite efforts of governments and multilateral agencies such as the World 
Bank to enhance access to credit and other financial services in developing 
countries, about 2 billion (some 38 percent of working-age adults) world-
wide have no access to institutional finance and 73 percent of poor people 
are unbanked (World Bank 2018a). Many of the unbanked people are small-
holder farmers and landless workers. 

Farmers have very limited access to institutional credit for a number of rea-
sons. Agricultural financial markets have historically been highly regulated 
in developing countries (for example, subsidizing interest and input prices). 
Government concessional lending with below-market interest rates and loan 
forgiveness policies create disincentives for lending of commercial banks and 
the government-directed agricultural banks (for example, Adams 1988; World 
Bank 2015a; Seibal 2000). Financial institutions, while successfully mobi-
lizing savings from rural areas, are reluctant to lend in agriculture for a vari-
ety of reasons such as risk in production inherent in agriculture. They restrict 
lending to agriculture for uncertain market price fluctuations due to agrocli-
mate shocks. Lack of sufficient collateral of farmers is another factor underly-
ing limited lending to agriculture. These barriers to institutional lending are 
compounded by a limited network of banks, making it difficult and costly for 
them to reach out to farmers. Banks are also not fully equipped to deal with 
risk and uncertainly in agriculture.

Smallholders are often not able to afford loans at terms and conditions not 
suitable for borrowing. One limiting factor is covariate risk, meaning borrow-
ing and repayment do not move in the same direction—that is, farmers would 
like to borrow during planting season when institutions are short of loanable 
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funds and pay back during harvest period (when surplus of funds available are 
not demanded). The standard practice of fixed repayment schedules of com-
mercial lending is thus not always compatible with the seasonality of crop pro-
duction. Farmers interested in making investment in agriculture also need 
long-term credit, which is not always available from financial institutions such 
as credit unions and microfinance institutions (MFIs). 

The limited access to formal finance (including banks, credit unions, MFIs, 
and mobile accounts) forces many farmers to rely on own/informal finance 
at high cost. As per the Findex data of 2014, for example, among 58 percent 
of individuals (who received payments from agriculture) who borrowed, only 
11 percent of them borrowed from institutional sources (Table 16.1).6 Access 
to formal credit varies by region—for example, some 20 percent in EAP, com-
pared with only 7 percent in SSA. The bulk of the borrowing is reported 
for consumption smoothing and other purposes such as health and educa-
tion—an average of 16 percent reported borrowing for farm and business pur-
poses in the developing countries, compared with 19.8 percent in SSA and 
16.7 percent in EAP. This suggests that less of borrowing goes to support agri-
cultural production.7 This of course does not mean borrowing for consump-
tion smoothing or supporting health expenses is unproductive, especially for 
those food-insecure poor farmers in developing countries whose main pro-
duction factor is labor. In fact, for enhancing and securing their labor input in 
farming, the poor farmers use borrowing funds, in times of shortages, for con-
sumption to sustain their labor capacity (for example, Deaton 1997; Bocher, 
Alemu, and Kelbore 2017; Joshi, Roy, and Sonkar 2017; Pitt and Khandker 
2002). The regional differences in farmers’ use of borrowing for different pur-
poses suggests the degree of direct use of funds for farming. 

Because of limited access to formal finance, farmers in developing 
countries rely more on informal finance for different purposes. For exam-
ple, among 58 percent of farmers who borrowed in the developing world, 
47 percent borrowed from informal sources (Table 16.1). Informal finance has 
some advantages—it has lower transaction costs and is readily available on a 

6 Farmers are defined as those who sell some or all of their output in the market, who comprise 
the middle of the landholding distribution. Subsistence farmers, which consume most of what 
they produce, are not included. Sampling weights are used to make the averages representiative 
at the country level.

7 This does not mean that all farmers need to borrow. In fact, there are many farmers who save 
and therefore need a safe outlet for savings on a regular basis (for example, Zeller and Sharma 
2000). But the point is that like other sectors, better acess to institutional finance for both short- 
and long-term credit is essential for supporting agricultural development with diffusion of mod-
ern technology and crop diversification. 
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short-term notice. But informal financing often at short-terms is insufficient 
to enable farmers to access modern technologies, fertilizer, irrigation, and 
other inputs (World Bank 2015a). Informal finance also has limits in leverag-
ing resources or pooling risks, as informal finance is provided by village-level 
lenders who are normally associated with the same covariate risk that affects 
farmers. These limits are costly to small farmers in diversifying agriculture, 
undertaking investments, and assuming risks for growing high-valued crops, 
meats, and vegetables. Agricultural-led growth needs long-term investment in 
farming and agribusinesses for marketing high-valued crops and farm prod-
ucts. The resources for such investments would come only from financial 
institutions such as banks. 

But commercial banks lend a small share of portfolio to agriculture com-
pared with agriculture’s share of GDP. In 2015 agriculture accounted for 
27.5 percent of GDP and received only 5.1 percent of commercial lending in 
SSA (Figure 16.2). Consequently, agricultural lending of commercial banks 
accounted for 7 percent of agricultural GDP in 2000 and 9 percent in 2015 in 
SSA (Figure 16.3). In contrast, in EAP with more developed agriculture, agri-
cultural credit of commercial banks accounted for 13 percent in 2000 and 
47 percent of agricultural GDP in 2015. 

TAbLE 16.1 Access to institutional finance by region, 2014

Region

Received agricultural payments Did not receive agricultural payments

Has an 
account 

(%)

Borrowed in 
the  

past year* (%)

Borrowed 
for farm/ 
business 

(%)
Obser
vations

Has an 
account 

(%)

Borrowed in 
the  

past year* (%)

Borrowed 
for farm/ 
business 

(%)
Obser
vations

eap 58.8 53.6 (19.6) 16.7 3,851 64.5 42.8 (14.3) 6.7 9,353

eCa 40.8 51.2 (14.9) 8.8 3,889 54.1 36.7 (12.5) 2.4 22,153

laC 47.3 52.2 (19.2) 18.5 1,357 45.1 36.6 (12.6) 6.3 16,679

mena 30.4 54.8 (6.6) 9.2 702 25.2 40.3 (6.8) 4.1 7,363

Sa 41.6 50.3 (10.5) 13.0 2,375 40.3 38.8 (6.9) 5.3 6,757

SSa 29.3 65.0 (6.9) 19.8 11,749 30.3 45.7 (5.5) 7.4 22,295

developing 
world

38.3 58.4 (11.4) 16.4 23,923 43.7 40.2 (10.0) 5.4 84,600

Source: World Bank (2015c).
Note: * figures in parentheses show percentage of borrowing from formal sources. 
1. having an account indicates either institutional financial account, or mobile money account, or both.
2. eap = east asia and pacific, eCa = europe and Central asia, laC = latin america and Caribbean, mena = middle east and 
north africa, Sa = South asia, SSa = africa south of the Sahara. developing world excludes oeCd countries. 
3. Sampling weights used. about 21.81 percent of individuals affirmatively responded to the question “if received agricultural 
payments in last 12 months.” 
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FIGURE 16.2 Agricultural credit and agricultural GDP share, 2000 and 2015
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FIGURE 16.3 Agricultural credit as share of agricultural GDP, 2000 and 2015
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Commercial banks played a bigger role in agricultural development of EAP 
relative to SSA and SA regions. Limited commercial lending to agriculture is 
a direct outcome of an inverse relationship between the extent of per capita 
commercial bank branches and share of agricultural GDP in a country’s total 
GDP (Figure 16.4). We see fewer commercial bank branches per capita with 
high share of agriculture GDP in total GDP. Of course, commercial banks are 
not the only provider of institutional credit. There are other sources of institu-
tional credit such as MFIs, agricultural development banks, agricultural coop-
eratives, and registered credit unions and/or rotating societies for credit and 
savings (RoSCAS). Yet all these institutions together do not account for more 
than 11 percent of farm-sector lending.8 

However, mobile financial services (MFS) are increasingly providing finan-
cial services such as payments and transfer of remittance. But MFS hardly 
extends credit and therefore has not much impact on agricultural investment. 
Consequently, the role of financial institutions (banks, microfinance institu-
tions, and mobile networks) in agriculture is limited, especially in SSA and 
SA, where the need for institutional credit is the highest for promoting agri-
cultural investment and productivity. 

8 See discussion below with reference to Table 16.1. 

FIGURE 16.4 Agricultural GDP and commercial bank branches, 2018
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Current State of Agricultural Finance  
in Developing Countries
Borrowing is only one measure of access to financial services. As indicated 
earlier, a broad measure of financial access is defined by financial inclusion, 
which is defined as a measure of an individual’s and a business’s access to and 
use of financial services to save, borrow, make payments, and manage risk in 
production and consumption (Demirguc-Kunt and Klapper 2012; Demirguc-
Kunt et al. 2015). Using the Global Findex data of 2014, we can present the 
degree of financial inclusion among farmers and nonfarmers in both devel-
oped and developing countries.9 

Financial inclusion among farmers (those who received income from agri-
culture over the past 12 months) in the developing world (excluding OECD 
countries) was 38.3 percent, meaning only 38 percent of farmers had an 
account with a financial system in 2014 (see Table 16.1). Interestingly, among 
the 38 percent of those who have a financial account, only 11 percent bor-
rowed from institutional sources. This means some 27 percent of farmers in 
the developing world use financial services for other purposes such as sav-
ings, payments, and remittances. Financial inclusion in agriculture varies by 
region—it is highest among farmers in EAP (58.8 percent) and lowest in SSA 
(29.3 percent). Borrowing from financial institutions is the highest in EAP 
and LAC regions and the lowest in MENA and SSA regions. Such variations 
are due to varying financial practices and policies. Consider financial inclu-
sion in a few selected countries to understand why financial inclusion matters 
for agricultural lending for investment. Among the selected seven countries, 
Thailand from EAP perhaps has the best practices of financial services—some 
87 percent of Thai farmers have an account with a financial institution, which 
is close to the average of OECD countries (94 percent), higher than the EAP 
average (58.8 percent), and even higher than the average of the developing 
world (38.3 percent) (Table 16.2). 

In contrast, Viet Nam has only 28.9 percent financial inclusion among 
farmers, much lower than the EAP average but close to the average of the SSA 
region (29.3 percent). In SA, India has 60.6 percent coverage, higher than 
the SA average of 41.6 percent, while Bangladesh’s coverage of 31.4 percent 

9 In its 2014 round the Global Financial Inclusion Survey (also called Global Findex survey) 
asked individuals whether they received any payments for the sale of agricultural products. 
“Farmers” are defined as those who received payments from the sale of agricultural prod-
ucts. Consequently, the definition of being a farmer is restricted to those involved in market- 
based agriculture rather than in agriculture purely for own consumption (Koolwal and 
Khandker 2018).
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is lower than the SA average. Uganda is an outlier in SSA, as its finan-
cial inclusion for farmers is 48.9 percent, compared with the SSA average 
of 29.3 percent and 22.8 percent average in Ethiopia, the lowest among the 
seven countries considered. Uganda also has the highest rate of borrowing 
among the seven countries—18.7 percent of farmers borrowed from financial 
institutions and 27.5 percent of the borrowing was for agricultural purposes. 
Bangladesh has the lowest (3.8 percent) and Uganda has the highest coverage 
(27.5 percent) of institutional borrowing for agriculture. 

Low rates of financial inclusion in agriculture rest on the following fac-
tors: (1) the transaction costs of rural financial intermediation are high due 
to poor infrastructures and need of small loans and savings to cover a wide 
geographical areas; (2) high default costs of lending due to problems of loan 
enforcement and frequent loan forgiveness policies of the government; and (3) 
reluctance of banks and other financial institutions to lend money to farmers 
because of perceived high risks associated with agriculture in terms of weather 
uncertainty and production risks (World Bank 2015a). Rather than facilitat-
ing rural financial intermediation, governments often create obstacles such as 
interest caps and concessional lending for banks to operate efficiently for agri-
cultural lending. 

Examples of Agricultural Credit  
and Microcredit Programs
Because of the importance for extending credit to smallholders, governments 
with the help of the World Bank and other agencies are supporting banks and 
microfinance institutions (MFIs) to extend credit to agriculture and oper-
ate efficiently in rural settings. The agencies’ credit access includes extending 
agricultural credit directly to local banks, which then provide loans to farm-
ers and rural entrepreneurs. Prior to the 1990s, the World Bank and other 
multilateral institutions managed the disbursement of agricultural finance 
directly through project implementation units (World Bank 2003). However, 
in recent years banks provide lines of credit to financial institutions to extend 
credit. Examples of recent World Bank–supported credit access programs 
include the Rural Finance Project in Viet Nam, the SAGARPA Program in 
Mexico, the Financial Services for the Poorest Project in Bangladesh, and 
programs to provide local financial institutions technology upgrades and 
training in other countries (for example, Strengthening India’s Rural Credit 
Cooperatives Project and Ghana Rural Financial Services Project). In 2014 
the World Bank financed a nongovernment microfinance facility called the 
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Bandhan to become a rural bank to support rural lending, including agricul-
tural lending (World Bank 2015b). Commercial bank lending to agriculture 
has somewhat improved in recent years for such initiatives but is not enough 
to enhance agricultural investment to support agricultural development. 

Similarly, microfinance institutions in developing countries have no doubt 
made some headway in reaching small and marginal farmers with finance 
of donors to resolve supply-side credit constraints (for example, Khandker, 
Khalily, and Samad 2017). MFIs have nonetheless been promoting rural non-
farm activities in developing countries to generate additional income and 
employment for marginal farmers. However, MFIs have limited capacity to 
extend farm lending because they typically lack required licenses to operate as 
a bank like the Bandhan Bank of India or Grameen Bank of Bangladesh that 
can mobilize savings. Yet many of these microfinance institutions refrained 
from offering a wide array of financial products to suit the needs of farm-
ers and small producers. As a result, microfinance institutions have tended 
to operate on a small scale, offering local, demand-driven options, such as 
group-liability for short-term lending, to better reach clients and improve 
their own profitability and sustainability. 

Nonetheless, microfinance has been lending increasingly to support agri-
culture, given that many small and marginal farmers are willing to partici-
pate in MFI programs to support income earning activities, including farming. 
MFI share of agriculture is rising over time, based on the demand for credit 
in agricultural production to meet high demand for food and other staples. 
Microfinance institutions are also encouraged to extend seasonal credit, some-
times with funds of commercial banks to satisfy their government-set target 
to reach farmers in their loan portfolio (Khandker, Samad, and Badruddoza 
2018). 

The limit of higher MFI lending to agriculture, even if it is successful in 
many countries in reaching marginal and small farmers, is that they have 
failed to support long-term investment in agriculture necessary for raising 
agricultural productivity. Take the cases of two countries—Bangladesh and 
Thailand—with the deliberate policies to expand both microfinance and 
bank lending to agriculture. Bangladesh’s agricultural development banks 
and commercial banks, including nationalized commercial banks (NCBs), 
have been lending increasingly in rural areas.10 Lending to smaller farmers 
is a relatively recent phenomenon, handled by microfinance agencies such as 

10 Bangladesh’s banking sector is dominated by four state-owned NCBs, which control approxi-
mately half the assets in the banking sector. 
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Grameen Bank, the Association for Social Advancement (ASA), and BRAC. 
Palli Karma-Sahayak Foundation (PKSF), Bangladesh’s wholesale micro-
finance lending facility, recently started a Seasonal Loans and Agricultural 
Lending program, nearly doubling the funds it directs toward crop agriculture 
(Khandker, Samad, and Badruddoza 2018). Yet its agricultural portfolio is less 
than 15 percent of total portfolio. 

With such recent efforts, banks (both commercial and agricultural devel-
opment banks) lent 7.2 percent of their total lending to agriculture, and 
microfinance institutions, including the famous Grameen Bank, lent about 
39.5 percent of their lending to agriculture. However, they together lent only 
11.2 percent of total institutional credit disbursed in 2015. Bangladesh’s 
wholesale microfinance agency’s total annual portfolio was about 
US$2 billion of which agricultural lending was no more than 12 percent in 
2015. In the same year, while agricultural share of GDP was about 16 percent 
in Bangladesh, agricultural lending was about 11 percent of total institutional 
lending. While total institutional lending accounts for 42 percent of the GDP, 
agricultural credit provided by institutions explains 31 percent of the agricul-
tural GDP (Khandker, Samad, and Badruddoza 2018). Although MFIs are 
increasingly financially solvent, agricultural development banks are highly 
subsidized. 

In contrast, Thailand’s specialized agricultural bank, known as the Bank 
for Agriculture and Agricultural Cooperatives (BAAC), provides half of agri-
cultural loans, while the microfinance facility known as Thai Village Fund 
(TVF), the largest MFI in the world, provides 29.2 percent of its portfolio for 
agricultural purposes (Haughton, Khandker, and Torero 2018). Together they 
accounted for 10.5 percent of all loans (which is 13.5 percent) that went to 
agriculture in 2013. BAAC accounted for 6.6 percent (which was 51 percent 
of the total BAAC loan advanced), while TVF accounted for only 3.9 percent 
(which was 29 percent of the total TVF loan advanced) of total loans received 
by agriculture. While agriculture accounts for 8.4 percent of GDP, institu-
tional credit in Thailand explained some 81 percent of total credit received by 
agriculture of which 30 percent hailed from microfinance institutions. So the 
bulk of agricultural loans comes from the BAAC. Although both institutions 
are government-owned and -supported, TVF is highly subsidized and the 
BAAC is not (Haughton, Khandker, and Torero 2018). 

One common parameter for both countries is, however, that the agricul-
tural portfolio of financial institutions is low—11.1 percent in Bangladesh 
and 13.5 percent in Thailand, although agricultural GDP in Thailand is 
almost 10 times Bangladesh’s agricultural GDP. But Thailand’s agriculture 
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is funded more by an agricultural development bank (BAAC) rather than 
microfinance institutions such as TVF, while the opposite is the case for 
Bangladesh. MFI lending to agriculture in Bangladesh is largely short-term, 
such as seasonal crop loans or annual general loans. Seasonal or annual 
loans are important for crop production as well as income and consumption 
smoothing. But long-term loans are necessary for promoting large invest-
ment to commercialize and diversify crops in agriculture. It is no wonder 
that agricultural productivity is much higher in Thailand (largely because of 
diversification from cereal production to rubber and sugar production) than 
Bangladesh (predominantly cereal production). In 2014 agricultural value- 
added per worker (in constant 2010 US$) was US$715 in Bangladesh com-
pared with US$2,133 in Thailand.11 Higher productivity in Thailand must 
be an outcome of modern technology diffusion for high-value crop produc-
tion and agro-based processing with private investment in agriculture and 
agribusinesses (Haughton, Khandker, and Torero 2018). 

Mobile financial services (MFS) are the latest innovative way of extending 
financial services to agriculture. Mobile phones are ubiquitous in many coun-
tries and increasingly in developing countries. In 2017 there were more than 
1.5 billion cellular subscriptions in South Asia and 764 million in Africa south 
of the Sahara (World Bank 2018b). Mobile money is a prominent innovation 
emerging from widespread mobile phone use, and it enables owners to deposit, 
transfer, and withdraw funds without physically going to a bank or owning a 
bank account. While MFS have transaction fees, they reduce costs for some 
transactions, including those geographically disparate and those where oppor-
tunity cost of holding cash may be high, as in high-crime cities (Economides 
and Jeziorski 2015). 

Mobile financial services are more easily accessible than traditional finan-
cial institutions and are also associated with lower costs of managing finan-
cial instruments (Suri 2017). As of 2017, the mobile money industry processes 
a billion dollars a day with 690 million registered accounts globally (GSMA 
2018). In particular, MFS could play an important role in addressing the fixed 
costs of managing financial instruments, which often constrain the ability of 
formal banks to provide financial services to the poor in general and small-
holders in particular. However, as the data shows, there is no overwhelm-
ing evidence of achieving this end using this means by commercial banks 

11 In contrast, rice yield per hectare in the same year was 46,188 kilograms per hectare in 
Bangladesh and 29,118 kilograms per hectare in Thailand. This suggests that short-term credit 
must play a more important role in producing rice (a short-term cereal crop) in Bangladesh than 
in Thailand. 
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in extending credit services to smallholders, although MFS has successfully 
helped achieve higher financial inclusion by providing financial services other 
than credit. 

Mobile phones are in fact widespread in emerging and developing econo-
mies, although there is significant variation in the use of mobile financial ser-
vices across countries and sectors, as well as extending financial services. Using 
the Findex data of 2014, we see that mobile financial services accounted for 
11.7 percent of financial accounts across the developing world with the high-
est (15.9 percent) in SSA, explaining 54 percent of financial accounts, and 
lowest in ECA (0.5 percent), explaining only 0.5 percent of financial accounts 
(Table 16.3). While banks and MFIs need physical infrastructure to sup-
port financial inclusion, MFS does not find this as a barrier. However, MFS 
is not reaching farming communities equally. While 79 percent of financial 
accounts are facilitated by mobile network in Uganda, MFS is nonexistent in 
Ethiopia; 22.8 percent of financial inclusion in Ethiopia is facilitated by banks 
and microfinance institutions, compared to only 10.2 percent in Uganda. 
Branch networks are therefore the single most effective way of reaching farm-
ers in a more developed agricultural economy. For instance, in Thailand, 
while 87 percent of individuals in agriculture have an account with a financial 
institution that is entirely facilitated by banks and MFIs, only 1.6 percent of 
financial inclusion is facilitated via mobile financial services. 

A mobile financial account often provides financial services such as pay-
ments and transfer of remittance, but it is not yet capable of extending credit 
or mobilizing savings. In Uganda, for example, although financial inclusion 
is high (48.9 percent), mainly facilitated by mobile phone network, the extent 
of borrowing from financial institutions to support agriculture is negligi-
ble. Thus, while 87.8 percent of the Ugandans (who received payment from 
agriculture) have borrowed, only 18.7 percent of them borrow from finan-
cial institutions, leaving the remaining 69 percent to borrow from informal 
sources (see Table 16.2). Moreover, only 27.5 percent of the loans are meant 
for agriculture. This shows that even if financial inclusion is high in Uganda 
mostly because of having a transaction account with mobile financial services, 
the extent of borrowing from institutional services is highly limited and thus 
farmers rely on noninstitutional sources. 

Financial inclusion via mobile financial services is nonetheless worth sup-
porting. Mobile finance can reduce reliance on cash transactions, and time 
burdens for those living in more geographically isolated areas with less access 
to transport, financial institutions, and infrastructure. In Kenya, Uganda, and 
other countries, mobile money accounts are increasingly being developed to 

Credit for agriCultural development 545



link farmers, agents, and buyers (for example, Kikulwe, Fischer, and Qaim 
2014). Mobile-based financial services are emerging to draw a greater share of 
the population into formal financial services (not necessarily for borrowing 
but for payment services and remitting money), particularly in Africa south of 
the Sahara and other regions. But mobile financial services are not yet found 
to be an effective mechanism for extending credit to small farmers in areas 
where institutional credit is highly due but not currently available. 

But this does not mean that MFS cannot offer financial services that can 
extend credit and mobilize savings using the concept of branchless banking. 
In principle, mobile money can serve as a facilitator to bring financial ser-
vices to the doorsteps of smallholders, where users can display some finan-
cial track record through financial transactions. Using such records, financial 

TAbLE 16.3 Access to mobile account, 2014 (%)

Region

Farmersa Nonfarmers

Any financial 
account

Mobile 
account (%)

Any financial 
account

Mobile 
account (%)

By regionb

eap 58.8 5.2 8.8 64.5 3.2 5.0

eCa 40.8 0.2 0.5 54.1 0.5 0.9

laC 47.3 5.4 11.4 45.1 1.8 4.0

mena 30.4 1.7 5.6 25.2 0.7 2.8

Sa 41.6 3.1 7.5 40.3 1.6 4.0

SSa 29.3 15.9 54.3 30.3 9.4 31.0

total 38.3 11.7 30.5 43.7 4.6 10.5

By seven developing countriesc

Bangladesh 31.4 1.9 6.1 30.9 2.9 9.4

ethiopia 22.8 0.0 0.0 21.1 0.0 0.0

india 60.6 3.7 6.1 51.1 2.0 3.9

peru 28.8 0.0 0.0 29.0 0.0 0.0

thailand 87.4 1.4 1.6 72.7 1.3 1.8

uganda 48.9 38.7 79.1 34.7 27.1 78.1

viet nam 28.9 0.4 1.4 31.8 0.5 1.6

total 48.6 11.0 22.6 41.8 2.6 6.2

Source: data from World Bank (2015c).
Note: a. “farmers” are defined as those who “received agricultural payments in the past 12 months” (weighted sample). 
b. eap = east asia and pacific, eCa = europe and Central asia, laC = latin america and the Caribbean, mena = middle east 
and north africa, Sa = South asia, SSa= africa south of the Sahara. 
c. “developing world” excludes oeCd countries.
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institutions can develop credit scores of potential customers (via reduction of 
information asymmetries), upon which they can extend credit through reduc-
ing transaction costs as well as the costs of managing these financial accounts. 
However, evidence so far does not lend support to rising expected lending 
portfolios for farmers via this method of banking. Thus, further innovations 
are warranted in promoting linkages of mobile financial services with agricul-
tural finance and how such linkage can be facilitated by the government and 
international development agencies to promote digitation in agrifinance. 

Impact of Agricultural Credit on Smallholders’ 
Income and Productivity
Estimating the effect of credit or financial access is necessary for determin-
ing whether institutional credit matters, how it matters, and what it means 
to policymaking. More specifically, estimating credit effect is a way to under-
stand the mechanisms in which provision of credit through financial institu-
tions is a prudent policy for boosting agricultural investment and productivity 
for supporting the government agenda of growing sustainably and attaining 
food security.

Evidence of Potential Role of Financial Inclusion in Agriculture 

Agricultural productivity (measured by agricultural valued-added per worker) 
at the country level is found to have the strongest positive correlation with 
access to financial institutions (either measured by account ownership, com-
mercial bank branches, or agricultural credit as a share of total institutional 
credit). Figure 16.5 shows that a country’s share of agricultural GDP is posi-
tively associated with the share of agricultural credit in total credit disbursed, 
meaning that the higher the share of lending to agriculture via financial insti-
tutions, the higher is the share of agricultural GDP. Similarly, as Figure 16.6 
shows, a country’s agricultural productivity is positively associated with the 
country’s number of commercial bank branches. This suggests that availabil-
ity of banks increases the chances of borrowing for agricultural investment 
and the induced effects on agricultural productivity.12

Figure 16.7 shows the trend in financial account ownership against agricul-
tural value-added per worker as a measure of agricultural productivity. Thus 

12 Availability of a bank branch also increases savings mobilization from rural areas, which in 
turn can help smooth farmers’ income and consumption, thereby ensuring a higher liquidity in 
absorbing risks in production. 
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FIGURE 16.5 Agricultural GDP and agricultural borrowing, 2014
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FIGURE 16.6 Growth in agricultural productivity by growth in bank branches, 2018
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financial inclusion (measured broadly in terms of having an account with a 
financial institution or mobile financial service) is higher among countries 
with a higher index of agricultural productivity than countries with lower 
agricultural productivity. That is, increasing the level of financial inclusion 
in agriculture can lead to raising agricultural productivity, investment, food 
production, and food security. These relations are simple correlations but do 
not necessarily mean causality, meaning that there is a potential role of finan-
cial services in raising agricultural productivity, but it is not clear if finan-
cial inclusion actually increases productivity or if higher productivity raises 
demand for financial services. Disentangling this relationship is a causality 
question—what would have happened if credit access were not improved? 
Identification of the causal effect of credit is a challenge that involves under-
standing how improved access and use of specific services affects productivity.

Evidence of the Causal Effect of Agricultural Credit

Measuring the causal effect of financial service is a major goal of any study on 
credit policy for agricultural development. However, establishing causality—
that is, identifying the net effect of financial access—is difficult because agri-
cultural development outcomes can be affected by the same factors that affect 
farmers’ decisions to borrow from financial institutions. This is the classic 

FIGURE 16.7 Financial account ownership against agricultural productivity (country 
agriculture valueadded per worker), 2014
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problem of endogeneity that needs to be resolved satisfactorily to estimate the 
causal effect of credit. 

In theory, credit access does not seem to affect agricultural productiv-
ity unless farmers are liquidity constrained (for example, Feder et al. 1990; 
Karlan et al. 2014). When farmers are liquidity constrained, they are under 
a constrained decision-making regime in which credit access does directly 
affect agricultural decision-making processes such as input use and farming 
practices. Even with a credit-constrained regime, it does not necessarily fol-
low without further assumptions that credit induces an effect on agricultural 
outcomes such as productivity, as borrowing decisions are not determined 
independently of agricultural productivity. The endogeneity issue involves 
estimating the demand for credit as part of a farmer’s investment decision and 
its consequential impact on agricultural productivity. Various methods (for 
example, randomized controlled trial, propensity score matching, and instru-
mental variable) can help resolve the problem of endogeneity in estimating 
credit effects (for details, see Khandker, Koolwal, and Samad 2010). 

Studies using alternate methods have shown that financial inclusion has 
positive effects on income, productivity, consumption, education, health, gen-
der equality, and other indicators of well-being (for example, Cull, Ehrbeck, 
and Holle 2014; Aker et al. 2014; Klapper, El-Zoghbi, and Hess 2016). In 
particular, financial inclusion can help mitigate risks in production through 
enhanced investment and reduced costs of easing credit constraints in pro-
duction. A large body of literature suggests that higher access to and use of 
financial services by farmers can help increase modern use of inputs and tech-
nology, and investment in agriculture, leading to higher farm productivity and 
income and hence improved household welfare (for example, Feder et al. 1990; 
Cull, Ehrbeck, and Holle 2014; Karlan et al. 2014). 

Assuming credit access is measured by bank branch density, several stud-
ies have found that access to commercial and agricultural banks has created 
viable alternatives to moneylenders for households with somewhat greater 
assets and collateral. For example, Binswanger and Khandker (1995) found 
that better access to farm credit provided by banks spurred fertilizer use and 
investment in agriculture; however, it is less successful in generating viable 
institutions to generate agricultural employment. But bank density increases 
agricultural investment and productivity in India via investment in pump set, 
a very productive tool for raising agricultural output. Rural bank branches 
increase nonfarm employment and rural wages (Binswanger, Khandker, 
and Rosenzweig 1993). Rural bank branch expansion, savings mobilization, 
and credit disbursement are all found to increase farm and nonfarm output 
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significantly and hence reduce rural poverty consequently (for example, 
Burgess and Pande 2005; Prina 2015; Brune et al. 2016). 

Recent efforts on identifying the effect of farm credit include micro-
data studies that attempt to identify the extent of credit constraint faced by 
farmers and its induced effect on productivity. This is because of the fact 
that credit effect depends on the extent of credit constraint encountered by 
farmers (for example, Feder et al. 1990). Studies from Peru show that credit 
constraints lower the value of agricultural output substantially for poor 
households; however, for those households without credit constraints, pro-
ductivity is independent of such endowments as land and liquidity (Boucher, 
Guirkinger, and Trivelli 2009; Guirkinger and Boucher 2008). Some other 
studies also confirm that credit constraints affect agricultural output and pro-
ductivity (Feder et al. 1990; Sial and Carter 1996), farm profit (Carter 1989; 
Foltz 2004), and farm investment (Carter and Olinto 2003). The presence of 
credit constraint among MFI borrowers also matters in raising farm income—
the effect of borrowing on farm income is higher for credit-constrained than 
noncredit-constrained borrowers (Khandker, Khalily, and Samad 2016).

Farmers face risks such as unpredictable weather and crop price variation, 
affecting how they choose to borrow and invest. Thus smoothing consump-
tion across seasons is an important motivation for microfinance participation 
in Bangladesh (Pitt and Khandker 2002; Khandker 2012). The enhanced 
ability to smooth consumption permits households to choose riskier but 
higher- yielding contracts in agricultural markets (Pitt 2000). Although micro-
finance has traditionally been targeted toward the nonfarm sector, because of 
the linkages across farm and nonfarm sectors and funds are fungible, it none-
theless promotes farm income growth (Khandker, Khalily, and Samad 2016). 

Several studies examined the effect on household consumption and 
income risk by credit when credit is obtained through mobile money accounts. 
Access to mobile money services (for example, remittances) reduces transac-
tion costs of money transfer as well as consumption risks, thereby increasing 
consumption and reducing poverty (Jack and Suri 2014, 2016). Among the 
most successful mobile money products, M-PESA in Kenya, launched in 2007, 
now has virtually universal coverage in the country. Suri (2017) reviewed the 
impacts of M-PESA on responses to a range of outcomes and finds users spend 
more on medical expenses after a health shock while also increasing expenses 
on food and maintaining education expenditures. Moreover, mobile money 
contributed to a decline in poverty rate by 2 percentage points as a result of 
better access to mobile money services and thus increased household con-
sumption and savings.
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Several other studies, using experimental methods, have evaluated the 
impacts of rural farmers’ improved access to credit. In Morocco, Crepón and 
others (2011) found that the effects of rural expansion of microfinance insti-
tutions depend on activities that households are initially involved in, partic-
ularly self-employed agriculture—a large increase in sales and profits leads 
to substantial increases in expenditure and employment. Karlan et al. (2014) 
used an experimental design of a combination of cash grants to test the rele-
vance of imperfect credit and an incomplete insurance market to agricultural 
investment and productivity in Nigeria. They found that an incomplete insur-
ance market, which protects farm income from perceived agricultural risk, is 
more binding than a liquidity (that is, credit) constraint for promoting invest-
ment in agriculture.13 

Banerjee, Karlan, and Zinman (2015) reviewed randomized controlled tri-
als measuring the impact of MFI access across countries; the review revealed 
that microfinance access improved business activity, ranging from invest-
ments, business size, and profits, by at least a marginal extent across the six 
countries examined. However, the extent and type of impacts varied across 
countries. In India, small business investment and profits of preexisting busi-
nesses increased, but consumption did not significantly increase (Banerjee et 
al. 2015). In Ethiopia, Tarozzi, Desai, and Johnson (2015) find no treatment 
effect for the majority of outcomes. A joint liability microcredit program 
for women had a positive impact of access to group loans on female entrepre-
neurship and household food consumption but not on total working hours 
or income in the household in Mongolia (Attanasio et al. 2015). Angelucci, 
Karlan, and Zinman (2015), however, do not find transformative impacts on 
many outcomes in a clustered randomized trial in Mexico. 

Although microfinance institutions have scope to improve credit access 
to agriculturalists and rural people, the evidence is not definitive on whether 
microfinance alleviates poverty and what exactly are its impacts on busi-
ness activity. In investigating the question of external validity—concerns the 
studies may be too different from each other to generalizable their results—
Meager (2019) aggregates evidence from seven randomized controlled trials 
and finds negligible impact of microfinance access on household business and 
consumption variables, and that this impact is unlikely to be transformative. 

13 This of course does not mean that liquidity (and hence, credit) is not a binding constraint for 
smallholders in agriculture. This study observes that when an insurance market is missing in a 
risky environment, lack of insurance is perhaps more binding than a liquidiy constraint for rais-
ing farm investment and productivity.

552 Chapter 16



Indeed, these experimental studies are not conclusive. Methods also mat-
ter in evaluating microfinance. Experimental methods are usually applied to 
evaluate a short-term program (usually less than 18 months of intervention) 
such as PROGRESA in Mexico—a conditional cash transfer (Angrist et al. 
2002; de Janvry et al. 2006; Schultz 2004). In contrast, microfinance or insti-
tutional finance for that matter, is not a cash transfer, and accrued benefits 
from self-employed activities supported under microfinance require a certain 
minimum length of exposure (for example, a minimum of three years of expo-
sure means an experimental method is inappropriate). Therefore, nonexper-
imental methods, in contrast to experimental methods, are used to explore 
the impact of certain length of program exposure. Many nonexperimental 
studies of microfinance are found to have substantive positive contribution of 
microfinance in enhancing income, consumption, and poverty reduction (for 
example, Islam 2011; Imai, Arun, and Annim 2010; Imai et al. 2012; Pitt and 
Khandker 1998; Khandker 2005: Khandker, Khalily, and Samad 2016). It is 
thus important to distinguish between short-term versus long-term impacts of 
microfinance and draw complementarity between these alternative methods. 
Further studies are necessary to reconcile the findings drawn from alternative 
methods of impact evaluation regarding roles of microfinance in development 
(Wydick 2016). It is important to carry out more studies to demonstrate how 
a microfinance facility works and helps smallholders and poor farmers to avert 
the short-term and long-term consequences of exposures to climate and other 
risks increasingly associated with smallholder farming. 

Enhancing profitability of smallholder agriculture is the prime goal asso-
ciated with the agenda of growing sustainably and attaining food security. 
Smallholders are not, however, a homogeneous group; some smallholder farm-
ers have the potential to increase farm profits and undertake commercial 
activities in the agricultural sector, while others should be supported in exit-
ing agriculture and seeking nonfarm opportunities. For smallholder farmers 
with profit potential, their ability to be successful is apparently hampered by 
challenges including limited financial inclusion. By overcoming this and other 
challenges, such as climate change and price shocks, smallholders can move 
from subsistence to commercially oriented agricultural systems and increase 
their profits (Fan et al. 2013). However, a major knowledge gap exists as to 
whether and how an improvement in financial access can help increase profit-
ability of smallholders. We do not know if providing credit alone is sufficient 
to improve profitability. It is indeed possible that other innovative financial 
products are necessary that provide additional services using new technologies 
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so that actors in the agri–value chain can make better profit-enhancing 
investments. 

Challenges and Recommendations to Support 
Innovations in Agricultural Credit 
Agricultural investment is absolutely necessary to raise food production and 
farm productivity, especially in smallholder agriculture, to support a country’s 
agenda of growing sustainably and attaining food security. Access to finance 
is thus critical to promote investment in agriculture and hence agricultural 
growth and productivity. However, farming in developing countries, where 
agricultural growth is the driver of growth and development, is managed 
largely by smallholders. Smallholders in agriculture need funds to invest but 
for a variety of reasons are constrained in accessing finance, especially insti-
tutional finance. Although access to financial services such as savings, credit, 
payments, and insurance is limited in general in rural areas, smallholders 
are limited further in accessing finance for reasons such as high transaction 
costs of small loans and savings, high risk associated with farming caused by 
drought and excessive rains, and lack of appropriate policies facilitating cover-
age of the financial services provided by a country’s financial institutions. 

Evidence suggests that institutional credit plays an important role in 
enhancing investment and productivity in smallholder agriculture. Better 
access to institutional credit is desirable because it is less expensive compared 
to own or informal finance to buy fertilizer, irrigation, and other productivity- 
enhancing inputs to raise farm productivity. Credit also helps resolve cash 
flow problems of crop production and mitigate risks in farming due to uncer-
tainty of weather patterns and climate changes. Provision of weather-indexed 
insurance helps farmers also mitigate risks, but credit at easy terms with lower 
transaction costs to support investments can mitigate agricultural risk effec-
tively. Institutional credit, especially long-term, encourages private investment 
in marketing and agro-processing, and thus helps produce high-valued crops, 
meat, and vegetables. Diversification, modernization, and commercialization 
of agriculture are the hallmarks of agricultural development for attaining sus-
tainable growth and food security. 

However, financial institutions, especially agricultural development banks 
and commercial banks, are not capable of serving the smallholder agricul-
ture sustainably and effectively. Banks have been asked to support subsidized 
credit in many low-income countries but have failed to support profitably gov-
ernment credit schemes. In the process, however, many of them have failed 
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miserably not only to support agricultural credit extension but also to become 
self-sustainable institutions. Agricultural finance institutions must learn how 
to serve farmers as per demand and deliver products profitably to resolve both 
short-term cash flow problems and long-term investment needs of smallhold-
ers. Institutions must be developed to address idiosyncratic and systematic 
risks that characterize agriculture in a highly volatile agroclimate environ-
ment. Government policies must be facilitating rather than dictating insti-
tutional lending to enhance private investment in agriculture. Governments 
must refrain from directing misguided credit policies and programs, which 
are found to stifle growth and sustainability of financial institutions.

A variety of bilateral and nongovernmental organization–funded pro-
grams have recently evolved to provide various options to the challenging 
task of extending credit and other financial services to farmers, especially 
among smallholders in Africa and Asia (for example, Kloeppinger-Todd and 
Sharma 2010). For example, to address limited collateral among smaller farm-
ers, techniques have been developed to tailor lending strategies to the agricul-
tural supply chain. Thus farmers can borrow against output stored in licensed 
warehouses, or producers and processors can make binding contracts for crop 
output after which processors repay the producer’s loan to the bank. Other 
alternatives being used include direct product-distribution channels (for 
example, mobile banking), electronic point-of-sale devices (for example, those 
run by the Uganda Microfinance Union in rural areas), and partnerships with 
market-facilitating institutions. Also, as is discussed in Chapter 17, agricul-
tural insurance (for example, weather-indexed insurance) is an emerging pol-
icy area for helping farmers to manage production and investment risks (Cai 
2012; Giné and Yang 2009).

Government can help develop alternative institutions with appropriate 
incentive structures for agricultural development; a combination of bank 
finance, microfinance, and mobile finance is perhaps necessary for successful 
agro-based lending and other financial services. One group of finance may not 
fit the various needs of farmers. Examples of Thailand’s BAAC and India’s 
Bandhan Bank are perhaps instructive for other countries to follow (World 
Bank 2015b).14 They show how an agricultural development bank with a man-
date to support agriculture or a nongovernment microfinance facility in a 
rural setting—both of them relying entirely on donor funds and not permit-
ted or encouraged to mobilize savings—can be turned into a viable financial 

14 Another example is Indonesia’s Bank Rakayat Indonesia (BRI), which had gone through reforms 
for several years before it became a self-sustainble agricultural development bank (Seibel 2000). 
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institution that is now allowed to mobilize savings and able to meet the bank-
ing needs of farmers and other small rural producers. In the absence of the 
large-scale government subsidies/donor funding of the past, policymakers 
may facilitate the institutions to explore ways of expanding financial access to 
smallholders effectively and sustainably. 

Governments may support innovations in how to develop the facilitat-
ing role of financial institutions in enhancing smallholders’ access to finance. 
They need to provide a sound macroeconomic and regulatory framework, a 
prudent monitoring framework through central banks to protect savers, and 
fund innovations in financial product design and diversification via experi-
mentation. Learning from microfinance institutions and informal finance to 
use social collateral may be a way to mitigate risk in rural lending and should 
be part of innovation in agricultural finance. Institutional innovation may 
also promote linkages between formal financial institutions and microfinance 
institutions, rotating savings and credit associations (RoSCAS), and village 
banks. In short, governments should support innovations and institutional 
development but never subsidize interest rates on lending to support agricul-
tural finance. After all, government support is to be directed toward lowering 
transaction costs of banking for the poor smallholders to access financial ser-
vices such as credit. This is perhaps the only way for any government to sup-
port agricultural finance that is institutionally viable as well as effective in 
enhancing agricultural investment in support of agricultural development. 
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AGRICULTURAL INSURANCE FOR DEVELOPMENT: 
PAST, PRESENT, AND FUTURE

Miguel Robles

Agricultural production is a risky activity subject to several contingencies 
that make farming incomes unstable and unpredictable from year to year. 
Bakst, Sewell, and Wright (2016) report that the Economic Research Service 
of the US Department of Agriculture (USDA) identifies five types of farm-
ing risk: (1) human and personal risk (such as human health), (2) institutional 
risk (regarding governmental action), (3) financial risk (such as access to cap-
ital), (4) price or market risk, and (5) production risk (such as weather and 
pests). The HIV/AIDS pandemic in African countries in the early 2000s is 
an example of a human risk that affected agricultural output and labor supply 
and demand. Land expropriation, land reforms, and unanticipated changes in 
the agricultural tax system are examples of institutional risk that can depress 
investment in the agricultural sector. Nonavailability of funds in the formal 
or informal financial sector or high interest rates reflecting liquidity scarcity 
at the beginning of the crop season can limit area planted in a year. Uncertain 
crop prices at harvest time and input prices during the crop calendar can have 
severe impacts on farm income and become a social problem when affecting 
many farmers. 

Agricultural production is directly tied to weather variables such as rain-
fall, temperature, humidity, and wind. When extreme weather conditions 
occur, agricultural production typically suffers and, in some cases, may be 
lost completely. Year after year, unexpected weather extremes are a constant 
threat in several regions of the world, with devastating effects on agricultural 
production and rural livelihoods. Some examples of risky events happening 
within a short period of time globally are prolonged droughts in the Horn 
of Africa and the midwestern part of the United States, extensive floods in 
the Philippines and northern India, abnormally low temperatures in Japan 
and the United States, and heat waves in Australia and Europe. Also, extreme 
weather events allow pests and diseases to flourish, with potential large 
impacts over vast regions.
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According to Hazell and Hess (2016), risks can be characterized according 
to the following elements:

• Covariance. The degree to which they are correlated across households 
within a community or region, ranging from independent (affecting one 
person) to highly covariate (affecting everyone at the same time).

• Frequency. How often they occur.

• Types and severity of losses incurred. Shortfalls in seasonal production and 
income, damage to assets, and loss of life.

Table 17.1 expands on each of these elements and provides examples. 
The 2002 drought in Ethiopia that affected most of the country and led to 
12.5 million people requiring food aid is an example of a highly covariate risk 
that generally occurs with low frequency but with catastrophic impacts within 
affected regions. Deaths and illnesses of people in individual households or 
livestock are risks that are weakly if at all covariate but that occur with high 
frequency. In a year it is not possible to predict which individual household 
will be impacted, but the proportion of total households affected each year is 
often predictable. Other risks are moderately covariate and occur with mod-
erate frequency. These include losses in production and income or damage 
to assets due to less severe drought, excess rainfall, or market and price risks. 
When lost farm output at the local level is considerable and the degree of eco-
nomic integration with other regions is low, then the rural nonfarm economy 
might suffer as well. This is because the local demand for other goods and ser-
vices might also decrease substantially and widespread defaults on loans might 
happen as well, undermining the local rural financial systems.

Arias and Covarrubias (2006) classify agricultural risks as natural hazards 
and human-made risks and as risks that are within or beyond the control of 
the farmer (for instance, natural catastrophes or international financial crises). 
An example of a controllable risk is variations in river water flows by build-
ing proper irrigation and dam systems. Some risks are controllable to a certain 
extent, such as the effects of some plagues and diseases. This is an important 
distinction when studying crop insurance and designing policies, as access to 
insurance instruments should complement rather than substitute for best agri-
cultural practices, especially those that help reduce controllable risks. Kyle et 
al. (2016) present evidence that introducing to Indian farmers a new rice vari-
ety that reduces downside risk has the potential to increase agricultural pro-
ductivity in normal years. Insurance mechanisms should encourage this type 
of investment and be designed to take care of residual or noncontrollable risks.
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The severity of agricultural risks can be very high with catastrophic con-
sequences. Hazell and Hess (2016) document the extent of events and losses 
due to natural disasters by region. They show that more than 7,000 natu-
ral disasters occurred between 1995 and 2015 worldwide, affecting a total 
of 4.3 billion people with damages estimated at US$2.3 trillion. In Africa, 
1,145 natural disasters—including droughts, extreme temperatures, floods, 
storms, wildfire, earthquakes, tsunamis, mass movements, volcanic activ-
ity, and landslides—occurred in this period with 308 million people affected. 
In Asia, 2,977 natural disasters affected 3.8 billion people. In Latin America 
and the Caribbean, 1,268 natural disasters occurred with total damage of 
US$158 billion and 146 million people affected.

There are different options to manage agricultural risks, agricultural insur-
ance being one of them. Actions taken before the risk materializes are known 
as ex-ante measures and actions taken after the fact as ex-post. Three main 
approaches can be used: risk reduction (ex-ante); risk mitigation (ex-ante); and 
risk coping (ex-post). 

1. Risk reduction can occur in several ways: investments in hazard-resistant 
technology, such as irrigation systems and pest-resistant seed varieties, 
and through the diversification of income sources including off-farm 
employment and migration away from hazardous areas. 

2. Risk-mitigation activities include crop insurance and saving. While sav-
ing is a risk-retention strategy, crop insurance is a risk-transfer strategy. 
In the former, the amount of savings must be large enough to be pre-
pared for worst case scenarios either through own savings or by tak-
ing savings from others (credit). In the latter, only a fraction (typically 
a small fraction) of the potential losses are paid as a premium to secure 
the right to be compensated if a risk materializes; if the risk doesn’t 
materialize, the premium is lost.

3. Risk-coping strategies when uninsured shocks hit include selling produc-
tive assets such as land and livestock, cutting back on consumption, and 
reducing investments in education among others. 

Traditional Crop Insurance in Developed 
Economies
A key feature of a good agricultural insurance product is that it will com-
pensate the farmers for losses that come after any negative event for the risks 
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insured. Also, the insurance product should not induce inefficient produc-
tion or behavioral decisions (to avoid moral hazard) and should let the insur-
ance company discriminate between high-risk and low-risk clients (to avoid 
adverse selection). This is the case for any insurance market including agricul-
tural insurance. Ideally when a farmer acquires agricultural insurance, he or 
she pays a premium. If a negative event occurs, for a risk that has been insured, 
which induces a loss in his agricultural income, he expects a compensation 
from the insurance provider equal to the size of the loss. In this sense agricul-
tural insurance follows a similar logic to standard car or fire insurance. The 
insured customer pays a premium to the insurance company expecting to be 
compensated when a negative event coming from an insured risk triggers a 
loss. Standard insurance contracts are also denominated “indemnity” insur-
ance since the client is “indemnified” by the insurance provider after verifying 
the size of the loss that is attributed to an insured risk. The size of the indem-
nity is in line with the size of the evaluated loss. 

In practice, traditional agricultural insurance consists of multiple-peril or 
single-peril insurance instruments that require an insurance adjustor to phys-
ically verify assets (ex-ante) and losses (ex-post) on an individual farm basis. 
Under single-peril insurance, indemnities are paid for losses incurred for a 
single risk, such as hail. Under multiple-peril insurance, indemnities are paid 
for losses incurred from a broad range of risks. The World Bank (2005) pro-
vides an overview of agricultural insurance programs in the United States and 
Canada. These countries have been able to implement substantial programs 
aimed to reduce yield and revenue risk for agricultural producers. Although 
these programs offer a variety of risk-management products for farmers, in all 
cases programs require sizable levels of government support. 

In the United States multiple-peril yield and revenue insurance products 
are offered through the Federal Crop Insurance Program (FCIP), a public- 
private partnership between the federal government and various private- sector 
insurance companies. A comprehensive review of how the FCIP expanded 
during the 1990s and first decade of the 2000s can be found in Glauber 
(2013). A key milestone is that under the Federal Crop Insurance Act of 1980, 
the Federal Crop Insurance Corporation was encouraged to privatize delivery 
functions to the maximum extent possible and to promote a rapid expansion. 
Currently the program is delivered entirely by private crop insurance compa-
nies and independent insurance agents (Glauber 2016). 

By 2015 area insured under the program totaled almost 300 million acres, 
accounting for more than 85 percent of potentially insurable area and total 
liability (coverage in force) topped US$100 billion. Crop insurance is viewed 
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as a key piece of the federal farm safety net, and its annual costs have grown 
significantly since 2000. Estimated annual costs are projected at $8.9 billion 
over fiscal years 2016–2025, making it the largest single farm program in the 
farm safety net. By contrast, price and income support programs are estimated 
to cost $5.6 billion annually, while conservation programs are estimated at 
$5.8 billion over the same period. In the case of US federal crop insurance, 
producers are charged premiums that reflect the underlying actuarial risks of 
crop production (and revenue), and the same rates apply to all companies (no 
price competition). The government provides separate reimbursements for 
administrative and operating expenses. Also, insurance companies must take 
all eligible participants regardless of risk profile, not being allowed to turn 
down customers or adjust rates. 

In Canada, since 2003, there are two main schemes: production insur-
ance and income stabilization. The production insurance (PI) scheme offers 
producers a variety of multiple-peril production or production value loss 
products like many of those offered in the United States. One major distinc-
tion, however, is that the Canadian program is marketed, delivered, and ser-
viced entirely and jointly by federal and provincial government entities, and 
Canadian producers are not allowed to separately insure different parcels but 
rather must insure together all parcels of a given crop type. Combined, the 
federal and provincial governments cover approximately 66 percent of pro-
gram costs, including administrative costs. Beginning in 2004, the Canadian 
Agricultural Income Stabilization (CAIS) scheme replaced and integrated for-
mer income-stabilization programs. The program generates a payment when 
a producer’s current year production margin falls below that producer’s refer-
ence margin (based on an average of the program’s previous five-year margins, 
less the highest and lowest). 

It is important to emphasize that most, if not all, traditional multiple-peril 
crop insurance programs in developed countries, as well as in developing 
countries, require substantial government support. Goodwin and Smith 
(1995) concluded that purely private markets for traditional crop insurance 
are not feasible because agricultural insurance provision is too costly. This 
would make commercial unsubsidized premiums high enough to discour-
age the demand for insurance among farmers. They argue that large informa-
tional problems (moral hazard and adverse selection) are the reason why the 
provision of crop insurance is too costly.1 

1 Moral hazard occurs when insurance clients take riskier actions once insured while insurance 
companies cannot perfectly observe such actions, leading to higher indemnity payments than 
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One can ask why other insurance markets, such as car and home insurance, 
seem to work fairly well. One hypothesis is that information problems can be 
managed at a lower cost when insuring assets (cars, homes, equipment) than 
income (crop yields, unemployment), although we are not aware of rigorous 
research supporting this claim. In fact, Goodwin and Smith (1995) identify 
perils such as fire and hail for which private crop insurance do exist, although 
participation is small. One reason why such private markets are possible would 
be because measurement of such risks appears to be more straightforward, 
lowering monitoring and loss assessment costs. An open question for future 
research is whether new remote-sensing technologies could lower those costs, 
increasing the chance for commercially viable private crop insurance markets.

Insurance Opportunities for Small-Scale Farmers: 
Index-Based Insurance 
In high-income countries farmers have access to and commonly use insurance 
and other financial products (for example, futures and options and credit) to 
protect themselves from shocks. Indemnity insurance products are available, 
although largely subsidized and supported by public funds. Access to these 
types of formal financial risk management products is essentially nonexistent 
in developing countries. Without formal insurance mechanisms, small-scale 
farmers in developing countries employ ex-ante risk-mitigation strategies such 
as relying on low-risk/low-yield production techniques, which can have neg-
ative livelihood consequences in the long run. Rosenzweig and Binswanger 
(1993) found that smaller and poorer farmers in a semi-arid region in India 
sacrificed 27 percent of their expected income to reduce risk. Similar results 
have been analyzed by others (Carter 1997; Morduch 1995). 

In contrast, using a natural experiment among Chinese tobacco farm-
ers, Cai (2016) shows that provision of agricultural insurance increases the 
insured crop production by 16 percent. Cole, Giné, and Vickery (2017) find 
that insurance provision induces farmers to invest more in higher-return but 
rainfall-sensitive cash crops. Jensen and Barrett (2017) document that when 
shocks such as droughts do occur, households might rely on detrimental 

otherwise without insurance. “Adverse selection” describes a situation where a farmer’s demand 
for insurance is positively correlated with his likelihood of crop (or income) loss while the insur-
ance company doesn’t have perfect information on that likelihood of loss. Farmers with high 
risk of crop loss will likely purchase insurance in larger amounts than farmers with low risk of 
loss, leading to higher aggregate indemnity payments that make insurance companies raise their 
premiums. This would discourage low-risk farmers even more from buying insurance, which 
ends up limiting the insurance market.
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coping strategies that include selling off productive capital, skipping meals, 
and withdrawing children from school (Hoddinott 2006; Janzen and Carter 
2019). In the case of pastoralists, droughts can decrease the herd size to a 
critical level, leading to a poverty trap (Chantarat et al. 2017). The threat 
of shocks (that is, risk), the shocks themselves (that is, adverse realized out-
comes), and the strategies used to cope with them play a crucial role in the 
long-term well-being of rural households in developing countries (Rosenzweig 
and Binswanger 1993; Morduch 1995; Zimmerman and Carter 2003; Dercon 
2004; Barnett, Barrett, and Skees 2008; Barrett and Carter 2013).

Ceballos and Robles (2014) identify several reasons why agricultural 
indemnity insurance has failed to expand successfully in developing coun-
tries. First, given that farms in developing countries are significantly smaller 
than in countries like the United States and Canada, traditional crop insur-
ance products would have higher administrative costs as a percentage of total 
premiums. A portion of these costs are related to marketing and servicing 
(loss adjustment) insurance policies. Another portion is related to the lack 
of farm-level data and cost-effective mechanisms for controlling moral haz-
ard. These costs are even larger if rural infrastructure is inadequate (low- 
quality roads). Moreover, the lack of formal financial service networks and 
legal records may add to the cost of premium collection and compensation 
disbursements. 

Second, indemnity insurance is prone to significant information asymme-
try problems such as adverse selection (whereby only the most at-risk farmers 
purchase insurance) and moral hazard (whereby an insured farmer may not 
exert optimal effort to reduce risk or mitigate its impact). Both problems gen-
erally result in an increased cost that would make purely private markets non-
viable even in developed countries. Third, developing countries have more 
limited fiscal resources to support and subsidize indemnity products than do 
developed countries; and since larger segments of the population are engaged 
in farming, the scarcity of fiscal resources is even more acute. More impor-
tant, the opportunity cost of those limited fiscal resources may be signifi-
cantly greater than in a developed country. Fourth, developing countries have 
far less access to global crop reinsurance markets than do developed countries. 
Reinsurance contracts typically involve high transaction costs related to due 
diligence. For a global reinsurer to be willing to enter a market, the enabling 
environment must foster confidence in contract enforcement and institu-
tional regulations. An enabling environment is, in fact, a prerequisite for effec-
tive and efficient insurance markets, and these components are largely missing 
in developing countries. 

570 Chapter 17



Index insurance is promoted as a low-cost alternative for conventional 
insurance products (Alderman and Haque 2007; Barnett, Barrett, and Skees 
2008; Hazell et al. 2010; Mahul and Stutley 2010). With index insurance 
products, payments are based on an independent measure regarded as highly 
correlated with farm-level yield or revenue outcomes. Unlike traditional crop 
insurance that attempts to measure individual farm yield loss or revenue loss, 
index insurance makes use of variables exogenous to the individual policy-
holder—such as temperature or rainfall measurement—but have a strong cor-
relation to farm-level losses. The index can also be an average in an outcome 
related to loss over a small area, such as average crop yield or livestock mortal-
ity rate. They can be estimated using statistical sampling (such as random crop 
cuttings) or average pasture damage based on satellite observations.

As an example of a typical weather index insurance product, consider the 
one presented by Ceballos, Kramer, and Robles (2018) to insure Indian wheat 
farmers against excessive unseasonal rains. They use the maximum accumu-
lated rain (in millimeters) over any two consecutive days during February 
through April as the index that could trigger a payment. And that happens 
when the index takes a value equal to or higher than a number called the index 
strike. The higher the index value, the higher the compensation per acre to 
the farmer up to a maximum that reflects the cost of production per acre. The 
index value is computed using data from a local reference weather station. It is 
relevant to discuss the following aspects that are common to most agricultural 
index insurance products. 

The Index

The selected index must be highly correlated with yield loss or revenue loss for 
farms across a geographic area. Ideally one would like to use data on histori-
cal yields and rainfall to establish a model (mathematical, statistical, or agro-
nomical) to help select the best index. Unfortunately, in many rural contexts 
in developing countries, such data are not available and/or the data quality is 
very low. Consultation with farmers and local experts can help identify the 
best index selection. The index must satisfy other properties that would make 
clients trust the product. 

First, the index must be observable and easily measured by an indepen-
dent party. Typically the national meteorological agency is the best candidate 
to measure weather data as it has the expertise and reputation to do it as part 
of its regular activities. Based on daily weather records the independent party 
can periodically (daily) compute the index and make the information publicly 
available through, for example, a website or local media. Second, the index 
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must be calculated objectively following well-defined protocols known to all 
parties involved, including farmers. Such protocols should include the data- 
collection process, the specific formula for index value calculation, and how to 
handle contingencies such as temporary weather station malfunctions.

Third, the index must not be subject to tampering and human manip-
ulation. This implies setting supervision protocols and restricting access to 
weather stations. In a 2015 weather index program implemented in Uruguay, 
automatic weather stations were installed in police stations to ensure proper 
supervision. Having algorithms that can quickly detect abnormal changes 
in rainfall or index values can help detect tampering and/or malfunction-
ing. Finally, the index should be reportable in a timely manner. When insured 
farmers suffer a crop loss, the faster the insurance payment arrives the better. 
Working with automatic weather stations or satellite data can significantly 
reduce the time to report the index and determine payment amounts and that 
can quickly reach the affected farmers.

The Payment Schedule 

Payment amounts are estimated ex-ante, based on the best available prediction 
on what could be the yield loss for every possible value of the index and con-
sidering partial and full crop loss. In general, the payment schedule is struc-
tured as a function that goes from index to payment, and in principle this 
function could take different shapes depending on how the estimated crop 
loss is related to the index. In practice, most index products take a linear pay-
ment function to compensate for ex-ante estimated partial crop loss up to a 
point beyond which full crop loss is assumed. 

Main Advantages of Index Insurance 

There are three main reasons why index-based insurance has been regarded as 
having great potential to reach smallholder farmers in developing countries.

1. Lower administrative costs. Given that payments are based only on pub-
licly observed data, inspections of individual farms are not required, 
thus reducing drastically loss verification costs. The cost of sending an 
agent to assess yield loss at a remote small farm can be quite large rel-
ative to the insurance compensation, making premiums too high to 
be financially viable. With index insurance this cost is eliminated and 
replaced by the cost of generating, collecting, and reporting index data.

2. Asymmetric information problems are minimized. Two classical prob-
lems in the insurance literature are moral hazard and adverse selection. 

572 Chapter 17



Deductibles, copayments, or other partial payments for loss are com-
monly used by traditional indemnity insurance providers to mitigate 
these problems, although the evidence for agricultural insurance in par-
ticular is that informational problems are high enough to prevent the 
existence of purely private all-risk crop insurance markets. However, 
index insurance is not subject to moral hazard as the likelihood of mak-
ing payments does not depend on the client’s behavior but only on the 
index value. Clients have no incentive to take extra risk as they will not 
be protected for the additional risk. Similarly, adverse selection prob-
lems are much lower with index insurance because the likelihood of 
insurance payments is not affected by the type (high or low risk) of 
farmer buying insurance but only by the probability that the index will 
trigger payments. High risk farmers might select themselves in buying 
more insurance compared to low risk farmers, but this will not be an 

“adverse” selection as it will not have an impact on the average insurance 
payments. Also, it is very unlikely that farmers will have better infor-
mation than the insurer regarding the probability distribution of the 
index value. Because index insurance is not subject to asymmetric infor-
mation problems, there is less need for deductibles and copayments and 
few restrictions need to be placed on the amount of coverage a farmer 
decides to purchase. 

3. Quick payment disbursement. Index insurance compensations can be 
quickly determined based solely on index readings and the preestab-
lished payment schedule. Therefore payments can be disbursed quickly 
to farmers not long after the end of the coverage period (in some cases 
even before). New technologies are helping to make the disburse-
ment compensations even faster. With automatic weather stations that 
can report weather variables online, the index can be computed and 
reported at a very high frequency (daily) and compensations calculated 
immediately. Also, with more farmers accessing mobile banking, they 
will see payments in their accounts as soon as the insurer and corre-
sponding bank authorize them. 

Index Insurance Challenges

Although index insurance has some important advantages that make it a 
promising product among smallholder farmers in developing countries, it 
presents some disadvantages that prevent an agricultural microinsurance revo-
lution based on index-based products. 
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BASIS RISK 

“Basis risk” refers to the potential mismatch between index-triggered pay-
outs and actual losses. It occurs when an insured farmer has a loss and does 
not receive an insurance payment sufficient to cover the loss that resulted due 
to the insured risk. This is known as “downside basis risk.” The opposite sit-
uation, referred to as “upside basis risk,” takes place when a farmer has a loss 
(or no loss at all) and receives a compensation that exceeds the loss amount. 
Clarke (2016) formally defined basis risk as the unconditional probability of 
both experiencing a critical loss and not receiving an insurance payout (down-
side basis risk) or as the unconditional probability of both not experiencing a 
critical loss and receiving an insurance payout (upside basis risk). The worst 
situation would be one in which an insured farmer has total or close-to-total 
crop loss and the observed index does not trigger any payment. 

According to Ceballos (2016), a broad characterization of the different 
components of basis risk can be thought of as (1) spatial basis risk and (2) 
design risk. “Spatial basis risk” is related to the geographic variation between 
the index being measured at the farmer’s plot and the index being measured 
somewhere else—for example, at a distant weather station. Since the relevant 
rainfall that explains crop yields is the rainfall at the farmer’s plot, the larger 
the distance between the reference weather station and the farm of the insured 
farmer the lower the expected correlation between the index (computed with 
data from the reference weather station) and crop yields. “Design basis risk” 
is related to the design of the insurance product, including the choice of the 
weather variable(s) and the specific index as well as the functional form of the 
payment schedule. Even if there were a weather station at every farm (no spa-
tial basis risk), the correlation between crop yield loss and the index can be 
far from perfect. Also, how specifically one links the index to payments (for 
example, linearly) could be another source of basis risk. The more data and 
knowledge from experts, the higher the chances to select a better index and 
payment schedule to maximize the correlation with farmer losses.

In practice, there is a third source of basis risk that is related to idiosyn-
cratic farmer characteristics. In the design of an index product one collects 
the best data and expert knowledge available to design a product targeting 
the typical or average farmer in a region. However, farmers could be heteroge-
neous in several dimensions, including farming practices and plot character-
istics (such as soil quality) that make them depart from the “average” regional 
farmer. Therefore the index product might not perfectly fit the risk profile of 
any farmer other than the “average” one. 
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An index product with too much basis risk is an insurance product that 
offers poor insurance coverage as payments do not come when most needed 
(high losses) and might come when not needed (no loss). It is expected that 
above a certain level of basis risk a farmer would not demand the index prod-
uct (see Clarke 2016 and Hill, Robles, and Ceballos 2016 for a formal discus-
sion). Also, basis risk might introduce behavioral aspects that would make 
index-based products even less appealing. For example, Carter, Elabed, and 
Serfilippi (2015) show that in the presence of basis risk, farmers might become 
excessively sensitive to insured basis risk in a way that is not consistent with 
standard expected utility theory. 

LACK OF INFRASTRUCTURE AND INFORMATION

To design index products, historical data are needed to correctly estimate 
probabilities of triggering payments and to price the product. In developing 
countries, especially in rural areas, this could be a serious limitation as such 
historical data are nonexistent or of poor quality. Data limitations have been 
emphasized by Miranda and Farrin (2012) and others as a serious constraint 
to the expansion of index insurance programs beyond small-scale pilots, and 
they suggest that governments and donors should take responsibility for col-
lecting and maintaining index data, given their public-good nature. Similarly, 
a dense network of weather stations is needed as one would like to limit spatial 
basis risk. Again, in developing countries these networks are often not very 
dense. One way to overcome these limitations is by using satellite information 
to proxy for weather information and/or other variables that can inform about 
crop yields (greenness index, area leaf index, and so on).

COMPLEXITY

Index products are not necessarily easy to understand for potential clients, 
especially as the level of education among smallholder farmers in developing 
countries is unfortunately still low. As farmers might not easily understand an 
insurance product that pays based on readings from a distant weather station, 
or even worse based on satellite information, they might be reluctant to pur-
chase it. Several studies reviewed in the next section show how lack of product 
understanding explains low insurance demand. While private insurers might 
invest in marketing their products, Hazell and Hess (2016) suggest that their 
educational efforts will be far from socially optimum levels and that govern-
ment and donor interventions will be required. Also, designing and pricing 
index products is not straightforward and requires professionals with relevant 
expertise. In many instances these professionals might not be available locally 
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or among the staff of local microfinance institutions that would be natural 
candidates to design and offer index products to smallholder farmers. This 
might limit the supply.

The Current State of Agricultural Index Insurance 
in Developing Countries
Hazell and Hess (2016) estimate that the total number of insured small-
holders in 2014 in the developing world is 198 million, with approximately 
650,000 in Africa, 3.3 million in Latin America and the Caribbean, and 
about 194 million in Asia, including 160 million in China and 33 million 
in India.2 Other estimates are provided by the regional landscape studies 
conducted by the Micro Insurance Centre, as part of the Microinsurance 
Network’s World Map of Microinsurance (Microinsurance Network n.d.). A 
total of 1.1 million Africans were identified as being covered by agricultural 
microinsurance as of the end of 2014 (Micro Insurance Center 2016). Since 
2014, index-based agricultural microinsurance has become more popular in 
Latin America and the Caribbean; the number of people covered by agricul-
tural insurance has increased by 129 percent, from 35,000 in 2014 to 80,000 
in 2017 (A2F Consulting 2018). In Asia and Oceania the number of people 
covered by agricultural microinsurance in 2012 is estimated at 23.8 million, 
and agricultural products were registering the highest growth of all micro-
insurance product types. These numbers do not include social agricultural 
microinsurance schemes, which are mainly delivered as products tied to crop 
loans in these countries. China’s PICC agricultural insurance scheme is the 
largest scheme and covers more than 100 million individuals. India’s National 
Agricultural Insurance Scheme and Pakistan’s Crop Loan Insurance are also 
large programs with an outreach of 16.3 million and 10.5 million respectively. 

The most comprehensive study assessing the extent of agricultural insur-
ance around the world was conducted by Mahul and Stutley (2010) based 
on a survey of 65 countries and showing the situation through 2007. Hazell 
and Hess (2016) summarize very well the most salient facts of this study, 
among them:

2 See Hazell and Hess (2016), Appendix 1, for a detailed list of agricultural insurance programs in 
the developing world.
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• Lower-middle-income and low-income countries accounted for only 
7.5 percent of the total agricultural insurance premiums (including pre-
mium subsidies) of US$15.1 billion.

• Market penetration remains small, even in rich countries. The total insur-
ance premium collected (including subsidies) amounted to 0.9 percent of 
agricultural gross domestic product, ranging from virtually zero in low- 
income countries to 2.3 percent in high-income countries (5 percent in 
North America).

• 82 percent of countries offered both crop and livestock insurance, but crop 
insurance accounted for 90 percent of the premium.

• Multiple-peril crop insurance was available in 65 percent of the countries 
but was most popular in the middle-income countries. Named peril insur-
ance was even more widely available (in 69 percent of countries) and was 
even available in half of the low-income countries.

• Index-based crop insurance is available, mainly at a pilot stage and with 
very low aggregate premium volume, in one in three surveyed countries. 
Area-yield insurance was available in 15 percent of the countries, and 
weather-index insurance in 22 percent of countries. Index-based insurance 
had also penetrated the low-income countries; 17 percent had area-yield 
insurance and 33 percent had weather-index insurance.

Although index-based insurance has been regarded as having great poten-
tial to reach smallholder farmers in developing countries, attracting a lot of 
attention from donors, international organizations, governments, research-
ers, and microfinance institutions, most programs have repeatedly experienced 
low take-up, due to among other reasons basis risk (low-quality products), 
lack of trust in the insurance company, lack of understanding of the product, 
liquidity constraints, or crowding out of insurance by implicit public guar-
antees. Currently India is the country with the largest partially subsidized 
agricultural index insurance program with more than nine million farmers 
purchasing index products, although this can be explained to a large extent by 
the fact that agricultural insurance is mandatory for those who want access to 
agricultural credit.

Some of the most successful cited index-based insurance programs in the 
developing world are the following (see Greatrex et al. 2015 for a full descrip-
tion of these programs):
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• The Indian National Agricultural Insurance Scheme (NAIS) started 
in 1999 and over time has been complemented by the modified NAIS 
(mNAIS) and the Weather-Based Crop Insurance Scheme (WBCIS). 
These programs insure cereals, millets, pulses, oilseeds, and horticul-
tural products. In 2013 the programs provided coverage to 16.79 million 
farmers under NAIS, 3 million under mNAIS, and 13.62 million under 
WBCIS. Considering that the number of farmers in 2011 is estimated at 
118.7 million, insurance penetration was at most 28 percent at the country 
level.3 The programs are state-subsidized. 

• The Agriculture and Climate Risk Enterprise (ACRE, formerly Kilimo 
Salama) started in 2009 and now operates in Kenya, Rwanda, and 
Tanzania. In 2013 it provided coverage to more than 187,466 farmers, 
60 percent in Kenya and 40 percent in Rwanda, for the following crops: 
maize, beans, wheat, sorghum, coffee, and potatoes. The program has 
strong links to aggregators and mobile technology and offers a wide range 
of products, mostly linked to credit or inputs.

• R4 Rural Resilience Initiative (formerly HARITA) started in 2009 in 
Ethiopia and now operates in Senegal as well. In 2014 it provided coverage 
to 24,133 farmers in 82 villages in Ethiopia and 1,989 in Senegal to insure 
teff, beans, maize, wheat, barley, sorghum, and millet. This is a farmer-led, 
integrated risk management project in which farmers can pay premiums 
with labor employed in risk-reduction projects. Satellite rainfall indexes are 
used in the design of products.

• Index-Based Livestock Insurance Project in Mongolia was created in 2006. 
In 2014 it provided insurance for livestock (camels, cattle, sheep, goats, and 
horses) of approximately 15,000 herders. This is a public-private partner-
ship with innovative risk layering.

• Index-based livestock insurance started in 2010 in Kenya and provides pro-
tection against drought to pastoralists with camels, cattle, sheep, and goats 
(Chantarat et al. 2013). Approximately 3,000 contracts have been sold up 
to 2016. This is an innovative cattle mortality index-based insurance based 
on satellite data and a normalized difference vegetation index (NDVI).

3 See India, Ministry of Agriculture (2018). 
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Index Insurance Take-Up: Empirical Evidence
Most agricultural index insurance pilot programs in developing countries 
show that the overall demand for index products is still very low even in the 
presence of large premium subsidies. Among multiple studies, in India, Gine, 
Townsend, and Vickery (2008) report a lower than 5 percent take-up rate in 
Andhra Pradesh, and Cole et al. (2013) report that in 2006 one contract was 
estimated to be sold for every 13.2 households in Indian villages where rain-
fall insurance contracts were available and households that buy insurance gen-
erally purchase just one or two policies, hedging only a modest fraction of 
monsoon agricultural income. Hill, Robles, and Ceballos (2016) report over-
all take-up rates of 6.8 percent and 4.0 percent during 2011 and 2012, respec-
tively, in Madhya Pradesh. A more encouraging study is Karlan et al. (2011), 
reporting a 40 percent to 50 percent take-up in Ghana at fair price plus a 
50 percent loading, although there is an income effect as farmers were offered 
grants to access insurance products. In sum, uptake to this date has been gen-
erally disappointing, and the empirical and academic literature on demand for 
index insurance has mostly focused on household and contract characteristics 
that vary within a given project (Jensen and Barrett 2017). This approach is 
useful for conducting econometric analysis to study marginal impacts in the 
demand for insurance. 

Basis risk is a usual suspect to explain low demand for index products. The 
higher a product’s basis risk, the less hedging it provides to a farmer (Miranda 
and Farrin 2012; Binswanger-Mkhize 2012; Clarke 2016). Studies that quan-
tify basis risk find that it can be considerable. Jensen, Barrett, and Mude 
(2016) find that in the Index-Based Livestock Insurance (IBLI) program in 
northern Kenya, policyholders are left with an average of 69 percent of their 
original risk; in other words 69 percent of all potential losses are not compen-
sated by the insurance product. This is surprisingly high as the IBLI product 
is regarded as close to a best-case scenario since the index was selected based 
on a regression model using a long panel of household data to expressly mini-
mize basis risk.

Although IBLI reduces exposure to covariate risk by an average of 
63 percent, the presence of idiosyncratic risk is high, accounting for a large 
overall basis risk. Clarke et al. (2012) find in the Weather Based Crop 
Insurance Scheme (WBCIS) in India that the relationship between claim pay-
ments and yields appears to be rather weak, with low average claim payments 
in the event of extreme yield losses (in the event of a zero yield, the average 
WBCIS claim payment is only 12 percent of the sum insured). They esti-
mate that conditional on total crop loss (average crop yield of zero), there is a 
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one-in-three chance of receiving no claim payment from the WBCIS. Other 
studies estimate by how much exogenous variations in basis risk (proxied by 
distance to weather stations) reduces demand for index products. Hill, Robles, 
and Ceballos (2016) find that doubling the distance to a reference weather 
station decreases demand by 18 percent. Mobarak and Rosenzweig (2012) 
estimate that for every kilometer increase in the (perceived) distance of the 
weather station for a farmer without any informal risk protection, there is a 
drop-off in demand for formal index insurance of 6.4 percent. Karlan et al. 
(2014) and Jensen, Barrett, and Mude (2016) also study the impact of basis 
risk on demand, although they don’t have access to exogenous variations to 
basis risk.

Lack of product understanding is also regarded as an important driver for 
low take-up of index insurance. Index-based products might not be easy to 
understand, which is made even more problematic by the low levels of formal 
education among small farmers in developing countries. For example, Hill, 
Robles, and Ceballos (2016) report that on average farmers with 3.5 acres of 
land have less than 4.5 years of formal education in a selected sample of rela-
tively better-off small famers in Madhya Pradesh, India. In Karlan et al. (2014) 
only 15 percent of farmers in the selected sample are literate; these are farm-
ers that on average have less than 8 acres of land. Similarly, Cole et al. (2013) 
show that 67 percent of household heads in Andhra Pradesh and 42 percent 
in Gujarat have at most primary school education. 

Also, many smallholder farmers have no experience with formal measure-
ments of weather variables and, for example, cannot relate to rainfall mea-
sured in millimeters per day. Satellite data, normalized difference vegetation 
index, and leaf area index are all unknown concepts for most of them. And 
experience with any type of formal insurance contract or product is also not 
common. All these elements make the understanding of index products dif-
ficult. Hence promoting the demand for index-based products requires edu-
cating farmers on the general concepts of insurance and the specifics of index 
insurance products. Experimental studies have found that improved under-
standing of the product is an important demand driver. Hill, Robles, and 
Ceballos (2016) find that the impact that increased investments in training 
have on demand for weather-index products is significant in the short term. 
Households that receive more intense training are 5 percentage points more 
likely to purchase the insurance product in the season immediately following 
the training. Gaurav, Cole, and Tobacman (2011) find that a two-day educa-
tional program, involving games that simulate rainfall insurance, did increase 
rainfall insurance demand by 5 percentage points.
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Another challenge to demand is trust. Index insurance pilots often are 
implemented in regions where insurance companies have little or no pres-
ence and where farmers have no previous experience with insurance products 
in general. In these regions there is little legal recourse in reclaiming insur-
ance payments. For index insurance, the expected payout is difficult to know 
because the relationship between weather and loss is imperfect. And when the 
insurance provider is better informed on risk, farmers must rely on the insur-
ance company in setting a fair price. Relations of trust with the insurance pro-
vider and its agents are thus very important for uptake. Lack of trust resulting 
in low willingness to pay for index insurance has been confirmed experimen-
tally. Cole et al. (2013) show that endorsement of the insurance product from 
a trusted third party increased uptake by 40 percent compared with farmers 
who heard of no endorsement. In the context of an insurance for sows and a 
large randomized natural field experiment conducted in southwestern China, 
Cai et al. (2009) provide several pieces of evidence suggesting that trust, or 
lack thereof, for government-sponsored insurance products is a significant bar-
rier for farmers’ willingness to participate in the insurance program. 

Cai et al. (2015) find that in China trust is established by experiencing pay-
outs to oneself or by witnessing payouts to members of your social network. 
Payouts were the main instrument in building trust, suggesting that trust 
can be increased by initial subsidies to boost demand and increases the like-
lihood of observing actual payouts, or by increasing the frequency of payouts 
by insuring smaller high-frequency losses in addition to larger low-frequency 
losses (Carter 2009). Dercon, Gunning, and Zeitlin (2016) have developed 
a theoretical model of insurance demand under limited trust and using field 
and laboratory-experimental data from a randomized controlled trial intro-
ducing a composite health insurance product to tea farmers in Kenya. They 
find evidence that limited trust is an important barrier to the adoption of 
insurance, particularly among poor and risk-averse households. 

Hellmuth et al. (2009) document that (1) in an Indian contract farming 
case study involving PepsiCo, farmers trust the program because of its timely 
settlement of claims; (2) Oxfam’s long-standing presence in Ethiopia, com-
bined with high levels of respect and trust for its local partner NGO, the 
Relief Society of Tigray (REST), made farmers willing to explore weather- 
index insurance; and (3) feedback from Thai farmers suggested that the 
primary motivation for purchasing insurance was trust in the Bank for 
Agriculture and Agricultural Cooperatives (BAAC), an institution that has 
long-term relationships with the farmers. They conclude that the lesson is 
clear: identifying partner organizations that farmers already trust is critical 
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to successfully scale up index insurance programs. Government regulation 
and providing legal recourse to farmers is also important in building trust on 
insurance schemes because premiums are generally paid at the onset of insur-
ance contracts, leaving farmers with the risk associated with contractual non-
performance. Karlan et al. (2014) conclude that trust is a key issue that can be 
tackled through product design (increasing states of the world with payouts), 
proper linkage with trusted institutions, and proper regulation.

Demand for index insurance is price sensitive. Jensen, Barrett, and Mude 
(2017) report that published estimates of price elasticities range from −0.35 
to −1.16, and often demand remains very low even when premiums are heav-
ily subsidized. Cole et al. (2013) found insurance demand in the Indian states 
of Andhra Pradesh and Gujarat to be highly price elastic, with a 10 percent 
reduction in the price of insurance associated with a 10 percent to 12 percent 
increase in insurance take-up. Karlan et al. (2014) find that 40 percent to 
50 percent of Ghanaian farmers purchased insurance at actuarially fair prices, 
but take-up rates dropped to 10 to 20 percent when charged double the actu-
arially fair price. Mobarak and Rosenzweig (2012) find the price elastic-
ity of insurance demand to be −0.44, and Hill, Robles, and Ceballos (2016) 
estimate the price elasticity as −0.58 and show that price elasticity is sensi-
tive to different levels of basis risk. They find that households located less 
than 5 kilometers from a weather station have a sensitivity to price almost 
10 times higher than that of those located more than 12 kilometers from a 
weather station.

Standard insurance models predict that in the absence of basis risk, 
demand for insurance is increasing with the degree of risk aversion. However, 
Clarke (2016) provides a theoretical framework predicting that in the pres-
ence of basis risk and premiums above the actuarially fair price there is a 
hump-shaped relationship between demand and risk aversion: insurance 
demand is initially increasing with risk aversion before decreasing such that, 
for very risk-averse farmers, purchasing insurance makes them worse off. Hill, 
Robles, and Ceballos (2016) provide indicative evidence of the predicted 
hump-shaped demand for index insurance.

Liquidity constraints have been shown to be important to demand rates 
across a variety of products and populations, which suggests limitations in the 
use of commercial index insurance as a tool for helping the poorest subpop-
ulations (Jensen, Barrett, and Mude 2016). Note that farmers would have to 
buy agricultural insurance at the start of the growing season, when there are 
many competing uses for limited funds increasing the opportunity cost of 
insurance. Giné, Townsend, and Vickery (2008) provide empirical evidence 

582 Chapter 17



that credit constraints reduce the probability of take-up by 30 percent. Cole 
et al. (2013) find suggestive experimental and nonexperimental evidence that 
liquidity constraints reduce demand. After randomly assigning certain house-
holds with high cash rewards (enough to buy one policy), they observe that 
take-up increases by 140 percent with a magnified effect among poor house-
holds, which are likely to have less access to credit markets. 

Jensen, Mude, and Barrett (2018) find suggestive evidence that reducing 
liquidity constraints is associated with an increase in the demand for index-
based livestock insurance (IBLI) in northern Kenya. Two studies remove 
credit constraints by directly postponing premium payments until harvest 
time. Liu et al. (2016) finds that for a government-managed livestock mor-
tality insurance in China, delaying premium payment increases take-up from 
5 percent to 16 percent. Casaburi and Willis (2018) show that in the context 
of a randomized controlled trial in Kenya, take-up goes from 5 percent to 
72 percent among sugarcane producers. However, insurance companies will 
not be willing to postpone premiums until harvest time unless new mech-
anisms to enforce premium payments are available. In Casaburi and Willis 
(2018), default on premiums is less of a concern since the product is inter-
linked with a contract farming scheme.

Most of the empirical work studying the demand for index insurance has 
the standard expected utility theory as the theoretical framework. However, 
recent work based on behavioral economics provides additional explanations 
for low index insurance take-up. Carter, Elabed, and Serfilippi (2015) find 
that substantial numbers of farmers depart from expected utility behavior 
in ways that predict excess sensitivity to uncovered basis risk in index-based 
insurance contracts. Experiments by Elabed and Carter (2015) find that farm-
ers perceive index-insured risk as a compound lottery with uncertainty around 
the insured risk and uncertainty around how well the index will reflect their 
losses (basis risk). They find that 60 percent of their sample from southern 
Mali are compound risk averse and that in the presence of moderate basis 
risk, the levels of compound risk aversion observed in their sample could 
cut demand for index insurance in half, amplifying the already detrimental 
impact of basis risk on demand.

In a dynamic setting, an interesting piece of evidence shown by Cole, Stein, 
and Tobacman (2014) is that demand is highly sensitive to payouts being 
made in a household’s village in the most recent year, with the effect being 
stronger when more individuals in a village receive payouts, and the effect 
remains positive over multiple seasons, but the estimated size decreases over 
time. As pointed out by the authors, these results stand in contrast to standard 
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rational models, in which the realization of recent insurance outcomes should 
not affect forward-looking insurance decisions. 

Challenges and Recommendations to Scale Up 
Agricultural Insurance in Developing Countries
The main challenge of agricultural insurance in developing countries is how to 
create sustainable agricultural microinsurance markets. To meet this challenge, 
the following three elements are needed: (1) designing high-quality products 
that are commercially viable with minimum possible government support, (2) 
existence of a large and sustained demand, and (3) presence of a competitive 
supply mainly from the private sector. Given limited resources in develop-
ing countries and many other sectors requiring attention, promoting strong 
private-sector participation in agricultural microinsurance markets comple-
mented with well-targeted government support is the most realistic option. 

The evidence with traditional all-risk indemnity insurance programs in 
developed countries is that they require massive government support because 
of high costs due to information asymmetries (moral hazard and adverse selec-
tion), let alone the political economy behind disguised transfers from tax pay-
ers to farmers as premium subsidies. The small-scale nature of farming in 
developing countries would add costs to such traditional insurance schemes, 
making them nonviable unless new technologies or approaches make them 
feasible at affordable rates to either small-scale producers or governments 
willing to provide support within their limited budgets. In a broader context 
agricultural microinsurance markets should provide incentives to adopt best 
agricultural practices rather than substitute for them, complement other effi-
cient risk management strategies such as risk-reduction investments includ-
ing newly available seed varieties that have tolerance to abiotic shocks, such 
as flood, drought, and extreme temperatures, and when possible become an 
ex-ante system for government disaster risk management. 

High-Quality Insurance Products Commercially Viable

A high-quality agricultural insurance product is one that compensates farmers 
when and only when they suffer a crop or income loss and the amount of the 
compensation is in direct proportion to the size of the loss. It is known that 
traditional indemnity insurance products are in this sense high-quality prod-
ucts but unfortunately, because of information asymmetries and monitoring 
and loss assessment costs, they are not commercially viable. Index-based prod-
ucts, however, have low monitoring and loss assessment costs and minimize 
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if not eliminate information asymmetries, but they introduce basis risk, the 
imperfect relationship between the indemnity payments and the actual 
insured losses. When basis risk is too high, the insurance product is more like 
a lottery ticket. Most efforts are being placed in trying to reduce basis risk for 
index-based products.

Recent innovations in index insurance design are worth noting (Jensen 
and Barrett 2017). The ACRE product in Kenya provides a menu of coverage 
options, each developed to cover a specific agricultural phase, allowing clients 
greater flexibility in the risk that they choose to insure. The index-based live-
stock insurance (IBLI) product in Kenya used historical household-level data 
and econometric methods to statistically minimize expected basis risk. Hill 
and Robles (2010) have proposed an approach that is based on a variety of 
weather contracts in a region and then allow individual farmers the flexibility 
to form their own portfolios of weather contracts that best match their own 
crop mix and locational characteristics. 

The following actions will help in designing better index products (see 
Hazell and Hess 2016 and Carter et al. 2017):

• Increase the number and dispersion of weather stations to better cap-
ture the spatial diversity of farming conditions in a region. Technological 
advances are rapidly reducing the cost of adding automatic weather sta-
tions, and in some countries private firms offer weather station services 
for a fee (for example, India). Although additional weather stations could 
add to the cost of developing and marketing index contracts, and as new 
weather stations come without site-specific historical records, the calcula-
tion of “synthetic” datasets based on the triangulation of existing historical 
weather data will be required.

• Invest in agrometeorological research and crop-weather modeling to iden-
tify weather indexes that minimize basis risk for as many households as 
possible in a region given the available weather data.

• Insure groups of farmers who can pool basis risk among themselves 
through local institutions. This idea is based on the theoretical work of 
Dercon et al. (2014) that has been explored in a series of insurance games 
by McIntosh, Povel, and Sadoulet (2019). 

• Limit the insurance to the kinds of low-frequency, high-impact weather 
risks that affect most people in a region at the same time. In this case indi-
vidual losses would be more highly correlated with the insured weather sta-
tion event (Giné, Townsend, and Vickery 2007).
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• In the absence of weather stations and any local weather data at all, area-
based yield insurance might be a viable alternative. Mongolia has pioneered 
a livestock insurance program in which the index is a county-level livestock 
mortality rate measured through an annual livestock census (Hellmuth et 
al. 2009).

• Complement the primary index-based contract with a secondary contract 
that can be index-based over a broader area or damage assessment–based 
(Carter et al. 2014), minimizing as much as possible downside basis risk 
by adding an audit rule (see Flatnes and Carter 2015) that, for example, 
is triggered when more than a certain fraction of farmers after not being 
compensated request a sample of crop-cutting exercises.

There has been a lot of recent innovation in developing indexes that can be 
assessed remotely with satellites at a high resolution (for example, 5 hectares), 
such as cloud cover, vegetative cover, or soil moisture content for a chosen 
region during critical agricultural periods.

A more recent and innovative approach—picture-based insurance (PBI) 
aiming at developing high-quality insurance products—has been proposed 
by Ceballos, Kramer, and Robles (2019). It is based on taking regular geo-
referenced pictures using smartphones as a mechanism to deliver plot-level 
assessments of damage at low cost. This approach takes a different direction 
in the sense that it moves away from a standard index-based product and goes 
back to the idea of traditional indemnity insurance but using new technolo-
gies to reduce loss assessment verification costs. The aim of PBI is to combine 
key advantages of both index-based insurance (timely compensations without 
expensive loss assessments) and indemnity insurance (minimum basis risk and 
an easy to understand product). 

The product takes advantage of recent advances in image processing 
for near-surface remote sensing (see Richardson et al. 2018), aims to apply 
machine learning in developing algorithms that can capture accurately losses 
from a time-series of images, and expects that direct participation of farmers 
in the insurance process will increase understanding of and trust in the prod-
uct. While PBI is being tested at a small scale with wheat farmers in India, 
interestingly Kramer et al. (2017) find indicative evidence that farmers are 
willing to pay more for PBI than for a comparable weather index–based prod-
uct. The main challenge of this approach would be to overcome possible moral 
hazard and adverse selection issues and to enforce that insured farmers comply 
with picture taking according to certain protocol. One option to be explored 
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is to link PBI with agro-advisory services based on the same time-series of 
images. In any case, PBI is a work in progress.

Large and Sustained Demand

So far, the only forms of index insurance to be adopted at scale have been area-
yield insurance in both China and India, which are heavily subsidized, and 
in the Indian case, are compulsory for farmers who take agricultural loans 
from state banks. Everywhere else in developing countries the demand is 
very low, limiting the interest of private providers to participate in these mar-
kets. To have a larger demand, the first step is to have a high-quality prod-
uct and more generally a value proposition to farmers. As explained earlier, a 
high-quality index product is one with no or small basis risk. But besides hav-
ing a high-quality product, there are other options that can help in inducing a 
higher demand.

A major challenge to demand is client education and trust. Here there is 
a role for government intervention by providing insurance literacy programs 
among potential clients. Also, the government has a critical role in providing 
a sound regulatory environment to provide standards for consumer protec-
tion and improving trust. This should include standard insurance regulations, 
such as minimum capital-to-liability holdings requirements for insurers and 
reinsurers, clear index certification processes, a process for speedy and acces-
sible disputed settlement resolutions and regulations, allowing for unconven-
tional insurance agents such as NGOs or microfinance institutions (Jensen 
and Barrett 2017), which are more familiar to small farmers. 

Developing quality standards and metrics for measuring and dissemi-
nating information on product quality is highly recommended (Carter et al. 
2017). Assuming a latent untapped demand for high-quality insurance exists, 
if consumers could distinguish between two equally priced products of dif-
fering quality, market forces could be relied on to reward investments in qual-
ity (Jensen and Barrett 2017). Providing smart subsidies is another possibility 
(Hazell and Hess 2016). The evidence shows that agricultural microinsur-
ance is unlikely to ever scale up quickly without increased levels of public sup-
port by governments and donors. Provision of subsidies is more obvious when 
insuring disaster relief agencies, given difficulties in recovering costs from 
poor beneficiaries. More generally, if subsidies are not used carefully, they 
might encourage farmers to take on too much risk and environmentally dam-
aging practices, increasing their dependence on future subsidized assistance. 
For using subsidies in smart ways that avoid creating disincentive problems, or 
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becoming a financial burden on the state, the following principles should be 
applied: 

• Subsidies will be less distorting if made directly to the insurer to offset 
administration and development costs rather than subsidizing the pre-
mium rates paid by farmers. 

• If premium rates are to be subsidized, it is better to do this on an ad- 
valorem—that is, per farmer basis—rather than on a risk-premium propor-
tional basis, to benefit smaller and poorer buyers who buy smaller amounts 
of insurance. 

• The final subsidized net premium for the farmer should not be lower than 
the pure risk, so that farmers will not have an incentive to gamble the sys-
tem or plant the wrong crops in the wrong areas. 

• There should be an explicit exit strategy or strategy for long-term 
financing. 

Expanding index insurance beyond farmers may be desirable, as it has the 
potential to insure many other types of rural people who are engaged in non-
agricultural activities that are dependent directly or indirectly on local agricul-
ture—for example, agricultural traders and processors, landless workers, and 
village shopkeepers.

Recently Casaburi and Willis (2018) show that postponing premium pay-
ments until harvest time can go a large way in boosting insurance take-up. 
As they rightly point out, the gains from insurance arise from the transfer of 
income across states of nature, and by requiring premiums to be paid upfront, 
insurance products will also transfer income across time with no value-added. 
Credit and savings are financial instruments much better suited to transfer 
income across time. The reason why premiums are required to be paid upfront 
by insurance companies is to avoid defaults on premium payments. Therefore 
innovations that would allow postponement of premium payments while at 
the same time minimizing defaults are required.

Carter et al. (2017) argue in favor of offering index-based insurance to a 
mesolevel institution—such as a bank that might offer agricultural loans, an 
administrative entity, or a producer organization—as a potentially attrac-
tive option. In the case of banks, they worry about large correlated shocks 
that might affect their entire portfolio of agricultural loans in a given region. 
This implies that basis risk is less of a problem for such a mesolevel institu-
tion. Farrin and Miranda (2015) show in the context of a heterogeneous agent 
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model that when banks lay first claim on indemnities there is a reduction 
in credit default, which can decrease interest rates and expand credit access 
among farmers. De Janvry, Dequiedt, and Sadoulet (2014) also support the 
idea of insuring farmer groups, especially when farmers are members of groups 
with common interests.

Competitive Supply Mainly from the Private Sector

Index insurance needs insurance companies willing and capable to sell the 
product in rural communities. In most cases available insurance companies 
and brokers have a well-established presence in urban centers but are typi-
cally unfamiliar with the rural customer base. Before index insurance can be 
offered, sales agents need to be trained in the new product, and since farmers 
may not trust insurance agents from outside their region, an entirely new sales 
force may need to be recruited and trained (Jensen, Barrett, and Mude 2017). 
If the insurance is linked to other products (for example, fertilizer, seed, or 
credit), additional legal arrangements also need to be developed.

Availability of reinsurers for specialized agricultural insurance products 
in developing countries is limited, and typically they offer very high rates 
that end up being reflected in high premiums. Giné, Townsend, and Vickery 
(2007) emphasize the importance of having reinsurance mechanisms to diver-
sify regionally covariate weather shocks, and Carter (2013) points out that in 
the absence of adequate high-quality data, uncertainty-averse reinsurers place 
a large premium penalty on uncertainty. Regional or domestic public reinsur-
ance could be put in place to incentivize a more competitive behavior among 
reinsurers. For example, the African Risk Capacity, a specialized agency of the 
African Union, provides alternative risk pooling and transfer mechanisms that 
may directly or indirectly improve the reinsurance market for index insurance.

To address the problem of collecting premiums and making payouts in 
a timely and cost-effective manner, some insurers are taking advantage of 
mobile phone and mobile banking technologies. A good example is the ACRE 
program in East Africa, which enables farmers to pay their insurance pre-
miums and receive payouts via the M-PESA mobile banking system (Hazell 
and Hess 2016). On the supply side of microinsurance products there is also a 
first-mover problem: the high initial investment costs in research and develop-
ment of index insurance products might not be recouped given the ease with 
which competitors can replicate such products if they prove profitable to sell. 
Therefore, there may be an important public role in funding the development 
of index insurance products.
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NATURAL RESOURCE MANAGEMENT AND 
RESOURCE RIGHTS FOR AGRICULTURE

Frank Place, Ruth Meinzen-Dick, and Hosaena Ghebru

For the foreseeable future, agriculture in developing countries will be over-
whelmingly based on farming that is dependent on natural resources to pro-
duce edible plants, provide feed for livestock, or to raise fish. The abundance 
of natural resources affects total agricultural production but the health, 
state, or quality of natural resources affects both total production and pro-
ductivity of agriculture. Productivity growth in agriculture is of paramount 
importance for feeding growing populations in a world with limited natu-
ral resources (FAO 2012b). However, achieving high productivity is not eas-
ily accomplished in smallholder-dominant countries as evidenced by high 
yield gaps—the difference between actual and potential yields—in much of 
the developing world (FAO 2011) and productivity gaps between agriculture 
and other sectors (Gollin, Lagakos, and Waugh 2014). Obtaining high pro-
ductivity in a way that sustainably uses natural resources is even more elusive 
globally. 

The concept of environmental sustainability has two important dimen-
sions. The first is whether the productivity of the current land under agri-
culture can be maintained or increased over time through the prevention of 
soil degradation, overuse of water, and other destructive practices (for exam-
ple, salinization). The second is whether this productivity can be maintained 
without creating adverse effects on offsite natural resources. Negative exter-
nalities are manifested in flows of soil, nutrients, and wastes associated with 
agriculture that move on surfaces or below surfaces or atmospheric borne 
effects such as with greenhouse gases or silt. They are also manifested by 
expansion of agriculture into new land areas, which is destructive to forests, 
wetlands, and other natural habitats, and by negative changes in biodiver-
sity (loss of wild species, agrobiodiversity, or increase of pests). It is appar-
ent that farming involves or touches many types of natural resources that 
are both near and far from farms. This of course involves many stakehold-
ers and poses great challenges for natural resource governance and property 
rights systems.
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This chapter begins with a discussion of the importance of natural 
resources for agriculture and the links between agriculture and surrounding 
natural resources. It presents evidence on trends in natural resources use in 
agriculture and the drivers behind those changes. Also described are the many 
technological and institutional natural resource management (NRM) options 
that have proven to be successful, at least in some settings, as well as the main 
factors that restrain their wider use. The chapter focuses on tenure and gov-
ernance challenges in managing natural resources for the benefit of users and 
wider society. Some recent innovations in tenure and governance of natural 
resources are discussed as well as an exploration of how well they perform in 
terms of achieving efficiency, equity, and sustainability objectives. The chapter 
concludes with key messages as well as a summary of the major development 
challenges and knowledge gaps. 

Natural Resources and Agriculture 
Soil and water are essential natural resources for agriculture. Soils have physi-
cal, chemical, and biological attributes—all of which contribute to soil health 
and subsequent productivity of agriculture (Sanchez 2019). Although all 
three properties can be degraded quickly through erosion, they have differ-
ent timescales for their enrichment. Soil chemical properties can be changed 
most quickly through additions of nutrients, while some soil physical proper-
ties take decades to rebuild. Soils themselves have complex relationships with 
other natural resources; soils determine the degree to which other vegetation, 
such as trees and grasses, thrive while the integration of certain types of plants 
or their derivatives can enrich soils. Soil processes occur at a small scale (for 
example, in situ effects of no tillage) and at a large scale (for instance, soils 
are key to global carbon and nitrogen cycles and some of the other planetary 
boundaries) (Rockström et al. 2009). 

Water for agriculture is largely from rainfall, but techniques exist to col-
lect and move water both within farms (for example, water harvesting ponds 
or drip irrigation) and across larger land areas (for instance, canal irrigation 
schemes or pumping from aquifers) (Comprehensive Assessment of Water 
Management in Agriculture 2007). Managing water for agriculture is particu-
larly important when rainfall is erratic and can in some cases extend the grow-
ing season or number of growing seasons within a calendar year. In addition, 
water flows across (and under) landscapes are affected by land use including 
farm management practices. Water for agriculture is therefore immediately 
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recognizable as a landscape or catchment-level issue, and its management 
almost always involves externalities. 

Important natural resources for farming go beyond soil and water. On 
farms the strategic use of agrobiodiversity, including edible or nonedible 
plants, can improve soil and water conservation, reduce exposure to pests and 
disease, or reduce wind damage to crops. They also serve as feed for livestock 
and beekeeping. Trees can provide for microclimate benefits through effects 
on ground temperatures and improving soil structures (Lasco et al. 2014). 
Leguminous plants can provide organic nutrients to nourish crops in the 
short term and to improve soil biology in the medium to long term (Peoples 
et al. 2009). These same plants can be important when found on nonagricul-
tural lands to stem soil erosion, improve water infiltration and groundwater 
replenishment, provide needed feed for livestock, and host pollinator species. 
Livestock can be viewed as a natural resource that provides an important func-
tion of converting biomass into a high-quality manure. Forests and woodlands 
are sources of food (for example, wild fruits) and help to regulate water ser-
vices in agriculture areas.

As described, the management of natural resources on farms not only has 
obvious direct effects on the farms. In addition, there are possible significant 
externalities from the management of natural resources and other farm prac-
tices within agriculture. Important negative externalities include sediment 
flow into rivers, chemical leaching into water supplies, deforestation, overgraz-
ing, reduction in biodiversity, and greenhouse gas emissions. However, some 
types of practices may have positive externalities such as carbon sequestration, 
soil erosion control, and evapotranspiration effects (Kremen and Miles 2012). 
Reducing agriculture’s negative environmental effects and enhancing its pos-
itive externalities is much discussed in global policy fora (for example, Food 
and Land Use Coalition 2019). The direction and level of externalities are 
highly influenced by the security of rights and management systems of local 
users over natural resources. 

Trends of Natural Resources in Agriculture
The area under agriculture in developing countries has been increasing rapidly, 
by 230 million hectares between the early 1960s and mid-2000s (FAO 2012b). 
The trend in agricultural land area up to the mid-2010s varies by region and 
country, slightly declining in such places as China and India (where peaks 
were around 1990), slowing in such densely populated countries as Kenya 
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and Rwanda, but still expanding in others with lower rural population densi-
ties (for example, the Democratic Republic of the Congo, Mozambique, and 
Zambia). It is expected that a further increase of 107 million hectares will be 
needed by 2050 to feed the increased population of the current developing 
countries (FAO 2012b). 

Recent studies demonstrate that there has been significant degradation of 
land and soil quality. Le, Nkonya, and Mirzabaev (2016) find that globally 
25 percent of cultivated land is degrading (as measured by declining plant pro-
ductivity) over the past 25 years as has more than 30 percent of land used for 
livestock grazing. One key factor behind these trends is the continuous use of 
land with little fallowing and insufficient use of biological or mineral inputs, 
resulting in nutrient mining (Henao and Banaante 2006). Another is poor 
conservation of soils, resulting in soil erosion of the more productive top layers 
(Tamene and Le 2015). 

Most of agriculture is based on rainfed conditions with irrigation used on 
only 16 percent to 20 percent of arable land (FAO 2011). China and India 
account for more than half of the irrigated area (54 percent) in developing 
countries (FAO 2011). In Africa south of the Sahara, only 3 percent of culti-
vated land is irrigated (Calzadilla 2013). There had been significant expan-
sion of irrigation in developing countries in the latter half of the 1900s, 
but the pace has slowed since 2000. Some water resources are becoming 
depleted—for example, groundwater in West Asia, North Africa, and India, 
and glacier reservoirs in the Himalayas and Andes—and climate change 
may reduce rains in other areas (for example, southern Africa). Furthermore, 
continued population growth increases demand for domestic water use and 
competes with water supplies for agriculture. Water quality is also poor 
and threatened in many cases. It was estimated that 21 percent of surface 
water in China was unfit even for agriculture (2030 Water Resources Group 
2009). 

Forest, tree, and other vegetative cover is important for conserving soils 
on landscapes and for regulating watershed hydrology, and has been identi-
fied as terrestrial sources of rainfall through evapotranspiration (Ellison et al. 
2017). Deforestation continues (about 130 million hectares of forests between 
2000 and 2010), is slowing, or is reversing in many important countries such 
as China and India (FAO 2012a) but increased overall in the tropics in 2017 
(Weisse and Goldman 2018). The effects of global deforestation on loss of car-
bon sequestration is partly offset by increasing tree cover on agricultural land 
(Zomer et al. 2016). 
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Drivers of Availability and Degradation  
of Natural Resources 
Among the anthropogenic factors affecting trends in natural resource avail-
ability and quality are urban and rural population growth, development of 
markets for agriculture and other natural resource–based products, and pol-
icies that affect the ways in which people use resources. Population growth, 
whether urban or rural, raises the demand for food, historically resulting in 
the expansion of agricultural land. This has negative consequences on such 
natural habitats as forests, shrublands, and wetlands, which are converted 
to agriculture. Conversion to agriculture is the proximate cause of about 
80 percent of deforestation (Kissinger, Herold, and De Sy 2012). The other 
effect of increasing rural population density is to reduce the median farm 
size, most noticeably in Africa (AGRA 2013). This can lead to either better or 
worse natural resource management on farms, depending on such factors as 
market conditions and property rights systems. 

Market development will affect incentives to manage natural resources on 
farms or in landscapes. These could be positive—for example, by increasing 
the returns to on-farm investments in soil fertility management, water man-
agement, and other similar practices through better access to productivity- 
enhancing inputs as well as increasing the ratio of output to input prices. These 
could be negative as well, creating incentives to overextract or mine resources to 
seize market opportunities. The direction of this effect depends on clarity and 
security of resource rights, especially long-term rights. Market development 
also includes markets for the resources or the ecosystem services they may pro-
vide (Kroeger and Casey 2007). Land markets are subjected to a variety of legal 
and nonlegal barriers, markets for water are rarely formalized in rural areas, 
and the valuation and recognition of environmental services is only operational 
in a few pilot cases. Markets for watershed protection services, carbon seques-
tration, or other ecosystem services have emerged and are growing but are still 
uncommon and minor contributors to income streams of rural resource users 
(Salzman et al. 2018). Finally, property rights and governance institutions play 
a key role in shaping the ways in which natural resources are exploited, man-
aged, and conserved, which is the main topic discussed in this chapter. 

Natural Resource Management Practices  
and Institutional Approaches in Agriculture
This section does not attempt to provide a comprehensive review of natural 
resource practices used by farmers and communities or to explore all the links 
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between the management of natural resources and agriculture. The purpose is 
rather to introduce a range of practices and to identify important constraints 
farmers or communities face in adopting them to better understand the role of 
tenure factors in NRM.

Farmers in developing countries use a variety of natural resource manage-
ment practices on their farms. The specific practices that are applied vary con-
siderably depending on the local context (for example, soil type, aridity, level 
of market development for inputs and outputs) and household characteristics 
(for instance, farm size, available family labor for agriculture) (see, for exam-
ple, Vanlauwe et al. 2015). Most soils in the tropics have deficiencies in phys-
ical structure (for instance, high sand content), chemical composition (high 
acidity or low phosphorus), or poor biological activity (low soil carbon and 
microbial function) (Sanchez 2019). In these cases the conventional approach 
of relying only on mineral fertilizer to generate consistently high yields will 
not work (Marenya and Barrett 2009), and other soil management strategies 
are necessary. 

Some dimensions of soil health can be affected by NRM practices in the 
short- to medium-term and thus be attractive for farmers to invest in. This 
includes the planting of trees and shrubs to help break hard pans and improve 
water retention, the use of minimum tillage to improve soil biological func-
tion, and the application of mulch or conservation structures to reduce top 
soil degradation. Soil conservation practices are varied and include terrac-
ing and ridging, which themselves can be formed through altering the soil 
through labor, applying materials like stones, or planting grass strips or other 
plants. Soil biology is improved mainly through application of organic matter 
and farmers use a variety of methods to achieve this, including use of animal 
manure or compost, incorporation of crop residues, natural or planted fallow-
ing, and application of green mulch from woody or herbaceous plants often 
grown in situ. Acidic soils require an offsetting chemical agent like lime to be 
applied. These practices are also referred to as sustainable land management 
practices (SLM). 

Water is another essential natural resource for agriculture and its effective 
management can lead to significant effects on production. There are some 
practices that simply encourage rain to accumulate in areas where farmers 
intend to plant seed. These include planting basins, zai pits, half-moons, or 
any other type of excavated area where water can accumulate and infiltrate. 
Soil conservation structures will also act to manage water and prevent it from 
moving too fast or far on the surface. Runoff may be stored in an on-farm 
source such as a water pan, farm pond, or container. Rooftop water harvesting 
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may be used for domestic water supply and homestead gardens. Farmers con-
struct channels that can be used to move water onto or off of fields. Water can 
also be moved via hoses above or below ground (for example, drip irrigation). 

Beyond such on-farm water control, watershed management is one of the 
clearest examples of landscape-level NRM. This may involve technical inter-
ventions such as building check dams to slow water flows or increase recharge, 
terracing, planting trees, or buffer strips along waterways to protect against 
pollution, but generally also include some forms of restrictions on behav-
ior, such as excluding animals from grazing in certain areas or limiting water 
withdrawals. Kerr (2007: 91) notes that “technical interventions are likely to 
be fruitless without subsequent management.” This management depends on 
institutional arrangements—rules that are set, adapted, and enforced. 

Most irrigation draws water from an off-farm source of water such as a res-
ervoir, canal, river, pond, or aquifer. These require investment and coordina-
tion above the level of the individual farm to construct, operate, and maintain 
the system as well as to regulate the timing and amounts of water flows and 
withdrawals across users. The importance of these institutional factors for 
irrigation use has often been noted, as in the experimental study in Burney 
and Naylor’s (2012) research in Benin. Farmers also often engage in negotia-
tions and contracting to bring water resources onto their farms from surface 
or groundwater. These can take varied and complex forms across and even 
within villages, as illustrated by Michler and Wu (2014) in Bangladesh.

To manage flows of biodiversity harmful to agriculture, there has been sig-
nificant investment in training on integrated pest and disease management 
that rely on the application of natural resource–based solutions to reduce 
threats. This includes providing for a diverse habitat to promote natural pred-
ators, to act as barriers (to disease encroachment), or to attract the popula-
tion of pollinators that are essential for a number of plants (Karp et al. 2018). 
Managing biodiversity often requires coordination across farms and with 
mosaics of cultivated and uncultivated lands (including forests and other 
types of land use). Symbiotic relationships over space and time can also be 
managed through intercrops or rotations of plants that are complementary in 
resource use or other ways. 

All pastoralists and most agropastoralists depend on pastures for at least 
some of the fodder for livestock production. In most developing countries, 
these are not private pastures but shared rangelands, which are often dry or 
mountainous areas with high spatial and temporal variability (IUCN 2011). 
Without careful management these lands are subject to degradation through 
overgrazing or undergrazing, encroachment, or weather and climate changes. 
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Paths created by cattle can become significant sources of erosion. Customary 
systems for rangeland management have often included livestock mobil-
ity to access fodder and water resources as well as to prevent undergrazing or 
overgrazing. Interventions for rangeland improvement may include planting 
grasses, shrubs, or trees to increase fodder availability, provide shelter, and 
reduce erosion; limiting grazing (whether by rotating areas to encourage natu-
ral regeneration or limiting stocking numbers); and developing or protecting 
watering points. As with watersheds, improving rangeland conditions depends 
on effective institutions to accompany any technical interventions (McCarthy 
2004). 

Forests provide inputs and ecosystem services that are critical for agricul-
ture and rural livelihoods by providing fencing and housing materials, fire-
wood, leaf litter, and other soil amendments to support cultivation, fodder for 
livestock, and medicinal plants as well as timber and nontimber products to 
diversify farmers’ livelihoods. Beyond their contribution to local livelihoods, 
the role of forests in carbon sequestration, regulating temperature, rainfall and 
water flows, and biodiversity mean that not only forest communities or nearby 
farmers depend on them, but also other stakeholders—from downstream cit-
ies (for water regulation) to the global community (for biodiversity and carbon 
functions). Forests may cover entire landscapes, as in the Amazon, or occur in 
patches interspersed with cultivated lands and rangelands. Effective manage-
ment of forests requires regulating cutting and withdrawals as well as selective 
planting or protecting regrowth. But because of the many different functions 
and interests in forests, coordinating forest management requires addressing 
many different stakeholders. 

Constraints to Adoption of Natural Resources Management 
Practices in Agriculture

A body of research, largely comprised of observational case studies, has found 
that many NRM practices entail some characteristics or constraints that 
limit their wide use, such as demands on labor, opportunity costs of land, and 
uncertainty of long-run returns to investment. While we explore tenure- and 
governance-related factors here, other factors are featured elsewhere, such as 
Stevenson and Vlek (2018), covering a range of NRM practices developed by 
CGIAR; Bationo et al. (2012) on benefits from integrated soil fertility man-
agement (ISFM); Yamano, Otsuka, and Place (2011) on various integrative 
practices in East Africa; Giller et al. (2009) and Corbeels et al. (2014) on 
adoption challenges for conservation agriculture; and Farrow et al. (2019) 
on grain legumes in Africa. Furthermore, rural transformation processes 
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continue to shift the incentives for undertaking NRM practices. For example, 
development of input markets and rising rural wages may favor labor-saving 
technology like herbicides (Haggblade et al. 2017) over labor-intensive land 
management practices (Jayne et al. 2019).

Constraints to adoption of on-farm NRM practices have been investigated 
in better designed cause-effect studies in recent years. A study by Michler et al. 
(2019) on the use of minimum tillage in Zimbabwe found that in normal rain-
fall years the technology did not pay off and in fact led to economic losses for 
a number of farmers. Jack et al. (2015) found that dis-adoption of a new tech-
nology (planted Faidherbia albida) was common in Zambia due to uncertain 
information on benefits. Jack and Jayachandran (2018) further investigated 
the effectiveness of payments for environmental service programs related 
to tree planting and conservation and found costs of conservation as well as 
enrollment costs to be important factors in self-selection and participation in 
the programs. The important conclusion of this body of research is that there 
are many potential constraints to adoption of natural resource management 
practices and one or more of them appear to be present in any given devel-
oping country contexts. While tenure or governance of resources are among 
those constraints, the importance of other factors should not be overlooked.

Natural Resources Management Practices and Implications  
for Property Rights and Collective Action

Although a full discussion of each of these landscape-level natural resource 
topics is beyond the scope of this chapter, they share some important features. 
First, they depend on a careful assessment of the resource conditions, threats, 
and interrelationships across a large area, to identify points of most effective 
interventions. Second, effective management usually combines tangible and 
technical activities, such as building a check dam or planting specific trees, 
with behavioral or institutional interventions such as rules regarding resource 
extraction and provision (Anderies and Janssen 2013). Third, there needs to 
be consideration of the human as well as the biophysical environment: Who 
are the users and how will they use the resources, and what types of user orga-
nizations and government agencies will participate in the development and 
implementation of the programs? 

Figure 18.1 illustrates the need for institutional arrangements to address 
natural resource management. The lower horizontal scale shows the time scale. 
Many aspects of soil structure and biological properties require considerable 
time to rebuild. Agroforestry practices that can improve soils, water flows, 
and carbon storage also take time for the returns to be realized. The upper 

Natural resourCe MaNageMeNt aNd resourCe rights for agriCulture 603



horizontal scale indicates the corresponding institution (property rights) to 
deal with long time horizons between investment and returns. Farmers with-
out secure land tenure may have less incentive to invest in long-term soil 
improvements or may not even be authorized to plant trees. However, in some 
cases individuals make land investments with the purpose of securing long-
term rights to the land, especially by planting trees or careful husbandry of 
existing land (Bruce and Migot-Adholla 1994; Besley 1995; Otsuka and Place 
2001; Platteau 2008). 

The vertical axes in Figure 18.1 show the spatial scale and corresponding 
institutions for coordination. Whereas planting a tree can be done on an indi-
vidual farm, practices such as integrated pest management (IPM) are more 
successful when coordination leads to concerted actions by many farmers. 

FIGURE 18.1 Key institutions for natural resource management
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Most irrigation systems, watershed management, or forests go beyond the 
boundaries of an individual farm and therefore require some form of coor-
dination of investment (for example, in planting) and extraction. Whether 
long-term property rights are also important depends on the period of time 
to positive net benefits. Farmers with weak long-term tenure security may still 
have incentive for taking short-term measures to reduce pests or apply chem-
ical fertilizer but will not be inclined to invest in structures for soil or water 
conservation that do not pay off for several years. Ultimately, this frame-
work can be extended to the global scale to address such issues as greenhouse 
gas emissions or sequestration or widespread loss of biodiversity. Although 
resource management at the plot, farm, and community level (for exam-
ple, planting trees or limiting deforestation and hunting) can contribute to 
addressing these global resource problems, above the level of the nation-state, 
achieving coordination proves challenging, as discussed in Chapter 19 in this 
volume. 

Tenure and Governance Challenges  
in Managing Resources 
This section defines concepts and identifies challenges in property rights and 
coordination of management of natural resources.

Property Rights

The term “property rights” refers to “claims, entitlements and related obli-
gations among people regarding the use and disposition of a scarce resource” 
(Furubotn and Pejovich 1972). Although rights to land are the most prom-
inent form of property rights in agriculture and rural areas, rights to water, 
trees, forests, fisheries, and other aquatic resources are also important, and 
these may be distinct from the rights to the land on which they are found. 
According to UN-Habitat (2008), “land tenure” is defined as “the way land is 
held or owned by individuals and groups, or the set of relationships legally or 
customarily defined among people with respect to land. In other words, ten-
ure reflects relationships between people and land directly, and between indi-
viduals and groups of people in their dealings in land.” This definition can be 
extended to other resources as well. 

Most natural resource tenure is characterized by the concurrent exis-
tence of multiple legal orders, referred to as “legal pluralism” (Knight 2010; 
Meinzen-Dick and Pradhan 2002). The most prominent of these are stat-
utory and customary law, but international, religious, and even regulations 
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developed by particular programs may also be important. Customary tenure 
may be or may not be recognized and enforced by the formal legal system. In 
situations where one system does not recognize the other, the coexistence of 
customary and statutory tenure could be a source of confusion and may lead 
to greater tenure insecurity (Knight 2010; USAID 2013). UN-Habitat (2008) 
presents a range of different tenure types as a continuum from informal to 
formal rights, with various sets of rights and degrees of security, responsibil-
ity, and enforcement. Tenure types and strength and weakness of tenure vary 
across countries and even across different regions within a country. In par-
ticular, different ethnic groups may have different customary laws and rules 
governing uses of resources. Ultimately, tenure claims are only as strong as 
the institution that backs them up. This means that in areas where the state is 
strong, statutory tenure is very important, but where the state is weak (often 
in more remote areas), customary tenure and resource management rules hold 
greater sway. 

Property rights over natural resources are not limited to “ownership” but 
are better understood as distinct bundles of rights. There are many ways of 
classifying the bundles of rights, but Schlager and Ostrom (1992) identify five 
key bundles that are relevant for resource management. 

• Access (for example, to walk across a field)

• Withdrawal (for example, to draw water or harvest plants)

• Management (for example, to plant a crop or tree) 

• Exclusion (for example, to prevent others from accessing the field)

• Alienation (for example, to rent out, sell, or give away the rights)

The first two (access and withdrawal) are considered use rights, and the 
latter three (management, exclusion, and alienation) are control or decision- 
making rights. Galik and Jagger (2015) argue for a sixth bundle—alteration—
to reflect the right to transform the resource, often by making improvements. 

“Ownership” often implies having all of these rights, but different bundles of 
rights are often held by different individuals, groups, or institutions (for exam-
ple, government agencies) over the same resource. For instance, a farmer may 
have the right to plant a crop on a piece of land, but anyone can cross that 
land to get water; pastoralists may have the right to graze their herds on that 
land in the fallow season; family elders may have the right to allocate or real-
locate that land; and the state may claim ultimate “ownership” of the resource. 
How these bundles of rights are distributed will affect who has authority and 
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incentive to manage the resources as well as the distribution of benefits in 
society. 

The holders of these rights can be individuals, households, companies, 
groups, or the state. The first three are generally referred to as private prop-
erty; rights held by various forms of groups or collectives are common prop-
erty, and rights held by the state are public property. Although most farms 
(especially smallholder farms) are private property, forests, rangelands, and 
water resources are often common or public property. Even farmers with pri-
vate holdings may rely on common property for critical inputs to their liveli-
hoods (for example, fuel, animal fodder) and ecosystem services. 

The NRM practices discussed earlier can generally be mapped into three 
different types of management domains: (1) private property management 
without much externality (for example, improved soil nutrient management); 
(2) private property management with significant externality (for instance, 
pest management, soil conservation); and (3) common property management 
(for example, forest and rangelands). In common property management, com-
munal rights to the resources and coordination mechanisms are important for 
successful resource management. An example of common property manage-
ment is the case of forests (see Figure 18.1), where the establishment of gover-
nance mechanisms including the establishment of access and ownership rights 
among various stakeholders is important. The case of private property man-
agement with externalities lies between the two other cases. Private property 
requires clarity and secure rights for the holder, while the presence of external-
ities clearly indicates the need for coordination. 

Place, Roth, and Hazell (1994) identify three dimensions of tenure secu-
rity: robustness, duration, and assurance of rights. “Robustness” refers to how 
many of the rights are held. “Duration” is the length of time for which a right 
is valid. “Assurance” is the certainty with which the rights are held and the 
extent to which the rights are enforceable. The individual’s subjective per-
ception of their own tenure situation is identified as an important factor that 
influences their behavior (Van Gelder 2010). Investment in land as well as sus-
tainable management of natural resources is based on the perception house-
holds and individuals have regarding tenure security in the future, when the 
return of a current investment in natural resource management is realized in 
the future. 

Increased land tenure security can lead to three other reinforcing chan-
nels for increasing investment in land. First, greater tenure security can 
increase demand for land-related investment by reducing land disputes and 
freeing up resources for investment that have been spent to defend land 
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rights. Second, many formalized tenure systems facilitate land transfers and 
enable investors to benefit from their investment even if they will not be able 
to use the land. Third, tenure security can enhance access to credit for invest-
ment and inputs (Piza and Moura 2011) and more so where agricultural 
credit markets are functional (Deininger 2003). In addition to economic 
benefits, secured land tenure promotes social stability by reducing land con-
flicts and social exclusion and improving shelter conditions (UN-Habitat 
2008; Deininger 2003). 

Land tenure (in)security can be measured at farm plot, individual, house-
hold, group, or community levels. At the community or group level, ten-
ure security is often measured by indicators such as whether collective land 
rights are recognized by the government, whether community rights can be 
held in perpetuity, and whether the law requires the consent of communities 
before the government or outsiders may acquire their land (Wily et al. 2016). 
Marginalized ethnic groups often experience less tenure security, especially 
where the state does not recognize their resource rights. This particularly 
applies to pastoralists, forest-dwelling communities, or other Indigenous peo-
ples. At the household level, a sense of tenure insecurity may come from the 
perception that someone may challenge their land rights and eventually make 
them lose their rights to the land. This threat arises either due to (1) haz-
ard of expropriation by the government (Jacoby, Li, and Rozelle 2002), or (2) 
encroachment or eviction by other individuals. 

Underlying drivers of insecurity may result from foreign interest in land 
or be related to local socioeconomic trends, such as urban expansion, rural 
population growth, commercialization of agriculture and other factors, con-
ditioned by the degree of protection the government offers against such risks 
(Ghebru and Girmachew 2017, 2019; Ghebru and Lambrecht 2017). The 
individual level is also very important because even if a households’ rights 
to tenure are secure, not all individuals may be secure. In particular, women 
who depend on men for their access to land face additional layers of tenure 
insecurity—for example, in cases of widowhood or divorce as well as youth 
who depend on their elders for land, these individuals may lack full decision- 
making rights (see Chapter 15 in this volume; Ghebru and Girmachew 2018). 
At the plot level, tenure security may vary based on location, tenure status, 
and time and mode of acquisition. More remote lands are often less secure 
than those close to the household, and land in other villages may be even less 
secure. Thus it is common to find that households operating multiple plots of 
land will have different levels of tenure security on each of them. Where state 
law is strong, land with formal titles or other certification giving statutory 
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recognition may be stronger than undocumented land under customary law. 
Common property is often less secure than individual property. 

The bundles of rights and implicit security of tenure associated with 
land are affected by the mode of acquisition. There are modes of acquisition 
for which long-term rights to land are usually conferred including purchase, 
inheritance, and gift. Land allocated by formal or traditional authorities rep-
resents a dominant form of land acquisition in many developing countries 
where lack of proper documentation of such land implies an adverse effect on 
natural resource management. Other modes of acquisition such as renting 
and sharecropping are mainly for short-term rights to land. This distinction 
has important consequences for NRM because renting and other short-term 
acquisitions do not afford sufficient time for the tenant to reap benefits from 
many of the NRM practices noted in Figure 18.1. Moreover, landlords may 
restrict tenants from undertaking certain visible long-term investments that 
could lead to contested rights beyond the agreed-upon termination date of 
the contract. Thus it is not surprising that studies find lower levels of long-
term investment on land under short-term tenure arrangements (Place 2009; 
Deininger and Jin 2006). 

Information and knowledge about rights, legal restrictions, and the var-
ious types of threats and protection opportunities matter (Deininger et al. 
2008; Ghebru and Girmachew 2018). The government may be the source of 
the risk or the source of protection against the risk, depending on the setting 
or the formal land rights recognized by government and held by the individ-
ual claiming rights in a piece of land. With conflicting claims over land, the 
increase in the (in)security of one party may imply a reduction in the (in)secu-
rity of another party or parties. The strength of (in)security can depend on 
traditional rights (customs and social norms), modes of land acquisition, legal 
protection (laws and law enforcement), duration of possession, social net-
works, political connections and power structure, the degree of scarcity (com-
petition) and value of the land, as well as individual and group abilities.

From an empirical perspective, the types of tenure security weaknesses that 
pose the greatest challenges differ across and within countries. However, a 
common empirical finding is that women are less likely to own land and have 
fewer rights to land than men (see Chapter 15 in this volume; Doss et al. 2015; 
Kieran et al. 2015). Although a far cry from the myth that women own just 
1 percent to 2 percent of the land, the differences between men and women 
can often be large, as in the case of Niger and Nigeria. Women also may face 
more challenges in protecting their limited rights in family, customary, or for-
mal conflict resolution mechanisms. This has important implications for the 
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bargaining power and well-being of women themselves, their households, and 
the condition of resources. Individuals/households with more secure tenure 
have been shown to invest more in terracing and bunding for long-term soil 
conservation, tree planting, and fallowing of land (Ali et al. 2014; Deininger 
et al. 2008; Holden, Deininger, and Ghebru 2011; Goldstein et al. 2018), 
and more so in the case of women (Meinzen-Dick et al. 2019; Goldstein et al. 
2018). 

Coordination for Resource Governance

As noted, many natural resource management practices involve positive or 
negative spatial externalities. Thus coordination is important for adoption. 
While an individual farmer may be able to construct on-farm water storage 
or tap groundwater in a well, most surface irrigation requires coordination 
of multiple farmers and other stakeholders to build and convey the water. As 
many individual farmers take water from wells, coordination among users 
becomes important to manage the underlying aquifer sustainably. Similarly, 
finding the optimal place to put check dams or terracing in watersheds and 
ensuring that they are maintained requires coordination across multiple stake-
holders in the watershed. Forest management requires rules for planting, har-
vesting, and managing the trees and other resources. Mobility of herds has 
been a key strategy for sustainable management of rangelands, often over a 
combination of private and collectively held lands, requiring coordination on 
what animals can be grazed in what areas at what times (McCarthy 2004). 

At higher levels, the state has an important role to play in the coordination 
of NRM (see the right-hand vertical axis in Figure 18.1), but at the most local 
(community and group) levels, the state has less effective reach and collective 
action among users is more important. However, these are not mutually exclu-
sive: government agents may operate at the local level, and federations of user 
groups can extend collective action to the national level, as exemplified the 
Federation of Community Forest Users (FECOFUN), which links more than 
14,000 community forest user groups in Nepal (McLain and Lawry 2015). 
Thus the rights and responsibilities of each type of institution, and the rela-
tionships between state and collective action, are important for NRM out-
comes. Although the specific nature of the coordination differs depending 
on the resource and context, studies of the commons—shared resources such 
as water, forests, rangelands, and fisheries—have identified several broad pat-
terns. After systematically comparing numerous case studies of common-pool 
resources (CPRs) characterized by subtractability (in which one person’s use 
of the resource makes less available to others) and the high costs of excluding 
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others from using the resource, Ostrom (1990) identified a set of design prin-
ciples that characterize many long-enduring CPRs. These have been subse-
quently validated and updated by Cox, Arnold, and Villamayor Tomás (2010), 
and include the following: 

1. Clearly defined boundaries of the resource itself and the group of autho-
rized users. 

2. Congruence between appropriation and provision rules and local con-
ditions, so that the rules make sense in the local context and ensure that 
the benefits obtained are proportional to the amount of inputs required. 

3. Collective-choice arrangements that allow most people affected by the 
rules to participate in setting or modifying the rules. 

4. Monitoring of the resource. 

5. Graduated sanctions for breaking the rules. 

6. Conflict-resolution mechanisms. 

7. Minimal recognition of rights to organize. 

8. Nested enterprises so that all the governance activities are organized at 
multiple levels. 

Security of tenure on common property depends on external recogni-
tion of the group’s rights to the land as well as effective internal governance 
arrangements that will ensure that resources are effectively managed. The 
external recognition of collective rights is even more rare than for private 
lands. In a review of 64 countries, RRI (2015) report that half of the countries 
recognize less than 5 percent of the country’s land area as collectively owned 
or controlled by Indigenous peoples and local communities, even though the 
total land area used collectively is many times larger. Reforms that have been 
implemented to secure tenure for individual and collective resources, as well as 
efforts to strengthen collective management of common pool resources within 
and across property boundaries, are examined next. 

Policy and Institutional Innovations in Tenure 
Security and Governance 
Over the past few decades, significant changes that affect land tenure sys-
tems were witnessed in many parts of the developing world. These include 
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demographic growth, urbanization, migration, livelihood diversification, 
monetization of the economy and commodification of land, greater integra-
tion in the global economy, and cultural change (see Chapters 9–13 as well as 
Chapters 19 and 20 in this volume). Such changes have especially major impli-
cations for the “traditional” or “customary” land tenure system (Cotula and 
Neves 2007; Ghebru and Lambrecht 2017; Linkow 2016).

Individual Land Rights

Even though there is a consensus on the importance of tenure security, the 
mechanisms to secure land rights have been debatable, with countries follow-
ing different approaches. Many countries, particularly in Asia and parts of 
Africa, undertook redistributive land reforms to compensate for colonial and 
postindependence land-ownership inequalities and regressive land-use policies 
(Sikor and Muller 2009). Such “land to the tiller” programs were intended to 
remove large landlords and inefficiencies in tenancy arrangements and to pro-
vide for a strong smallholder agricultural sector. In other countries land titling 
and registration programs without redistribution were introduced as one 
means to increase tenure security, facilitate land markets, and improve access 
to credit using land as collateral (Deininger and Binswanger 1999). 

Although formal land registration is taken as a means to reduce disputes, it 
might be cause for uncertainty in situations where the wealthy and educated 
groups use it to capture land from smallholder farmers, women, or communi-
ties who have limited or no access to information and are not able to cover the 
cost of registration. In some situations formal registration fails to recognize 
the rights of secondary right holders such as women, migrants, and herders 
(Platteau 2000 cited in Quan and Toulmin 2004; Meinzen-Dick and Mwangi 
2007). Moreover, experience of countries has shown that land titling pro-
grams were time-consuming, expensive, and not accessible for poor farmers. 
For instance, only about 1 percent of land in Africa was registered under for-
mal systems in the early 2000s (Easterly 2008).

In recognition of the limitation of land titling programs, alternative 
approaches have been developed to improve tenure security. Among individ-
ual titling and registration programs, some (such as Ethiopia or Rwanda) have 
made explicit provision for inclusion of women’s names as joint owners of 
household lands. Another approach has been to give legal recognition to cus-
tomary tenure systems that could be done through direct contact with indi-
vidual holders of customary rights or nationwide recognition of customary 
land rights (Van den Brink et al. 2006 cited in Lawry et al. 2017; Palmer et al. 
2009). This approach is practiced in some African countries, such as Burkina 
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Faso, Ghana, Mali, Mozambique, Niger, and Uganda, that have legally rec-
ognized customary tenure (Palmer et al. 2009). In Ghana, Customary Land 
Secretariats were formed to manage land in peri-urban areas and make 
arrangements for community members who lost agricultural land because of 
urban expansion (UN-Habitat 2008). In Uganda the 1998 Land Act recog-
nizes land acquired by households through allocation by customary authori-
ties. In Mozambique the Land Law gave recognition to customary tenure by 
protecting land rights of communities through a community land delimita-
tion program (Palmer et al. 2009; USAID 2009). 

Another approach involves providing intermediate forms of tenure, such as 
a land certificate, right of occupancy, formalization of leasing or rental trans-
actions, and so on. This type of recognition of land rights is implemented in 
countries like Brazil, Colombia, Ethiopia, Mexico, Tanzania, and Trinidad 
and Tobago (Palmer et al. 2009). For instance, in Ethiopia low-cost land cer-
tification (for example, not based on formal demarcation) was implemented 
that provides land-use rights in rural areas (Palmer et al. 2009). Several stud-
ies have analyzed the effect of the certification program on Ethiopian house-
holds and found benefits in the form of perceived tenure security, investment 
in land improvements, and in promoting land rentals (Bezabih, Holden, and 
Mannberg 2016; Deininger et al. 2008; Ghebru and Holden 2013; Holden, 
Deininger, and Ghebru 2011). In Trinidad and Tobago, Certificates of 
Comfort are issued to people living in informal settlements, which enable 
households to use and invest in the land (UN-Habitat 2008). Two recent 
studies using experimental approaches provided certificates of land rights 
following boundary demarcation and examined investment behavior in a 
short period that followed. Goldstein et al. (2018) found significant enhance-
ment of perceived security and land investment in Benin, while Huntington, 
Haflett, and Ewing (2018) found that the certificates do not affect planting of 
trees in Zambia.

Despite the various efforts made to improve land governance in many 
developing countries, tenure insecurity in the form of land disputes among 
families/neighbors, land expropriation by the government, land grabbing by 
the elite and foreign investors, and expansion of the informal land market 
is still a threat to the rural poor and urban dwellers. Empirical studies have 
found mixed results in the impact of land titling and registration on invest-
ment, access to credit, land rights of vulnerable groups (female, migrants, eco-
nomically poor), and agricultural productivity. In a systematic review of the 
impact of tenure reforms in developing countries, Lawry et al. (2017) found 
no evidence for a credit mechanism. In another systematic review, Higgins et 

Natural resourCe MaNageMeNt aNd resourCe rights for agriCulture 613



al. (2018) report that only two of seven studies found a link between improved 
tenure security and credit. However, both of these systematic reviews found 
stronger evidence of land tenure recognition programs on investment in the 
land, particularly in long-term improvements in the natural resources. 

In their systematic review of women’s land rights on poverty reduction, 
Meinzen-Dick et al. (2019) found a similar pattern: greater tenure security for 
women led to increased investments in tree planting as well as terracing and 
bunding to reduce soil erosion. However, not all titling or registration pro-
grams strengthen women’s land rights; without special efforts to ensure that 
women’s names are recorded as sole land owners or jointly with their spouses, 
the effect of the registration may be to reduce the rights women have under 
customary tenure (Lastarria-Corhiel 1997). Lawry et al. (2017) also found 
substantial productivity and income gains from land tenure recognition, but 
these were greater in Asia and Latin America than in Africa. Underestimating 
the contribution of customary tenure systems to farmers’ tenure security, 
lower level of household income to make investment in agriculture, and lack 
of complementary public investments (in infrastructure, provision of input 
and market access, training for farmers) to support agricultural investment are 
mentioned as possible causes for the weaker linkage in Africa. 

Beyond land registration, recognition of land rights by the commu-
nity, availability of an institution to enforce land rights, duration of land 
rights, clear definition of land rights and boundary demarcation of land are 
important contributors to security of land tenure (Abdulai and Antwi 2005). 
Moreover, the insecurity of “informal” or customary rights is overestimated. 
Williamson and Kerekes (2011) found that the role of informal institutions 
has been underestimated, and the efforts to secure property rights through 
formal means cannot be effective without considering informal practices in 
the society.

Communal Rights

Formalization of individual rights is not the only form of tenure reforms that 
is important for natural resource management. Many countries have or are 
engaging in reforms to strengthen collective land and resource rights, notably 
for forests and rangelands. More than 73 percent of forests remain formally 
under state ownership (RRI 2014), with government forestry agencies relying 
on regulation and policing of forest use, often with adversarial relations with 
communities (Lawry et al. 2012). In recent years there have been notable ini-
tiatives to devolve rights to forests, in particular, from the state to communi-
ties. Progress has been most noted in Latin America (especially Bolivia, Brazil, 
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Colombia, Honduras, and Peru), with both long-term community or group 
concessions and titling of Indigenous peoples’ domains (Lawry et al. 2012). In 
Asia the state has devolved a more limited set of forest resource rights to com-
munities, notably in China, India, Indonesia, Nepal, and the Philippines. 

However, these co-management arrangements between the state and com-
munities often limit use of high-value forest resources (especially timber). 
Often it is only degraded forest lands that are transferred to communities or 
forest user groups, with requirements to use particular practices to restore 
degraded forest lands. Forest tenure reform is most limited in Africa, with 
restrictions even on rights to trees on private land. Lawry et al. (2012) note 
numerous successes of cases that strengthen community rights to forests and 
trees, but “tenuous use rights and weak benefit-sharing models only go so far 
toward providing the security and financial incentives needed to invest in for-
est improvements and protection at landscape-scales” (Lawry et al. 2012: viii). 

For example, with unclear benefit-sharing arrangements, restoration 
through planting and management of high-value species will be inhibited, 
although enclosure methods may still take place (Otsuka and Place 2001). 
Furthermore, even when countries adopt policies to devolve rights, these are 
often not implemented because of opposition from elites or forest agencies; 
even if they are implemented, communities may require more than secure ten-
ure: strengthening cooperatives, training, and other resources may be required 
to sustainably exploit forest resources (Larson et al. 2016). However, review-
ing cases from Guatemala, Mexico, Namibia, and Nepal, Gnych et al. (2018) 
found that devolution of forest rights that gives communities secure ten-
ure has catalyzed investment in collectively held forests and other natural 
resources, with environmental and social returns as well as profits. But this 
also requires the emergence of legitimate community-level governance orga-
nizations for benefit sharing within the communities and capacity to engage 
with external state and market actors. 

As noted, pastoralists rely on mobility across large areas to sustainably 
exploit rangelands and have historic claims to use rights over large areas as 
well as complex arrangements to access areas in extreme years, which are not 
easily accommodated in formal tenure systems. Indeed, the formalization 
process and recognition of individual tenure has often been a threat to pas-
toralists’ tenure: “As a landscape is progressively surveyed, demarcated and 
allocated, pastoralists’ mobility may be obstructed and their practices of 
repeatedly renegotiating access rights to resources become less effective, essen-
tially depriving them of those rights” (Davies et al. 2016: 20). Securing tenure 
for pastoralists therefore requires a different way of thinking about the land: 
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instead of exclusive, individual holdings, accommodating overlapping collec-
tive rights, recognizing customary institutions, and building capacity of pasto-
ralists, other communities, and government to negotiate and resolve conflicts 
(Davies et al. 2016). For example, Tanzania’s Village Land Use Planning pro-
cess was often missing pastoralists because they moved across village boundar-
ies. A new Joint Village Land Use Planning process across village boundaries 
where pastoralists move allowed for better representation of pastoralists and 
led to issuing of group certificates of customary rights of occupancy (CCROs) 
(ILC 2014). 

Participatory land-use planning approaches that bring together various 
stakeholders—including diverse local resource users, local government, and 
line agencies—to organize resource uses and practices are also used in water-
shed management. UN-Habitat (2016) identifies ways that tenure-sensitive 
land-use planning can help strengthen the resource rights of local resource 
users, especially those with more insecure tenure. Although the participa-
tion of stakeholders in such planning processes is likely to increase compli-
ance with plans for resource use, plans alone are not sufficient. Some form of 
institutions are needed for ongoing activities such as setting and enforcing 
operational rules and managing conflicts. Many watershed, irrigation, or for-
est programs have responded to this by setting up formalized user groups, but 
effective coordination is more likely if programs identify and build on existing 
bases of cooperation, either through customary (for example, tribal) institu-
tions or forms of forest or water users’ groups. 

Because of the wide variability of social and ecological systems over space 
and time, there is no single formula that works for all conditions. Rather, 
many countries and programs seek to establish adaptive collaborative man-
agement (or “adaptive co-management”) arrangements that involve sharing 
of rights and responsibilities by government and civil society, combined with 
an adaptive learning process that draws on both local and external scientific 
knowledge to deal with complex systems (Armitage, Berkes, and Doubleday 
2007). Instead of blueprint approaches to establish steady state conditions, 
these call for flexibility to create resilience of linked human and natural 
resource systems.

Conclusion
With population continuing to grow while additional land available for agri-
culture is shrinking, there is no doubt that maintaining or improving the sta-
tus of natural resources already in use for agricultural resources is critical for 
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future food security. There are numerous management practices that can safe-
guard or enrich the natural resource base, but their application in developing 
countries needs to be greatly expanded. Constraints to wider use are man-
ifested at various levels. Price incentives may be weak, especially in remote 
areas, and dampen enthusiasm for undertaking any type of investment in 
agriculture. Uptake of nontraditional NRM practices may face basic infor-
mational constraints (for example, for conservation agriculture). Market con-
straints may limit availability of seed of leguminous plants or equipment for 
some land or water management improvements. Some farm-level practices are 
land consuming (for instance, rotations, fallows) while others are labor inten-
sive (for example, composting, terracing) and may therefore be attractive only 
to households with available resources. Landscape-level practices are inhibited 
by lack of functional mechanisms for coordination. Finally, weak tenure secu-
rity has a significant impact on the willingness of farmers and communities to 
invest in NRM. 

There are many mechanisms at the disposal of governments to improve 
incentives, but a key one will be the improvement of tenure security over 
resources. Recent institutional innovations have proven that tenure secu-
rity enhancement can be made efficiently and equitably without expensive 
demarcation of rights at the household or plot level. It is not a given, how-
ever, that legislation or regulation will enhance tenure security for the groups 
who are in most need. There is need for investment in awareness creation and 
capacity development to operationalize reforms. A challenge facing policy-
makers is that there is no single tenure policy or institutional blueprint that 
will prove to be the best option in all countries or even all locations within 
a country. From an agricultural perspective, the natural resource and tenure 
priorities will continue to differ for rainfed versus irrigated areas, for seden-
tary versus pastoral areas, for key cash/export crop areas versus staple food 
areas, and for peri-urban versus remote areas. In addition, sound stewardship 
of natural resources requires attention to their management at different spa-
tial scales, from the plot to global scale, and the voice of future generations 
needs to be heard. This poses a tremendous coordination challenge for which 
mechanisms are still elusive. Finally, demographic, economic, and other forces 
will undoubtedly require modifications to today’s tenure and coordination 
institutions. 

Learning what works under which national and local contexts will con-
tinue to be a priority of researchers in support of property rights reforms 
and sustainable governance of resources. Multiple methods contribute to 
this learning. Detailed case studies provide nuanced insights. Systematic 
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comparisons of multiple case studies (for example, Ostrom 1990; Cox, 
Arnold, and Villamayor Tomás 2010) and qualitative comparative analysis 
(QCA) help to identify the conditions that shape outcomes. Although it is 
 generally difficult to randomize natural resource conditions, there have been 
some  randomized controlled trials and other quasi-experimental methods to 
assess the impact of interventions, especially in tenure security (for example, 
Deininger et al. 2008), and systematic reviews (for example, Lawry et al. 2017; 
Higgins et al. 2018) build the evidence base across multiple interventions 
in different contexts. Given the multiple factors affecting natural resource 
management, no single approach can provide definitive answers. Rather, it is 
important to triangulate among different methods, perspectives, resources, 
and regions to improve our understanding of what contributes to (or under-
mines) sustainable natural resource management. 
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CLIMATE CHANGE AND  
AGRICULTURAL DEVELOPMENT

Mark W. Rosegrant, Keith Wiebe, Timothy B. Sulser,  

Daniel Mason-D’Croz, and Dirk Willenbockel

Climate change will be a major driver of change in the agricultural sector in 
the coming decades, along with changes in population, income, urbanization, 
dietary preferences, and technology.1 Agriculture is unique among economic 
sectors in its dependence on temperature, precipitation, and other climate 
variables, and is thus unique in its sensitivity to changes in those variables. 
Farmers around the world have long been accustomed to dealing with the 
vagaries of weather, but climate change is now occurring on a larger scale and 
will bring bigger challenges in terms of what farmers produce, where and how 
they produce it, and what we eat.

Throughout the entire history of agriculture over the past 10,000 years, 
including the period of rapid growth and intensification during the Green 
Revolution over the past half century, global mean temperatures have 
remained within a range of about 1˚C from current levels (Schellnhuber, 
Rahmstorf, and Winkelmann 2016). The 2016 Paris climate accord set a tar-
get of keeping temperatures well below 2˚C above preindustrial levels and to 
pursue efforts to limit the increase to 1.5˚C. But most climate change scenar-
ios show future temperatures rising well above these levels and well beyond 
historical experience. This chapter explores the implications of these changes. 
The first part examines alternative scenarios for climate change. The next sec-
tion presents the latest findings on climate change impacts on agriculture and 
food security. Options to adapt to climate change and its impacts are consid-
ered as well as mitigation strategies.

1 The research on which this chapter is based was supported by funding from the CGIAR 
Research Program on Policies, Institutions, and Markets (PIM), the CGIAR Research 
Program on Climate Change, Agriculture and Food Security (CCAFS), the Bill & Melinda 
Gates Foundation, and the United States Agency for International Development. Analytical 
support from Nicola Cenacchi, Richard Robertson, and Shahnila Dunston is also grate-
fully acknowledged.
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alternative Scenarios for Climate Change 
Analyzing climate change and its impacts requires a wide range of data and 
analytical tools. These may include general circulation models (GCMs) that 
generate simulations of future climates based on assumptions about future 
growth in greenhouse gas emissions; hydrology models that simulate water 
flows and storage; crop models that simulate crop growth; and economic 
models that simulate interactions between agricultural production, consump-
tion, prices, and trade.

Methods and Scenarios

IFPRI’s long-term projections of food and agriculture are based on the 
International Model for Policy Analysis of Agricultural Commodities and 
Trade (IMPACT), a multimarket model that simulates the operation of 
national and international markets, solving for production, demand, and 
prices that equate supply and demand across the globe (Rosegrant and 
IMPACT Development Team 2012; Robinson et al. 2015). The core model 
is linked to a number of “modules” that include climate models, water mod-
els (hydrology, water basin management, and water stress models), global 

FIGURE 19.1 The IMPACT system of models
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gridded crop simulation models (Robertson 2017) such as the Decision 
Support System for Agrotechnology Transfer (DSSAT) (Jones et al. 2003; 
Hoogenboom et al. 2017), value chain models (for example, sugar, oils, live-
stock), land use (pixel-level land use, cropping patterns by regions), nutrition 
and health models, and welfare analysis (Figure 19.1).

The core multimarket model focuses on national and global markets 
including 159 countries. Agricultural production is specified by models of 
land supply, allocation of land to irrigated and rainfed crops, and determi-
nation of yields. Production is modeled at a subnational level, including 320 
regions called food production units (FPUs). FPUs are defined to link to 
the water models and correspond to water basins within national boundar-
ies—154 basins (that is, Nile, Amazon, and so forth) and 159 countries. The 
multimarket model simulates 62 agricultural commodity markets, represent-
ing the bulk of food and cash crops. A range of methodological innovations 
and improvements were incorporated to allow quantitative assessments of 
the potential trade-offs between competing and complementary multidimen-
sional future scenarios. 

• Countries

• Water 
   basins

• Food
   production
   units

159

154

320

Source: reproduced from robinson et al. (2015).

Climate Change and agriCultural development  631



The IMPACT partial equilibrium modeling framework was extended 
with a global computable general equilibrium model (GLOBE) (Willenbockel 
et al. 2018) and several linked postsolution models to evaluate the scenario 
effects of various investment requirements, along with evolving land-use 
changes, greenhouse gas (GHG) emissions, biodiversity, water quality, and 
micronutrient availability as well as dietary diversity. Another key model-
ing innovation was a new methodology to estimate research costs under ref-
erence and alternative investment scenarios (Mason-D’Croz et al. 2019). The 
IMPACT model is continually being upgraded and enhanced, through close 
collaboration between IFPRI and the other 14 CGIAR centers through 
the Global Futures & Strategic Foresight project, and with other leading 
global modeling groups through the Agricultural Model Intercomparison 
and Improvement Project (AgMIP) (Rosenzweig et al. 2013; Rosenzweig et 
al. 2018).

To facilitate analysis and comparison involving multiple models, stan-
dard sets of assumptions about different climate change trajectories, called 

“representative concentration pathways,” have been developed as part of the 
Intergovernmental Panel on Climate Change (IPCC) process (Moss et al. 
2010). These range from relatively slow rates of change in Representative 
Concentration Pathway (RCP) 2.6 (expressed in units of radiative forcing, in 
this case 2.6 watts per square meter in 2100), to relatively rapid change in RCP 
8.5, with intermediate cases RCP 4.5 and 6.0 (Figure 19.2).

To estimate impacts of future climate change, we need to distinguish those 
impacts from the effects of other major drivers of change, including popu-
lation, income, and technology. As with climate change, the global model-
ing community has also developed a set of standardized assumptions about 
changes in these other drivers to facilitate analysis and comparison involv-
ing multiple models. These “Shared Socioeconomic Pathways” (O’Neill et 
al. 2014; O’Neill et al. 2017) include a business-as-usual case (SSP2), a case 
with faster income growth and slower population growth (SSP1), a case with 
slower income growth and faster population growth (SSP3), and two other 
cases characterized by different assumptions about the nature of technological 
change and the degree of economic inequality (Figure 19.3).

Global and Regional Patterns of Climate Change

Climate change is characterized by multiple dimensions, including rising tem-
peratures, changing precipitation patterns, changing frequency and intensity 
of extreme weather events, changing patterns of pests and diseases affecting 
crops and livestock as well as humans, sea-level rise, and glacial melting. The 
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first four are global in scope, while the last two are concentrated in coastal 
areas and particular river basins, respectively. Of the first four, current eco-
nomic modeling capacities limit our primary focus to the first two: tempera-
ture and precipitation. General circulation models vary in the details of their 
projections about changes in temperature (Figure 19.4), but they generally 
agree that increases will be largest (up to 4˚C or more by 2050) at higher lat-
itudes, especially in the Northern Hemisphere. But lower latitudes, with 
higher temperatures to begin with, will feel the effects of heat stress with even 
smaller increases.

FIGURE 19.2 Climate change as characterized in different Representative Concentration 
Pathways (RCP), 2000–2100
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Models vary more widely in their projections of changes in precipitation 
(Figure 19.5). There is general agreement that North Africa and southern 
Europe will become drier and that high northern latitudes will be wetter, but 
there are significant differences across models for most other regions. This 
highlights the uncertainty inherent in projections about climate change and 
its impacts.

FIGURE 19.3 Socioeconomic drivers of change, 1980–2100
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Climate Change Impacts on agriculture
Climate change affects agriculture most directly through the impact of 
changing temperatures and precipitation patterns on the growth of crops 
and livestock. Modeling tools such as the Decision Support System for 
Agrotechnology Transfer (DSSAT) system of crop models can analyze how 
future changes in these variables will affect the growth of particular crops and 
varieties, given levels of other variables such as soil quality and management 
practices. Figure 19.6, for example, shows how climate change would affect 
yields of rainfed maize, according to the HadGEM general circulation model 
and the DSSAT maize model and assuming climate changes rapidly as charac-
terized by representative concentration pathway 8.5. Yield losses of 25 percent 
or more (indicated in red) are widespread, including in major producing areas 
in Asia, Brazil, Europe, and the United States. Impacts are mixed in Africa, 
and positive in a few areas such as northern China and western Canada.

It is essential to note that the projections in Figure 19.6 show only the 
direct biophysical impacts of changes in temperature and precipitation, hold-
ing constant such factors as technology and management practices. But these 
other factors are also changing over time, as a result of changes in demand 
(and thus prices) driven by changes in population, income, and dietary pref-
erences, and also as a result of changes in prices driven by the biophysical 
impacts of climate change itself. Yield shocks of the magnitude indicated in 
Figure 19.6, were they to be realized, would trigger price increases for maize 
that would in turn induce changes in technology and management that would 
ripple through the agricultural economy. In fact, these changes are already 
occurring, for example as farmers adjust planting times and experiment with 
different crop varieties, and as researchers develop new varieties that are more 
tolerant of higher temperatures. Analyzing these indirect effects to determine 
the impacts of climate change more completely requires the use of global eco-
nomic models in combination with climate and crop models.

Recent studies using multiple climate, crop, and economic models have 
explored this question under a range of climate and socioeconomic scenarios. 
Nelson et al. (2014) found that climate change would reduce yields of maize, 
rice, wheat, and soybeans by an average of 11 percent worldwide by 2050, rel-
ative to the hypothetical reference case of no climate change in 2050, and 
increase real prices by 20 percent over the reference case. Using a similar set of 
models, Wiebe et al. (2015) found yield reductions of 5 percent to 7 percent 
in 2050 for the same four crops plus sugar, attributing the difference to a 
broader range of socioeconomic and climate scenarios considered, with model 
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improvements allowing greater flexibility in responding to climate change, 
and the fact that sugar yields were found to respond more favorably to cli-
mate change than those of the other four crops considered. These yield losses 
in turn triggered real price increases for these commodities of 10 percent to 
15 percent over 2050 levels in the absence of climate change and increases in 
area harvested of around 4 percent. While these increases in prices and area 
may not sound large over several decades, they are nevertheless double the 
increases that would be expected over that period in the absence of climate 
change, with important implications for access to food and environmental 
quality, respectively.

These impacts need to be seen in the context of broader changes driven 
by other drivers such as population, income, and technology. The latest base-
line projections from IMPACT (IFPRI 2019) indicate that global food pro-
duction will grow by about 60 percent over 2010 levels by 2050 in the context 

FIGURE 19.4 Changes in maximum temperature in 2050 compared to 2000 (°C)  
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of climate change—10 percentage points less than would be the case without 
climate change. Production will grow more rapidly in developing countries, 
particularly in Africa. Even with population growth and climate change, per 
capita consumption is projected to increase by 10 percent globally to more 
than 3,000 kilocalories per day. But differences in access to food within and 
between countries mean that nearly 500 million people will remain at risk of 
hunger. In Africa south of the Sahara an additional 46 million people are pro-
jected to be at risk of hunger in 2050 as a result of climate change—30 percent 
more than would be at risk in the absence of climate change.

Despite the impacts of climate change, meat production is projected to 
grow by 65 percent globally by 2050, and by 76 percent in developing coun-
tries, although per capita consumption levels in developing countries will 
remain less than half of those in developed countries. Production of fruits 
and vegetables, pulses, and oilseeds will grow even more rapidly, by more 

IPLS-CM5A-LR

MIROC-ESM

Source: robinson et al. (2015), according to four general circulation models using rCp 8.5.
Note: geophysical Fluid dynamics laboratory-earth System model version 2m (gFdl-eSm2m); hadley Centre global 
environment model version 2-earth System (hadgem2-eS); institut pierre-Simon laplace Coupled model, version 5a, low 
resolution (ipSl-Cm5a-lr); model for interdisciplinary research on Climate-earth System model (miroC-eSm).
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than 80 percent globally and more than doubling in some regions. Per cap-
ita consumption of fruits and vegetables in developing countries is projected 
to surpass that of developed countries by 2050, with important benefits for 
nutrition and health. Production of cereals and roots and tubers will grow 
more slowly, by around 40 percent globally but roughly doubling in Africa 
south of the Sahara. Developing countries as a group will become larger net 
importers of food from developed countries.

In addition to the indicators presented here, IMPACT allows us to 
explore changes in prices, land and water use, greenhouse gas emissions, and 
other socioeconomic and environmental indicators. Prices, for example, are 
projected to rise by about 50 percent for most food commodity groups by 
2050 when the impacts of climate change are considered—about double the 
increase projected in the absence of climate change. 

FIGURE 19.5 Changes in annual precipitation in 2050 compared to 2000 (millimeters) 
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IPLS-CM5A-LR

MIROC-ESM

Source: robinson et al. (2015), according to four general circulation models using rCp 8.5.
Note: geophysical Fluid dynamics laboratory-earth System model version 2m (gFdl-eSm2m); hadley Centre global 
environment model version 2-earth System (hadgem2-eS); institut pierre-Simon laplace Coupled model, version 5a, low 
resolution (ipSl-Cm5a-lr); model for interdisciplinary research on Climate-earth System model (miroC-eSm).

FIGURE 19.6 Climate change impacts on rainfed maize yields
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Investments for Climate Change adaptation
This section draws on work by Rosegrant et al. (2017), which has also been 
elaborated in recent work by Chan et al. (2019), Enahoro et al. (2019), 
Petsakos et al. (2019), and Frija et al. (2020). We apply the IMPACT mod-
eling system linked to the GLOBE general equilibrium model to assess 
whether increased investments in the agricultural sector and rural infra-
structure can effectively adapt the sector to climate change, improving the 
longer-term results on a range of food security, income, and environmen-
tal outcomes under climate change to better performance than under a 
future with no climate change. We assess the impacts of alternative agricul-
tural R&D investment options as well as the role of complementary invest-
ments in irrigation and water resource management, soil management, and 
infrastructure. 

Reference Scenario

The reference scenario used in this analysis, employed for comparison with 
alternative investment portfolios, assumes middle-of-the-road changes in pop-
ulation and income and rapid climate change. These assumptions are based on 
the IPCC’s Shared Socioeconomic Pathway 2 (SSP2), in which the global pop-
ulation reaches 9.2 billion by 2050 with an average income of US$25,000 per 
person, and Representative Concentration Pathway 8.5 (RCP 8.5), as modeled 
by the HadGEM general circulation model (GCM).2 Under RCP 8.5, by mid-
century, the global mean surface temperature is projected to increase by 2.0˚C 
relative to levels in 1986 through 2005 (Stocker et al. 2013).

Agricultural Research

Improvements in agricultural productivity in the reference scenario are rep-
resented by exogenous growth rates for each commodity and country, based 
on historical trends and expert opinion about future changes. We have devel-
oped an R&D investment-yield model to assess the investment required to 
achieve projected growth in agricultural productivity. Investments in research 
take time to bear fruit, as innovative ideas can take years to be developed and 
diffused widely. To capture these lags, the investment-yield estimation model 
is based on the perpetual inventory method, where research investments 

2 Two additional variants of the baseline scenario were also run to explore sensitivity to climate 
change assumptions, one using a different GCM (REF_IPSL) and one assuming no climate 
change (REF_NoCC).
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contribute to the stock of knowledge over time. Knowledge decays as older 
technologies become obsolete or irrelevant. Productivity grows if the stock of 
knowledge grows at a faster rate than it decays. The lag structure in the per-
petual inventory method used here follows a gamma distribution in which 
R&D investments reach peak impact ten years after the initial investment and 
then decline over time, reaching zero ten years after peak impact. 

With regionally differentiated research elasticities and decay rates, these 
imputed lag structures would vary by region according to existing R&D 
capacity and the potential trajectories for each region. Research capacity itself 
also varies significantly by region. To reflect these differences, we use elastic-
ities of productivity with respect to research investments from the literature 
and incorporate spillover effects to represent each region’s capacity to access 
and apply outside knowledge. 

Irrigation and Water Resource Management

Water availability, including rainfall, streamflows, and evaporation, is deter-
mined in a hydrological model that downscales precipitation and temperature 
from climate scenarios generated by the GCM. Water supply and demand for 
each sector are determined in a simulation model that allocates water across 
irrigation, livestock, domestic, and industrial use. Water supply and demand 
are solved in 154 river basins globally and are linked annually to the IMPACT 
economic model (Robinson et al. 2015). Two of the key drivers in this model 
are assumptions on trends in irrigation expansion and water use efficiency 
(WUE). As with our assumptions on agricultural productivity, the reference 
assumptions used for these drivers are based on historical trends combined 
with expert opinion about future pathways. Total harvested area expands by 
about 18 percent in the projection period from 2010 to 2050. Irrigated area 
grows at a faster rate than rainfed area. Expansion of irrigation requires invest-
ments in water infrastructure such as dams, canals, and other conveyance sys-
tems. While the largest expansion in irrigated area is projected in Asia, the 
largest investments will be needed in Africa south of the Sahara due to the 
higher costs of expanding irrigation. 

Infrastructure

The economic growth assumed in the reference scenario also includes invest-
ments in new infrastructure and in maintenance of existing electrification, 
roads, and other items. 
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Alternative Investment Scenarios

Three sets of alternative investment scenarios were analyzed, each of which 
increases investment in one of the areas described in the previous section. A 
fourth comprehensive scenario combines elements from the first three. 

1. Enhanced productivity through increased investments in agricultural 
R&D.

2. Improved water resource management. 

3. Improved marketing efficiency through increased investment in 
infrastructure. 

4. A comprehensive scenario combining select elements of 1–3. 

R&D for enhanced productivity. We model boosts to agricultural produc-
tivity through increased investment in R&D. These gains were first expressed 
as potential changes in absolute yield levels and then translated into differen-
tial yield growth rates used in the IMPACT modeling framework. The final 
endogenous yields and output growth generated by the scenarios are functions 
of interactions between these growth rates and projected changes in prices, 
demand, and other factors. Increased yields are combined with increased 
research efficiency to accelerate development, dissemination, and adoption of 
new technologies. Sources of improved research efficiency include more effec-
tive breeding techniques, brought about by advances in genomics, bioinfor-
matics, and high-throughput gene sequencing, and more effective regulatory 
and intellectual property rights systems that reduce the lag times from discov-
ery to deployment of new crop varieties. 

Improved water resource management. Three alternative scenarios focus on 
investments and improvements in agricultural water resource management 
that affect crops and livestock directly through changes in water availability, 
and livestock indirectly through changes in feed prices. They include (1) accel-
erated investments in irrigation expansion; (2) the combination of irrigation 
expansion with improved water use efficiency on all irrigated cropland; and 
(3) improvements in rainwater harvesting and soil water-holding capacity. The 
expansion scenario simulates an expansion of irrigated areas in developing 
countries by 2030, relative to the reference scenario, with changes thereafter 
following the growth rates in the reference scenario. In the water use effi-
ciency scenario, irrigation efficiencies are assumed to increase by 15 percent 
by 2030 and remain constant thereafter. The water management scenario 
simulates the benefits of technologies such as no-till agriculture and water 
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harvesting that increase the water-holding capacity of soil or otherwise make 
precipitation more readily available to plants (that is, effective precipitation). 
Improvements vary by region due to varying levels of application, with a max-
imum increase in effective precipitation of 5 percent to 15 percent by 2045. 
Projected increases are largest in Africa south of the Sahara, where adoption of 
improved water-saving technologies is currently lower than in South Asia and 
other regions.

Improved infrastructure and market access. The Reduced Marketing 
Margins scenario assumes a mix of infrastructure improvements throughout 
the economies of developing countries, focusing primarily on transportation 
(road building, road maintenance, and railroads) and increased rural electri-
fication. These improvements enhance productivity along the value chain, 
increase the speed of moving commodities to markets, and improve storage 
capacity—all of which boost market efficiency by better matching supply and 
demand over time. We represent these improvements as a reduction in the 
cost of moving goods from the farm to market. In IMPACT this is done by 
adjusting the price wedges between producer and consumer prices, reducing 
the margin from producer prices to consumer prices by 1 percentage point per 
year in all regions between 2015 and 2030. 

Comprehensive investment portfolio. The final scenario considers the poten-
tial outcomes of a comprehensive investment portfolio that combines the 
investments of three other scenarios, including productivity enhancement, 
water management, and infrastructure investments. 

Impacts on Poverty, Agriculture, Food Security,  
and the Environment to 2050

The scenarios vary widely in cost and generate a wide range of impacts. In 
some cases, impacts on different objectives are complementary, while others 
have significant trade-offs. The productivity enhancement scenarios generally 
offer moderate improvements in income, agricultural supply, and food secu-
rity, with little impact on environmental improvement by 2030, but larger 
improvements by 2050, at relatively low cost. The water management scenario 
reduces water use and shows small improvements in income, supply, and food 
security. The infrastructure scenario increases income, supply, and food secu-
rity, but at the cost of increased conversion of forestland and added GHG 
emissions. Such variable outcomes highlight the importance of a mixed port-
folio of investments combining productivity enhancement with improved 
water resource management and market access. The comprehensive scenario 
achieves significant improvements in all outcome areas, particularly by 2050.
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Income

In the reference scenario, global average incomes in 2050 increase by more 
than 150 percent compared to 2010, driven primarily by faster growth in 
the developing world. However, climate change slows income growth in all 
regions, the most in developing countries. The largest impacts are in South 
Asia and Africa south of the Sahara, where incomes in 2050 are 3 percent 
lower than they would be in the absence of climate change, compared to a 
reduction of 0.25 percent in developed countries. This translates into a neg-
ative impact of US$4.6 trillion on the developing world; Asia is hit hard-
est, although negative effects are felt around the globe (in trillion US$ in 
2050: East Asia and Pacific −1.9; South Asia −1.4; Africa south of the Sahara 
−0.5; Middle East and North Africa −0.3; Latin America and the Caribbean 
−0.2).

In the enhanced agricultural productivity scenarios, as in the reference 
case, average global per capita income is projected to increase by about 2.5-fold 
between 2010 and 2050. This rate of increase is broadly similar across all of 
these scenarios because the agricultural sector is relatively small compared to 
the global economy. The average increase in income across developing coun-
tries is larger—closer to a fourfold increase compared to 2010—due to the 
larger share of agriculture in developing economies. In general, climate change 
results in per capita income about 3 percent lower in 2050, relative to levels 
in the absence of climate change, but incomes grow more rapidly under all 
productivity-enhancement scenarios. The highest increases are in the scenar-
ios where CGIAR investments are supplemented by those from national gov-
ernments or through increases in CGIAR R&D system efficiency. Increases 
are projected to be largest in South Asia (especially Afghanistan, Nepal, and 
Pakistan) and Africa south of the Sahara (especially Benin, Ghana, and 
Nigeria). 

The three water scenarios all have a positive but small (less than 1 percent) 
impact on developing world incomes. In general, we see relatively small gains 
from expanding irrigation alone. This suggests that it will take increased 
investments in water use efficiency to fully realize the benefits of expanding 
irrigation. The improved infrastructure scenario increases the efficiency of 
transportation and processing sectors, thus reducing the cost of getting raw 
commodities from farm to table. These gains lead to increases in income of 
about 1 percent in developing countries. The gains vary by region, with the 
largest observed in Latin America and the Caribbean and Africa south of the 
Sahara, though smaller per capita gains across Asia add up when population 
size is factored in.
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The comprehensive scenario sees significant increases in income, which 
would make achieving the CGIAR System Level Outcomes (SLOs) and the 
United Nations Sustainable Development Goals (SDGs) much easier. Relative 
to the reference in 2050, average incomes across developing countries rise by 
just over 4 percent in 2030 and by nearly 6 percent in 2050, adding more than 
US$9 trillion to the global economy. The largest improvements are in South 
Asia (with an increase of 9 percent), followed by Africa south of the Sahara 
(7 percent) and East Asia and Pacific (5 percent). (Due to complexity and over-
lap in the combination of scenarios, increases in income for the comprehensive 
scenario are less than the additive income gains from each of the component 
scenarios individually.)

Yield, Production, and Area

Globally, climate change will compound pressure on agriculture.3 Although 
global average yields for the majority of crops are estimated to increase 
between 2010 and 2050 regardless of climate effects, climate change results in 
generally slower growth compared to the no climate change (NoCC) scenario. 
As a result, aggregate yields in 2050 are reduced under climate change for all 
commodity groups, although this is not necessarily the case for each single 
crop. Global average yields across the cereals group are estimated to decline 
by 6 percent to 9 percent under climate change by 2050. Overall, yield losses 
across all crops due to climate change are largest in South Asia, followed by 
Africa south of the Sahara and Latin America and the Caribbean.

Production for all major commodity groups increases between 2010 and 
2050 across both developed and developing regions. As with yields, however, 
production growth is slower under climate change conditions across devel-
oping countries, while in developed countries effects are more variable. This 
leads to lower agricultural production under climate change across most 
regions, especially in Africa south of the Sahara and South Asia. Cereals pro-
duction is estimated to be hit especially hard in South Asia (for example, in 
Pakistan and India) and Latin America and the Caribbean (especially in 
Central American countries). But agricultural production may benefit from 
climate change in higher latitudes, especially across the Former Soviet Union 
(FSU) (for example, in Armenia, Belarus, and Kyrgyzstan). Under the refer-
ence scenario, area harvested for all crops is projected to grow about 18 percent 

3 Climate change impacts on livestock systems are currently modeled only through feed systems. 
Direct effects on livestock health, water use, and other components of the livestock production 
systems are currently under development for a future version of IMPACT.
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to 20 percent between 2010 and 2050 (or about 200 million additional har-
vested hectares), which combines both intensification and extensification of 
agricultural production.

The comprehensive scenario generates large increases in productivity across 
the developing world, greatly improving agricultural competitiveness. The 
combination of investments in productivity, irrigation expansion, water use 
efficiencies, and reductions in marketing inefficiencies increases the develop-
ing world’s total agricultural production by about 9.8 percent and 11.5 percent 
in 2030 and 2050, respectively, relative to the reference scenario. All targeted 
regions benefit; the largest increases in total agricultural production are pro-
jected in Africa south of the Sahara (20 percent and 25 percent in 2030 and 
2050), with South Asia and Middle East and North Africa increasing between 
15 percent and 18 percent. In response to these increases, the developed world 
lowers its agricultural production by 3 percent to 5 percent, with much of this 
decline (2 percent to 4 percent) coming from reductions in cropland area. 

Prices and Trade

In general, climate change drives world commodity prices higher. In 2050 the 
average aggregated world crop commodities prices are projected to be between 
12 percent and 18 percent higher under climate change than under the NoCC 
reference scenario. The price impacts on specific commodity groups vary 
depending on crop adaptability and specific demands on producers. Maize, 
groundnut, and potato see the largest price increases; barley, lentils, and meat 
are less affected (and could see price decreases).

In IMPACT, prices influence commodity supply and demand (and vice 
versa), while trade links national production and demand to world markets. 
Developing countries increase their net agricultural imports from the devel-
oped world between 2010 and 2050 under the reference scenario. Net imports 
for cereals and meat rise 2.6-fold and 6-fold from 86.6 million metric tons 
and 3.6 million metric tons, respectively, between 2010 and 2050. Imports of 
pulses and oilseeds rise 3.5- to 3.8-fold both from about 3 million metric tons, 
respectively. The developing world will shift from being net exporters of fruits 
and vegetables and roots and tubers to being moderate importers.

Increases in yields and production drive down world prices in 2050 across 
all of the alternative investment scenarios, relative to the reference with cli-
mate change. Increasing production through improved water resource man-
agement pushes prices down slightly (less than 1 percent on average across 
the projection period). The largest declines are observed for heavily irrigated 
crops such as rice, sugarcane, and cotton. Improved infrastructure shrinks 
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price wedges as marketing efficiency increases, allowing producers to cap-
ture a greater share of the final consumer price. This leads world prices and 
consumer prices to decline by 4 percent to 5 percent in tandem, while pro-
ducer prices increase by around 8 percent. South Asia and Africa south of the 
Sahara see larger producer price increases than the developing-country aver-
age, with maize farmers, in particular, benefiting from higher producer prices 
(12 percent increase).

In the comprehensive scenario, large increases in production push down 
prices globally, with reductions of nearly 20 percent in 2030. All targeted 
commodities see their world prices decline by more than 10 percent, with the 
largest declines occurring for roots, tubers, and pulses. In the comprehensive 
scenario the developing world improves its agricultural terms of trade, becom-
ing a net exporter, as opposed to a net importer in the reference scenario (that 
is, under climate change without additional investments). This transition var-
ies regionally; exporting regions such as Latin America and the Caribbean 
become larger exporters, while the importing regions South Asia and Africa 
south of the Sahara import less.

Food Security and Nutrition 

In the reference scenario without climate change, both the number of under-
nourished children ages zero to five and the global risk of hunger fall between 
2010 and 2050 due to rising food production. The South Asia region sees the 
largest reduction in population at risk of hunger by 2050: about 170 million 
people, with the number of affected falling from about 16 percent to about 
4 percent of the population. The trend for Africa south of the Sahara is also 
worth noting. In 2010 the estimated number of people at risk of hunger is 
comparable between South Asia and Africa south of the Sahara, but in Africa 
south of the Sahara by 2050 the population at risk of hunger falls by only 
about 60 million. Under climate change these improvements are still signifi-
cant but less pronounced. Across developing countries, the number of under-
nourished children increases by 3 percent to 5 percent in 2050 due to climate 
change compared to the reference without climate change. Climate change 
hits Africa south of the Sahara particularly hard. Its share of population at 
risk of hunger in 2050 rises from 8.6 percent under the NoCC scenario to 
10–11 percent under climate change. This corresponds to an increase in popu-
lation at risk of hunger of between 30 million and 46 million people in Africa 
south of the Sahara due to climate change (with East Africa, Malawi, and 
Tanzania among the most affected), against an increase between 5 million and 
9 million in South Asia. 
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Higher food supplies under the enhanced productivity scenarios raise the 
availability of dietary energy (kilocalories) per capita across each region. This 
reduces the population at risk of hunger by 20 percent in developing coun-
tries (and by 30 percent in Africa south of the Sahara) and the number of mal-
nourished children by about 7 percent in developing countries. The water 
resource management scenarios’ small changes in prices and income lead to 
insignificant changes in overall welfare. Nevertheless, South Asia gets a large 
boost from increased water use efficiency—hunger falls by 9 percent in 2030 
compared to the reference. Improved soil and water management, meanwhile, 
contributes more to reducing hunger in Africa south of the Sahara. When 
marketing costs are reduced, consumers’ purchasing power rises as commod-
ity prices fall and they gain increased income. These factors, together with 
increased food supply, boost consumption and reduce hunger, with the at-risk 
population falling by 6 percent in Africa south of the Sahara in 2050.

In the comprehensive scenario, commodity prices fall steeply while income 
sharply rises, leading to significant increases in kilocalorie availability across 
the developing world (from 4 percent in Latin America and the Caribbean 
to 10 percent in Africa south of the Sahara relative to the reference in 2050). 
These consumption increases are several percentage points higher than in any 
other of the investment scenarios considered, bringing the developing world 
average consumption to over 3,200 kilocalories per person per day. South Asia 
and Africa south of the Sahara see the largest increases in kilocalorie availabil-
ity, 9.1 percent and 10.0 percent, respectively, bringing both regions to an aver-
age food supply near 3,000 kilocalories per person per day. 

This dramatically reduces the population at risk of hunger, which falls 
almost one-quarter in developing countries by 2050 (compared to the refer-
ence scenario with climate change), while the absolute number at risk of hun-
ger falls from 823 million in 2010 to 361 million in 2050. Figure 19.7 shows 
the potential of the comprehensive scenario for making progress toward 
SDG2 (for hunger). Most regions achieve the SDG2 target under the compre-
hensive scenario except for Africa south of the Sahara. In addition, although 
climate change is a drag on achieving SDG2, investments of the type mod-
eled under the comprehensive scenario show there is potential to mitigate 
those effects.

Climate Change Mitigation
As shown in Figure 19.7, climate change has significant impacts on agri-
culture. Mitigation includes measures that reduce the amount of emissions 
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(abatement) or enhance the absorption capacity of greenhouse gases (seques-
tration). The total global potential for mitigation depends on emissions levels, 
technology availability, enforcement, and incentives. In many situations the 
efficiency of agriculture can be improved at a low cost; however, when low-
cost incentives are unavailable, policy development is important. The follow-
ing is a short summary of key points.

Greenhouse Gas Emissions from Agriculture
• Agricultural emissions account for a significant amount of GHG emissions 

and could increase emissions substantially with growth in food demand 
if it is a sector of high economic importance in developing countries, with 
growth expected in the coming decades due to population growth and 
shifts in diets among other factors. Agriculture not only contributes to 
emissions from agricultural activities in the narrow sense but is also a 
driver of land-use change, which is usually treated separately in greenhouse 
gas accounting.

• Within the agricultural sector, emissions from fertilizer application, live-
stock and manure management, and rice cultivation are the major emission 
sources. 

FIGURE 19.7 Prevalence of hunger, in millions of people and as a share of the total 
population (%)
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Mitigation Potential and Options
• Of developing regions, Africa has the lowest economic potential, contrib-

uting only 3.4 percent to the total potential reductions at carbon prices of 
US$30 per tCO2eq. Similar results can be found for Brazil and India. 

• China and South and Southeast Asia, on the other hand, have a higher 
potential, contributing together more than 40 percent of reductions at car-
bon prices of US$30 per tCO2eq. 

• Based on these results, rice cultivation mitigation strategies have the high-
est economic potential in developing countries. 

Framework Conditions for Realizing the Mitigation Potential
• Agriculture in developing countries can play its role in the mitigation of 

greenhouse gases, but incentives to date are not conducive to investing in 
mitigation. At the same time, a major challenge will lie in aligning grow-
ing demand for agricultural products with sustainable and emission-saving 
development paths.

• The carbon market for the agricultural sector is underdeveloped. This 
is in part for good reason, as costs of verification and monitoring and 
transaction costs are rather high. However, it could be stimulated 
through different rules of access and operational rules in carbon trad-
ing as well as capacity building and advances in measurement and moni-
toring (Wollenberg et al. 2016; Godoy and Saes 2015; Smith et al. 2007; 
Rosegrant et al. 2008).

• Policies focused on mitigating greenhouse gas emissions, if carefully 
designed, can help create sustainable new income streams for farmers 
by increasing the profitability of environmentally sustainable practices 
(Rosegrant et al. 2008; Smith et al. 2008; Smith et al. 2013).

Emissions Trends

Climate change is the result of an increase in the concentration of green-
house gases like carbon dioxide (CO2), nitrous oxide (N2O), and methane 
(CH4). Rising greenhouse gas emissions are associated with economic activi-
ties including energy, industry, transport, and patterns of land use, including 
agricultural production and deforestation. As shown in Figure 19.8, agri-
culture—together with related emissions from land-use change and forestry 
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(LUCF)—create nearly one-quarter of global greenhouse gas emissions 
(IPCC 2014). 

According to CCAFS (n.d.), direct agricultural emissions were about 5.38 
GtCO2 equivalent in 2012, which is 11.7 percent of total greenhouse gas emis-
sions.4 The vast majority of agricultural emissions from this sector are meth-
ane and nitrous oxide, making the agricultural sector the largest producer 
of non-CO2 emissions. Although agricultural lands also generate very large 
CO2 fluxes both to and from the atmosphere via photosynthesis and respi-
ration, this flux is nearly balanced on existing agricultural lands. Significant 
carbon releases, however, result from the conversion of forested land, which is 
accounted for under the LUCF category. Concerning food production specif-
ically, estimates of the amount of total emissions in this sector that are due to 
land conversion for agricultural intensification are difficult to make; however, 

4 One million metric tons (MMt) of methane (CH4) emissions equals 21 million metric tons of 
carbon dioxide (CO2) emissions (1 MMt CH4 = 21 MMt CO2); similarly, 1 MMt N2O = 320 
MMt CO2. This indicates that the global warming potential of methane and nitrous oxide are 
higher than carbon dioxide because they exist longer in the atmosphere. Yet because of their sig-
nificantly smaller concentrations, the actual radiative forcing of CH4 and N2O are one-third 
and one-tenth of CO2, respectively. 

FIGURE 19.8 Global greenhouse gas emissions by economic sector, 2010 (%)
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one estimate attributes 9 percent of total global emissions—one half of LUCF 
emissions—due to the expansion into forests for feedcrops and livestock pro-
duction (Steinfeld et al. 2006). Finally, other agricultural activities related to 
GHG emissions are accounted for in other sectors, such as the upstream man-
ufacture of equipment, fertilizers, and pesticides, the on-farm use of fuels, and 
the transport of agricultural products. 

Emissions and Impacts related  
to Food Production
The remainder of this chapter focuses on emissions and impacts related to 
food production—mainly crop and livestock production—and their related 
mitigation and adaptation strategies. Non-OECD countries emit nearly 
75 percent of global emissions (WRI 2008). As a result, the theoretical poten-
tial for mitigation in developing countries is greater in the agricultural sec-
tor than in industrialized nations. Asian countries account for 37 percent of 
the world total emissions from agricultural production, with Latin America 
and Europe a distant second and third place, with 16 percent and 12 percent, 
respectively (WRI 2008). In Asia, China accounts for more than 18 percent 
of the total, while Brazil alone is responsible for nearly 10 percent of agricul-
tural emissions in Latin America (WRI 2008). 

Emissions from agriculture come from four principal sectors: agricultural 
soils, livestock and manure management, rice cultivation, and the burning 
of agricultural residues and savanna for land clearing. Figure 19.9 presents 
the share of emissions from each of these sectors. The largest shares of emis-
sions originate from agricultural soils, with most of this coming from fertil-
izer applications, and enteric fermentation (CH4) associated with livestock 
production. Each of these accounts for about 39 percent of agricultural GHG 
emissions. Flooded rice fields are the third largest source of agricultural emis-
sions, contributing nearly 10 percent in the form of methane that results from 
anaerobic decomposition of organic matter.

Options and Potential for Mitigation in Agriculture

“Mitigation” is defined as any anthropogenic intervention that can either 
reduce the sources of GHG emissions (abatement) or enhance their sinks 
(sequestration). Following this, there are two categories of mitigation methods 
in agriculture: carbon sequestration into soils and on-farm emissions reduc-
tions. While not as large as the savings potential from reducing the consump-
tion of fossil fuels, the total potential savings from various agronomic and 
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land-use activities are still substantial and can be achievable at a competitive 
cost. The technical mitigation potential is the theoretical amount of emissions 
that can be reduced given the full application of current technologies without 
considering the costs of implementation. 

A better measure of the potential for mitigation is the economic potential. 
Many estimates have been made for the economic potential for GHG mitiga-
tion in agriculture, and Figure 19.10 provides a summary of the central ten-
dency of the available estimates for the different sources of emissions from 
agriculture. The highest potential is soil carbon sequestration at 1.2 GtCO2 
equivalent. Soil carbon sequestration can be achieved through conservation 
tillage, integrated soil fertility management, restoring cultivated organic soils 
and degraded lands, retaining crop residues, and growing high-residue crops. 
A drawback of soil carbon sequestration is that renewed plowing following 
periods of low or zero tillage will release carbon to the atmosphere.

Dietary change also has significant potential, through reduction of con-
sumption of animal-sourced food in favor of plant-based diets. A combination 
of meat-based or GHG emissions–based taxes, education, school feeding pro-
grams, and long-term lifestyle change can be used to achieve diet-based savings. 

FIGURE 19.9 Greenhouse gas emissions from agriculture by source, 2012 (%) 
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Improved cropland management is another key source of GHG emission sav-
ings, through improved nitrogen-use efficiency through precision agriculture, 
slow release fertilizer, nitrogen-use efficient new crop varieties, stabilized N 
sources (polymer-coated urea and nitrification inhibitors), improved rice man-
agement (midseason drainage of rice paddies or alternate wetting and dry-
ing), and improved water management to reduce fertilizer runoff. Removal of 
subsidies on fertilizer, water, and energy would provide a major incentive to 
reduction in GHG emissions in cropland agriculture by reducing the use of 
these inputs. Other sources of reduction in emissions include livestock man-
agement through optimizing animal feed mixtures and feed additives; improv-
ing manure management systems, enhancing reproductive efficiency, and 
breeding for reduced methane emissions; and pasture management through 
improved grasses and pasture management and use of legumes. 

Although significant potential exists for mitigation in agriculture, there 
are also barriers to mitigation, especially in developing countries. These barri-
ers include the lack of a price on carbon that would incentivize the reduction 
of GHG emissions, weak property rights, political economy that prevents sub-
sidy reductions, higher production costs for sustainable practices, and a lack 
of access to inputs and technical assistance. As a result, policy interventions 
are needed to create pro-poor mitigation strategies and to maximize synergies 

FIGURE 19.10 Potential for agricultural greenhouse gas emission reduction
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with sustainable rural development and adaption. Perhaps the most important 
step is to establish a value for carbon, through the implementation of carbon 
taxes and development of payment programs for carbon-reducing agricultural 
practice and technologies. 

Policies should also look beyond purely project-based mechanisms—for 
example, on programmatic approaches or on crediting of sustainable policies 
and measures with positive mitigation effects. International capacity build-
ing and advisory services can enable countries to improve their ability to par-
ticipate in and benefit from the carbon market. Global sharing of innovative 
technologies for efficient use of land resources and low emission manage-
ment practices will also be needed. Finally, further investment in advanced 
measurement and monitoring can dramatically reduce costs of verifica-
tion. Measurement and monitoring techniques have been improving rapidly, 
thanks to a growing body of field measurements and the use of statistics and 
computer modeling, remote sensing, global positional systems, and geographic 
information systems, so that changes in stocks of carbon can now be esti-
mated more accurately at lower cost. 

Climate change mitigation policies, if carefully designed, can create a new 
development strategy that encourages the creation of new value in pro-poor 
investments by increasing profitability of environmentally sustainable prac-
tices. To achieve this dual goal, it will be necessary to streamline the mea-
surement and enforcement of offsets, financial flows, and carbon credits for 
investors. It is important to enhance global financial facilities and governance 
to simplify rules and increase funding flows for mitigation in developing 
countries. Climate policies and increased integration of agriculture into car-
bon markets will still face substantial barriers. In many regions, nonclimate 
policies related to macroeconomics, agriculture, and the environment have 
a larger impact on agricultural mitigation than climate policies, and reforms 
will be necessary to stimulate climate change mitigation.

Conclusion and Policy Implications
Population and income will continue to drive growth in demand through 
midcentury. Food and nutrition security are projected to improve, but cli-
mate change will slow this progress. Impacts are uncertain and vary by loca-
tion, time, and scale. The results presented here may be conservative in that 
they focus on the impacts of changes in mean temperature and precipitation, 
and exclude variability, extreme events, sea-level rise, and changing patterns of 
pests and diseases. These are critical areas for further research.
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It is essential to distinguish final impacts of climate change from the initial 
and direct biophysical impacts on crop growth. Final impacts depend on com-
plex feedback interactions, including—critically—choices made by individu-
als, businesses, and governments. Key among these are increased investments 
in agricultural R&D and infrastructure, which we find can offset climate 
change impacts on agriculture and food security, at least through midcen-
tury. These findings reinforce what we already know to be sound measures to 
improve productivity and resilience. The menu of management, technology, 
and investment options for climate adaptation and mitigation is essentially 
the same that has been developed for agricultural productivity growth. And 
essentially the same constraints need to be overcome with (and without) cli-
mate change—risks, uncertainty, imperfect markets, lack of credit, and insur-
ance. So what difference does climate change policy make?

As noted in Rosegrant and Sombilla (2018), climate change policy is good 
agricultural policy—with a twist. As shown in this chapter, both agricul-
tural growth and climate adaptation require increased investments in agri-
cultural research and development. Under climate change there should be 
a shift in R&D investment on the margin to breeding for nitrogen use effi-
ciency, drought tolerance, and livestock efficiency and greenhouse gas reduc-
tion. Increased irrigation investments are another priority for both growth 
and climate adaptation. In some regions climate change will make large dams 
more valuable to handle increased variability in precipitation and runoff, but 
in more cases greater emphasis should be given to small-scale irrigation for 
flexibility. Removal of subsidies for fertilizer, water, and energy, as well as put-
ting the financial savings into productivity-enhancing investments, will boost 
agricultural growth and simultaneously reduce GHG emissions. Promotion of 
healthy diets has even higher benefits under climate change because it can also 
reduce GHG emissions. Finally, the increased variability in production over 
time due to climate change can increase the benefits from removal of agricul-
tural trade and macroeconomic distortions. Open trade becomes even more 
important because climate change will increase the reliance of many develop-
ing countries on food imports. 
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THE ROLE OF WATER IN SUPPORTING  
FOOD SECURITY: WHERE WE ARE  

AND WHERE WE NEED TO GO

Claudia Ringler, Nicostrato Perez, and Hua Xie

Although global annual water availability is largely stable, with small increases 
as a result of accelerated water cycles under climate change (Oki and Kanae 
2006), the demand on water resources has grown substantially over the past 
50 years, due to population growth, agricultural and economic growth, and 
urbanization (WWAP 2016; Bates et al. 2008). This has led to increasing 
competition across water-using sectors and contributed to severe degradation 
of water and related ecosystems and biodiversity loss in parts of the globe and, 
in some cases, outmigration of humans. Higher temperatures, less certain pre-
cipitation patterns, as well as shorter, more concentrated rains together with 
prolonged dry seasons are putting further pressure on available water supplies 
(Bates et al. 2008; Fishman, Jain, and Kishore 2013; WWAP 2016). All of 
these developments have put access by farmers to water for food production at 
risk. 

Globally, most crops and livestock are produced using soil moisture 
that comes from precipitation (also known as rainfed agriculture) (FAO 
2011). Rainfed agriculture accounts for approximately 95 percent of the har-
vested crop area in Africa south of the Sahara, 86 percent in Latin America, 
two-thirds in the Middle East and North Africa region, half in Asia, and 
85 percent of the harvested crop area in high-income countries (Ringler 2017). 
Conversely, Asia features the world’s largest irrigated areas, followed by the 
Middle East and North Africa regions, and there has been little investment in 
irrigation in Africa south of the Sahara until recently. 

While most crop area is rainfed, the contribution of irrigation to food 
security has been essential, generating 40 percent of global food production 
on less than a third of the world’s harvested land. For this, irrigation requires 
large volumes of freshwater. This is reflected in the agriculture sector account-
ing for approximately 70 percent of global water withdrawals, largely for irri-
gation but also for livestock watering and aquaculture as well as for more than 
80 percent of consumptive water use of withdrawn water (FAO AQUASTAT 
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2019; Ringler 2017; WWAP 2019). Irrigated agriculture supports food pro-
duction in dry seasons, in areas that receive too little rainfall to grow food, 
and increasingly supplements production in areas with less predictable rain-
fall. Irrigated yields are generally 30 percent to 60 percent higher than those of 
rainfed crops, as irrigation supports higher-yielding seeds through improved 
water control. As a result of growing water variability and climate change, the 
role of irrigation as a key climate change adaptation strategy is growing in 
importance (Rosegrant, Ringler, and Zhu 2009; Ringler 2017).

The call for more sustainable food systems and an overall healthier planet, 
coupled with acute water shortages in cities around the globe, are putting pres-
sure on irrigation water use. At the same time, there are demands for accel-
erated irrigation development to fuel agricultural and rural growth in areas 
particularly affected by climate variability and change as well as in those 
regions where irrigation development has lagged, such as in Africa south of 
the Sahara (Malabo Montpellier Panel 2018; Vicuña, McPhee, and Garreaud 
2012; Olmstead 2013). Given growing pressures on water resources, there is 
agreement that agricultural water development and management needs to be 
dramatically improved to meet increased food demands and nutrition goals 
while also improving the environment. The next section describes the role 
of irrigation for food security, including through modeling a series of irriga-
tion expansion scenarios. An overview of the key challenges associated with 
increased irrigation development follows, along with a series of promising 
solutions. The final section concludes with policy recommendations. 

The Role of Irrigation for Food Security 
Climate change exacerbates the adverse effects of growing water scarcity on 
agricultural productivity through increasing temperatures and changing pat-
terns of precipitation and consequent increased variability in the supply of 
water (Bates et al. 2008). To assess the role of irrigation expansion for future 
food security, we use IFPRI’s International Model for Policy Analysis of 
Agricultural Commodities and Trade (IMPACT), a multimarket model that 
simulates the operation of national and international food markets subject to 
water and other constraints (Robinson et al. 2015; see Chapter 19 in this vol-
ume for additional details). IMPACT takes into account both biophysical fac-
tors, such as climate and water availability, and economic factors, such as food 
prices and food demand, and can thus assess the contribution of changes in 
irrigation development for key food security parameters under climate change. 
The climate change scenario chosen for this analysis is the HGEM Global 
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Circulation Model with a Representative Concentration Pathway (RCP) 8.5 
scenario and a midrange Shared Socioeconomic Pathway scenario (SSP2) (see 
Chapter 19). 

Without climate change (NoCC), average global yields of cereals are pro-
jected to increase from 3.3 metric tons per hectare to 4.3 metric tons per 
hectare between 2015 and 2050. With climate change (the HGEM sce-
nario), global yields are projected to be 9 percent lower, on average, in 2050. 
Yield declines due to climate change are projected to be largest in the North 
America region, albeit from high levels, followed by the Latin America 
and Caribbean region and the South Asia region. Yield declines translate 
into a projected reduction of global cereal production of 8 percent, with an 
18 percent decline in the group of developed countries and a 2 percent decline 
in the Global South. Production shortfalls put pressure on food prices and 
dampen demand for food (Figure 20.1).

Irrigation can counteract production declines and associated food price 
increases under climate change through ensuring that enough water is avail-
able during the cropping season, through increased cropping intensity, by 
expanding the cropping season into the dry season, for example, and through 
supporting higher yields through more optimal water provision on irrigated 
lands. However, irrigated area has been expanding only slowly as a result of 
high investment costs for large-scale irrigation—compared to long-term sec-
ular declines in global food prices—due to growing pressure to use water in 
other sectors and due to growing environmental concerns. As a result, growth 
in irrigated area is estimated at around 2 million hectares of harvested area a 
year globally over the next several decades, with growth concentrated in the 
group of developing countries. 

To assess the role of irrigation for agriculture and food security, we sim-
ulate three irrigation expansion scenarios under climate change with vary-
ing rates of irrigation expansion. In IRREXP_30, we accelerate irrigated area 
development over baseline expansion to increase irrigated area by 30 percent 
by 2030 from 2015 levels. In IRREXP_50, global irrigated harvested area 
grows by 50 percent by 2030 from 2015 levels; and in IRREXP_100, area 
increases by 100 percent, but over a longer timeframe, from 2015 to 2045. 
Figure 20.2 presents changes in total harvested areas as a result of irrigation 
investment and Figure 20.1 presents associated changes in average crop and 
in average cereal prices. Under moderately accelerated irrigation develop-
ment, global irrigated harvested area is estimated to increase by 101 million 
hectares by 2050, including the conversion of 47 million hectares of rain-
fed lands. If investments would generate a 50 percent increase in irrigated 
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area, an additional 165 million hectares of irrigated harvested area would be 
added, including through the conversion of 73 million hectares of rainfed har-
vested area. Under the most rapid irrigation development scenario (HGEM_
IRREXP_100), 315 million hectares of irrigated harvested area would be 
added, including 100 million hectares from conversion of rainfed area.

Increases in irrigated area support substantial increases in food produc-
tion. Production of all crops is projected to increase by 2.1 percentage points 
to 7.7 percentage points in 2050 as a result of irrigation expansion; with larger 
increases in the group of developing countries. As Figure 20.1 shows, an 
increase of irrigated areas by 50 percent over baseline rates by 2030 can close 
to reverse food price increases due to climate change. Even larger investments, 
at 100 percent over baseline increases, can reduce food prices to levels below 

FIGURE 20.1 Projected world prices of food commodities under alternative irrigation 
expansion scenarios, 2050 (index 2015 = 1.00)
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a NoCC scenario. This suggests that irrigation can make effective contribu-
tions to address adverse impacts of climate change. 

Global Challenges of Agricultural Water 
Management 

Water Depletion, Including Groundwater Depletion 

With population and economic growth, water scarcity has been on the rise 
in many areas around the world and is now often considered to be the single 
largest water problem (Jury and Vaux 2005). Using water withdrawals as a 
share of water availability as a water scarcity indicator, Figure 20.3 shows the 

FIGURE 20.2 Changes in harvested irrigated and rainfed areas, alternative irrigation 
expansion scenarios, 2050
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present water scarcity situation at the country level. A country is considered to 
be under low water stress if its water withdrawal-to-availability ratio is below 
0.2, under moderate water stress if the ratio is between 0.2 and 0.4, and under 
severe water stress if the ratio is greater than 0.4 (Alcamo and Henrichs 2002). 
Following this definition, water stress levels are largest in the Middle East and 
North Africa region, Pakistan, and selected Central Asian countries, and are 
also large for selected countries in Europe.

Ringler et al. (2016) estimate that in 2010 one-third of the global popula-
tion lived in river basins with severe risks of water scarcity (see also Oki and 
Kanae 2006) and that the share of the population at severe risk was growing 
dramatically to affect more than half (52 percent) of the global population by 
2050. In a different estimate, Mekonnen and Hoekstra (2016) find that two-
thirds of the world’s population currently live in areas that experience water 
scarcity for at least one month a year—focusing attention on the seasonal-
ity of water scarcity. However, these water scarcity indictors mask important 
subnational variations in water availability and access; highly water-scarce 
countries, such as in the North Africa region, might have adjusted to lower 
water withdrawal levels, complicating cross-country comparison, and water 
access by the poorest can be lowest in some of the most water-rich coun-
tries, such as the Democratic Republic of the Congo (Mehta et al. 2019). As 
such, the water scarcity indicator—and indeed any water-related indicator—
would need to be supplemented by additional information for water manage-
ment investments.

FIGURE 20.3 Water withdrawals as a share of internal renewable water resources at country 
level, 2010

Source: ifpri iMpaCt (2019).
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Agricultural water was traditionally supplied by surface systems through 
river diversions, or through harnessing seasonal floods (Sojka, Bjorneberg, and 
Entry 2002). However, groundwater is the largest distributed store of liquid 
freshwater in the world (Shiklomanov 1993; Gleeson et al. 2015). With tech-
nological innovations, groundwater use has been increasing dramatically over 
the last 50 years, and groundwater depletion and contamination with pollut-
ants and seawater in coastal areas has become a further sign of the growing 
risks and lack of sustainability of current agricultural water management prac-
tices. The most rapid increase in groundwater withdrawals for agriculture has 
occurred in Asia, where the world’s largest irrigated areas are located (Shah 
et al. 2007). In parts of Asia, large, centralized pumping systems were used in 
the 1950s and 1960s, often to reduce waterlogging and salinization, such as in 
the Salinity Control and Reclamation Project (SCARP) of Pakistan (World 
Bank 1986). With the advent of cheap drilling technologies and more afford-
able, individual pump sets since the 1970s, combined with a secular decline 
in investments in public surface systems in Asia, private groundwater-sourced 
irrigation has rapidly increased and in many instances overtaken large-scale 
public infrastructure in growth and extent. 

The most well-known case of smallholder-led groundwater irrigation is 
India. According to Mukherji and Das (2014), by 2011–2012 approximately 
39 million hectares of the total of 65 million hectares of net irrigated area in 
India were irrigated with groundwater. Much of this development in India 
has been due to (1) affordable, individual pump technology; (2) cheap drilling 
technology; (3) inflexible and unreliable canal irrigation—sometimes coupled 
with the availability of high water tables due to runoff and seepage and per-
colation from canal systems; and (4) in several states, access to free electricity 
for pumping (Mukherji and Das 2014). Smallholder- or farmer-driven devel-
opments in South Asia have since been replicated in parts of Southeast Asia, 
Latin America, and Africa south of the Sahara. 

Today, groundwater plays a major role in irrigation and food production 
globally. More than one-third of the world’s 301 million hectares of area 
equipped for irrigation relies on groundwater. In addition, global consump-
tive use of groundwater in irrigation is estimated to account for 43 percent of 
total consumptive irrigation water use (Siebert et al. 2010). Among the top 15 
groundwater-using countries in the world, 11 are in Asia. India is the largest 
groundwater user in the world, abstracting 251 cubic kilometers of groundwa-
ter annually, of which 223 cubic kilometers or 89 percent is estimated to be 
used for irrigation (Figure 20.4). China and the United States are the second 
and third largest users of groundwater with most of the water extracted used 
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for irrigation. Pakistan and Iran are the fourth and fifth largest groundwater 
users, abstracting an estimated 65 cubic kilometers and 63 cubic kilometers in 
2010, again largely for irrigation (Margat and van der Gun 2013). 

Intensive groundwater irrigation has led to groundwater depletion in 
many arid and semiarid agricultural regions, where groundwater is extracted 
at rates exceeding groundwater recharge (Wada et al. 2010; Wada et al. 2012; 
Gleeson et al. 2012; Döll et al. 2014). Groundwater tables have been declining 
at alarming rates in some of the world’s major aquifers (Rodell, Velicogna, and 
Famiglietti 2009; Wada et al. 2010; Jiménez et al. 2011; Gleeson et al. 2012; 
Cao et al. 2013; Long et al. 2016; Tang et al. 2017). Many of those depleted 
aquifers overlap with the world’s most important breadbaskets (Villholth et al. 
2016). Sustained groundwater overdraft puts future irrigated food production at 
risk and leads to undesirable environmental consequences, including land sub-
sidence and seawater intrusion, which can have profound social and environ-
mental impacts (Giordano 2009; Kløve et al. 2011; Medellín-Azuara et al. 2015). 

Water Pollution 

Water pollution from the overuse of agricultural chemicals is a growing, but 
largely unaddressed, threat to public health and water-related ecosystems. 

FIGURE 20.4 Groundwater extraction by sector in the top 15 groundwater-using countries, 
2010 (cubic kilometers) 
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Major pollutants from agricultural sources that lead to water quality deteri-
oration include nutrients, pesticides, and a family of emerging contaminants 
such as hormones and feed additives (Mateo-Sagasta et al. 2017). While most 
water pollution studies are carried out at small scales due to data constraints 
and the role of local biophysical environments in shaping pollution levels, a 
few macronutrient pollution studies have been implemented at larger scales, 
because sources and impacts are relatively well-known and data are more read-
ily available. Nitrogen pollution, which has been clearly linked to agricultural 
practices, is harmful for ecosystems, causing algal blooms and dead zones in 
coastal areas, such as the hypoxia in the Gulf of Mexico (Good and Beatty 
2011). Nitrates in drinking water can decrease the ability of blood to carry 
oxygen, which can be fatal for infants. 

Xie and Ringler (2017) assessed the likely future development of global 
nitrogen (N) and phosphorous (P) loadings from agricultural production 
under alternative socioeconomic, climate, and technological change scenar-
ios. They estimate global N loadings from agriculture around the year 2000 at 
46 million metric tons per year and P loadings at 2.7 million metric tons per 
year. An example of the modeled distribution of N loadings across the globe 
is presented in Figure 20.5. Global N and P loadings are projected to rapidly 
increase under all climate and socioeconomic scenarios with N loadings grow-
ing to between 62 million metric tons and 81 million metric tons. Patterns 
of change are similar for projections of P loadings but with lower overall pro-
jected growth, and a total range of 2.8 million metric tons to 3.4 million met-
ric tons per year. Moreover, growth in pollution is projected to be fastest in 
the group of low-income developing countries, with a projected increase of 

FIGURE 20.5 Estimated nutrient-loading intensity from agricultural land in the base year 
(2000) 

Source: Xie and ringler (2017).
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up to 118 percent for N loadings and up to 47 percent for P loadings. While 
nutrient-loading levels are currently largest in the Asia region (Figure 20.5), 
rates of growth are fastest in Africa.

It is much more challenging to assess the impacts of micropollutants, such 
as pesticides and emerging contaminants, as data on sources of pollution and 
their impacts are lacking, transformation processes of individual components 
and mixtures of various components are not always known, and no data are 
collected on most of these pollutants. Moreover, in many countries only some 
micropollutants are regulated and many are not treated. It is thus difficult 
to monitor and model the share of pesticide components and other microp-
ollutants that reach water bodies and to design broad mitigation measures 
(Schwarzenbach et al. 2010). 

Water pollution can occur at recommended levels of agrochemical applica-
tions, as only a share of chemicals are taken up by plants. Pollution levels can 
be larger if farms are near water bodies or if large rainfall events wash chem-
icals into water bodies. At the same time overuse of chemicals occurs and is 
linked to farmers’ risk aversion, fertilizer subsidies (often for nitrogen, which 
can lead to unbalanced use of application levels), underinvestment in exten-
sion services and related overreliance on agrodealers for advice on chemi-
cals, and farmers’ lack of knowledge regarding pesticide use when new plant 
diseases occur (Borin et al. 2005; Jin, Bluemling, and Mol 2015; Good and 
Beatty 2011). 

Water Variability 

Water variability, or hydrologic variability, is a natural phenomenon driven by 
climate variability. When manifesting in extreme hydroclimatic events such 
as floods and droughts, water variability can damage crops (Ray et al. 2015), 
destroy livelihoods, and adversely affect economic growth (Brown and Lall 
2006; Thurlow, Zhu, and Diao 2012). Owing to agriculture’s strong reliance 
on and direct exposure to weather, management of water variability is a key 
concern for food production. According to Lesk, Rowhani, and Ramankutty 
(2016), globally, droughts and extreme heat alone reduced cereal production 
by 9 percent to 10 percent during 1964 through 2007. Moreover, agricultural 
production in developing countries is more vulnerable to weather shocks, due 
to the sector’s lower capital investment and knowledge intensity and associated 
coping capacity. In recent years, almost one-quarter of weather-related dam-
ages has been in the agricultural sector in developing countries (FAO 2015). 

Figure 20.6 displays mean annual runoff and the coefficient of varia-
tion of annual runoff at a 0.5-degree resolution. Annual runoff depth is a 
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measure of water availability. The coefficient of variation (CV) is the stan-
dard deviation of annual runoff divided by mean annual runoff and is a mea-
sure of interannual water variability. Strong water variability exists in many 
regions of the world, especially arid and semiarid regions such as southern 
Africa, the Middle East and North Africa, the southwestern United States, 
and southern Latin America. Poorer countries generally exhibit higher water 
variability (Grey and Sadoff 2007). While floods can sweep away crops and 
properties, and pollute domestic water sources, droughts can cause crop losses 
through reducing both harvested areas and crop yields (Lesk, Rowhani, and 
Ramankutty 2016). In much of Africa south of the Sahara, where agriculture 
remains largely rainfed, interannual climate variability significantly affects 
agricultural GDP and total GDP. Increasing water variability associated with 
climate change is expected to increase pressure on food production. Existing 
and growing uncertainties regarding precipitation are adversely affecting 

FIGURE 20.6 Mean annual runoff and coefficient of variation (CV) of annual runoff 

Source: iMpaCt global hydrological Simulation for the 1951–2000 period.
Note: in open-water bodies grid cells where actual evapotranspiration exceeds precipitation runoff values are negative. 
runoff is in mm per year.
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investments in agricultural productivity, particularly in Africa south of the 
Sahara where investment in irrigation infrastructure is especially low (Cooper 
et al. 2008).

Food production and prices can be affected by water variability and cli-
matic shocks in significant ways, both at the local and global levels. Climate 
change projections generally only assess the mean impact of changes in tem-
peratures and precipitation and do not consider changes in the variability of 
climate. To assess the role of irrigation in addressing water variability, we sim-
ulate the impact of climate variability and change on maize production and 
net trade in maize, the key staple crop in southern Africa. Southern Africa 
is of particular interest to the analysis of climate variability due to its over-
all water scarcity and high variability of water availability (see Figure 20.6; 
Conway et al. 2015). We then simulate the potential of expanded irrigation in 
southern Africa to reduce the adverse impact of climate variability and change, 
projecting a 50 percent increase in irrigated area in the region (using the sce-
nario introduced earlier in the chapter for the southern African region only). 

Figure 20.7 presents the cumulative distribution functions (CDF) for pro-
duction and net trade of maize under climate variability and change, com-
pared to a NoCC scenario as well as the benefits from irrigation expansion for 
maize production and trade in southern Africa. The probability that maize 
production falls below 35 million metric tons increases from 13.2 percent 
under the NoCC scenario to 20.0 percent under the HGEM scenario. 
Conversely, if irrigated area is expanded in southern Africa, the probabil-
ity for maize production to decline below 35 million metric tons declines to 
6.9 percent. 

In terms of maize trade, under the HGEM climate change scenario, the 
probability and range of maize imports in southern Africa declines from 
16 million metric tons to 31 million metric tons under the NoCC scenario to 
9 million metric tons to 23 million metric tons as a result of climate change, 
which puts pressure on maize prices, resulting in a decline in demand for 
maize. With substantial expansion of irrigated area, the region would see a 
further shift to the right with a range of yet lower net imports of 5 million 
metric tons to 21 million metric tons. In this case, net imports would decline 
due to the rapid expansion in irrigated area in the southern African region, 
which would reduce the pressure on maize prices and also reduce the need to 
import maize. 

The key response to water variability has been investment in water stor-
age. Historically, most investment has been in reservoirs. Such reservoirs are 
increasingly being built as multipurpose systems, storing water for irrigation, 
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municipal-industrial uses, hydroelectricity production and flood control, and 
sometimes reservoir fisheries, and to ensure timely releases for environmen-
tal flow purposes. According to the International Energy Agency (IEA 2016), 
power production from reservoirs accounted for more than 85 percent of 
global renewable electricity generation in 2015. However, such reservoirs, or 
gray storage, often affect the migration patterns and spawning patterns of fish; 
change hydrological regimes, temperature, and flows of rivers; and can disrupt 
nutrient and sediment flows for fish and other aquatic resources. 

A more holistic consideration of the storage continuum is now increasingly 
considered. This continuum ranges from natural water storage underground, 
in the soil and in water bodies to gray infrastructure, and includes small and 
large reservoirs (McCartney and Smakhtin 2010). A relatively recent mea-
sure to enhance the natural storage capacity of groundwater for both reduced 
flooding and increased availability of water during the dry season, for irriga-
tion and other purposes, is managed aquifer recharge (MAR). MAR is the 
intentional recharge of water to aquifers for subsequent recovery or environ-
mental benefit. Dillon et al. (2019) estimate that MAR has accelerated at a 
rate of 5 percent per year and has reached an estimated 10 cubic kilometers per 
year, equivalent to more than 2 percent of groundwater extraction in countries 
reporting MAR. India and the United States, large extractors of groundwater, 
also report the largest MAR capacity. 

There are measures to directly reduce water variability in irrigation sys-
tems, for example, through improved irrigation-scheduling tools that can 

FIGURE 20.7 Variability in maize production and net trade, plotted as cumulative distribution 
functions, southern Africa, 2050
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reduce excess water application. These tools, including soil moisture and yield 
sensors, are increasingly linked to large databases that trigger irrigation appli-
cations or other agricultural management interventions. Improved climate 
forecasting tools, drought-monitoring bulletins, and apps that provide real-
time and near-future information on precipitation, temperatures, droughts, 
and crop prices are further tools that help farmers manage climate, water, and 
associated food production risks (Rodrigues et al. 2016).

Conclusion and Policy Recommendations 
Water scarcity is a reality today for many people on the globe, and this scar-
city is particularly felt in the agriculture sector, which is often the user of last 
resort. Driven by population and economic growth, the demand for water is 
expected to substantially increase in nearly all developing countries and many 
developed countries over the coming decades. While domestic and industrial 
water demands continue to grow faster than irrigation water demands, agri-
cultural water use will remain the largest consumptive use sector out to 2050. 
Climate change adds an additional layer of complexities to the water and food 
challenges in the future, and considerable uncertainties exist in climate model 
projections and associated projections of water availability and resulting gaps 
between demands and supplies. However, there is little doubt that the adverse 
effects of climate change on water most directly affect the agriculture sector, 
where growing more food to meet the caloric and nutrition demands of an 
increasing population will require that more water is used for food produc-
tion unless significant water savings (that is, crop per drop) can be achieved. 
Increasing water productivity can be achieved both in the water and irrigation 
sectors but also through a host of other measures. 

Policies and strategies in the irrigation sector that can help support water 
security for food production in developing countries include removal of 
restrictions to the import of advanced irrigation technologies, and increased 
investment in extension services and other knowledge management plat-
forms geared toward the use of often complex irrigation technologies as well 
as for associated knowledge areas in integrated pest management, agrochem-
ical applications, and climate information services. Knowledge platforms on 
advanced irrigation technologies can also directly address water pollution 
concerns. Drip irrigation systems can apply agrochemicals with the irrigation 
water in more precise doses than traditional application mechanisms can pro-
vide—that is, through fertigation—and can furthermore enhance the qual-
ity of horticultural products. Various precision-agricultural technologies, such 
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as soil moisture sensors or simple wetting-front detectors, can provide guid-
ance to farmers on when irrigation can improve crop yields and when not (for 
example, Stirzaker 2003). To achieve savings through direct irrigation inter-
ventions, it will be essential to further advance measurements of irrigation 
water use through remote sensing technologies, combined with field valida-
tion. Several research and private consultancy groups continue to advance 
measurements of evapotranspiration from space (Bastiaanssen, Molden, and 
Makin 2000). 

Importantly, investments in advanced irrigation technologies, such as drip 
or sprinklers, without proper assessment of water resources and flows, and 
without institutions that put a cap on withdrawals for agriculture, might well 
increase total irrigation water consumption, which is also called the “para-
dox of irrigation efficiency” (Rosegrant, Ringler, and Zhu 2009; Ringler 2017; 
Grafton et al. 2018). In rainfed environments, key measures to improve water-
use efficiency when irrigation is not available include conservation agriculture, 
improved weeding, reduced tillage, and application of mulches. Governments 
need to strengthen investments in crop breeding for increased plant transpi-
ration efficiency. Investment in agricultural research in this and other areas 
continue to fall short of research investments in other sectors like health. 
Moreover, the development of drought- and heat-stress-tolerant varieties of key 
food crops as well as submergence-tolerant varieties for coastal ecoregions can 
further improve the productivity and efficiency of irrigation applications.

In addition to investment in technologies, growing reliance on, and 
increased competition over shared water resources requires the strengthening 
of water management and allocation institutions. Such institutions include 
river basin organizations at the basin or watershed level, water user associa-
tions at the level of irrigation systems, and community rules or regulations for 
using shared aquifer resources. Mekonnen, Channa, and Ringler (2015) found 
that the existence of effective water user organizations improved agricultural 
productivity of farmers at the tail end of irrigation canals. At the community 
level, pilot studies in India have shown that collective groundwater manage-
ment facilitated by experimental games can be effective in improving local 
groundwater governance (Meinzen-Dick et al. 2018). These are now being 
scaled up to several thousand communities across multiple Indian states. 

Many of these technologies and institutions can also help remediate key 
challenges to irrigation expansion: water pollution and groundwater deple-
tion. However, this requires increased investment in these often invisible envi-
ronmental impacts. Unless serious investments and actions are taken toward 
addressing agricultural water pollution and groundwater depletion, clean water 
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will be increasingly difficult to find in the breadbaskets of Asia and the rap-
idly growing farming centers of Africa south of the Sahara. Solutions exist 
and include enhanced nutrient-use efficiency, phasing out fertilizer subsidies, 
no-till or reduced tillage, crop rotations and other conservation measures, and 
closing the nutrient cycle, but both enforcement of regulation and economic 
incentives to use fertilizers and pesticides more judiciously are currently lack-
ing (Good and Beatty 2011; IFPRI and Veolia 2015; Sun et al. 2012; Huang et 
al. 2015). 
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FUTURE OF AGRICULTURAL RESEARCH

David Zilberman

Increased application of scientific knowledge has been a major contributor to 
feeding a growing population at higher per capita food levels while decreasing 
use of land and labor per unit of food (Goldewijk 2001).1 However, growth 
in agricultural productivity varied significantly by location and crop, as was 
emphasized by Ritchie and Roser (2017) and in Chapters 3 through 7 of this 
book. This heterogeneity is associated to a large extent with varying applica-
tion of scientific knowledge and advanced technology (Evenson and Gollin 
2003). The coming decades will further challenge our agricultural system to 
meet the needs of a growing population and shifting demands of consumers, 
as well as to address the implications of climate change. 

This chapter addresses some of the basic questions regarding agricultural 
research systems, especially in the context of developing countries, raised in 
the preceding chapters. Increased urbanization and urban food demand, as 
well as increasing per capita income, will lead to greater demand for high-value 
products, including fruits, vegetables, and animal-sourced foods (Chapters 9 
and 10). Modern food value chains have emerged in response to such struc-
tural changes in food demand (Chapters 11 and 12). However, undernutrition, 
food insecurity, and poverty are persistent issues in many developing countries 
(Chapter 10). Building new equitable and viable agrifood systems will be one 
of the major issues of agricultural development in the coming decades. This 
chapter asks what agricultural research should be done, who should do it, and 
who should pay for it. A major challenging global issue in agricultural devel-
opment is how to cope with climate change (Chapter 19), which accompanies 
deteriorating stock of natural resources (Chapter 18) and growing water scar-
city (Chapter 20). Here too, the questions arise as to who should do what kind 
of agricultural research and who should shoulder the cost. 

1 I would like to thank Joel Ferguson, Ben Gordon, and Jed Silver for excellent assistance.
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To answer these questions, this chapter analyzes the innovation sup-
ply chains, relying on multiple bodies of literature. Some of the major and 
specific challenges identified in the previous chapters, which ought to be 
addressed by agricultural research, are discussed. Finally, the chapter explores 
the policy implications of this analysis. One major conclusion is that agri-
cultural research can adequately enhance capacity to feed humans as well as 
address social welfare and climate change considerations by actively investing 
in research excellence around the world. This includes developing effective 
mechanisms of technology transfer from the lab to the field and the factory 
and from developed to developing countries, as well as relying on sound reg-
ulatory frameworks that allow scientific results to flourish while maintain-
ing adequate levels of safety. It is also of paramount importance that sufficient 
public and private sources of funding are allocated to agricultural research 
and development (R&D) efforts, managed in ways that allow these efforts to 
be most effective.

Innovation Supply Chains
Agricultural research is part of an evolving system of general scientific knowl-
edge, product development and food supply chains, and political economy 
forces that affect allocation of resources and funding to agricultural research. 
Furthermore, agriculture itself is going through a major transformation, 
and research is both a contributor to and an outcome of this transforma-
tion. Previous chapters have discussed induced innovation as well as political 
economy of agricultural policy, including in relation to agricultural research 
(Chapters 1, 2, and 14). This section focuses on an emerging topic related to 
the innovation process—that is, innovation supply chains.

To understand how innovations are carried out, it is important to under-
stand the innovation supply chains connecting major players in agricultural 
research. Most innovations start with a new idea and subsequently there are 
several steps to bring the idea to an implementable product or practice. These 
steps can be defined as the research and development process, which may be 
different for different types of innovation. While many important innova-
tions originated with practitioners, the share of innovations initiated with 
scientific discovery is increasing. Once a discovery is made, it needs to be ver-
ified and quantified both in terms of efficacy and safety, and then it needs 
to be scaled up and, if it is embodied in products, an industrial and commer-
cialization process needs to be established. The next stage is dissemination of 
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information so that it can reach the final users. For simplicity, I treat research 
that leads to discoveries as basic research.2 

I refer to upscaling and testing as applied research, and commercialization 
can be viewed as development of the innovation. Dissemination can be carried 
out by private firms through marketing efforts as well as by public extension, 
and at times both. The R&D and dissemination activities may be done by dif-
ferent organizations, and the innovation supply chain consists of activities 
that lead from discovery to implementation in terms of product or practice. 
Table 21.1 illustrates the different stages and types of the innovation supply 
chain. 

There may be different configurations of the innovation supply chain. One 
configuration that has become prominent in developed countries, especially 
the United States, is the educational-industrial complex, where innovations 
originate at research institutions, like universities. Table 21.1 illustrates two 
typical patterns under the educational-industrial complex, in one case where 
a technology transfers from a university to a company and another in which 
it goes from university through a start-up to a company. These innovations 
are typically patented, and the rights to develop them are sold to private com-
panies or start-ups. These start-ups may become major corporations them-
selves or be acquired by large corporations. Graff, Heiman, and Zilberman 
(2002) documented this process of technology transfer, which served as a cru-
cial element of the emerging medical and agricultural biotechnology sectors. 
Similar processes of interaction between universities and the private sector 
were important for innovations like the tomato harvester (Rasmussen 1968). 
One of the most important elements of the educational-industrial complex 
is the involvement of university researchers with the commercialization of 
their ideas.

The intrinsic knowledge held by innovators is often essential for commer-
cialization, and the intense interaction between universities and the private 
sector has contributed to the overall performance of technological advances. 
These developments are consistent with the recent findings of Etzkowitz et 
al. (2000) that universities have played an increasingly important role in sup-
porting private industry and government in an increasingly knowledge-based 
economy. The literature emphasizes that the innovation supply chain is not 
linear, and new innovations may emerge from experience in the field as well 

2 Agricultural sciences are a form of applied research and use findings in other fields. From my 
perspective this discovery research is basic research. 
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as commercialization of products. Interaction between researchers at differ-
ent institutions is becoming more fluid. Structures akin to the educational- 
industrial complex are emerging in developing countries, where private firms 
are assuming a greater role in the application and introduction of technolo-
gies. Pray (2001) provides examples from Brazil, China, and India, where new 
forms of private-public partnerships are emerging to carry out basic research 
in plant breeding. Fuglie et al. (2012) emphasize the growing importance of 
private-sector research in the development and introduction of chemicals and 
mechanical solutions to agricultural problems in developing countries. This 
research has benefited from important transfers of knowledge through foreign 
direct investment as well as other forms of interaction with advanced research 
institutions. 

Another structure quite prevalent in developing countries is an interna-
tional/national innovation system where CGIAR, working with researchers 
at universities in developing and developed countries, conducts some of the 
fundamental research, such as developing a new variety or pest control strat-
egy for a specific location, and then this technology may be transferred to the 
National Agriculture Research System (NARS) for further adaptive research 
(see Table 21.1). Sometimes the NARS may release their technologies through 
extension directly to farmers, and at other times they transfer it to private 
firms with their own marketing efforts and extension.

The public-sector research and outreach system based on the CGIAR and 
NARS can provide a base to supply food in developing countries. But the 

TAbLE 21.1 The innovation process

Stages of the 
innovation process

Educational-industrial complex International innovation systems

Arrangement 1 Arrangement 2 Arrangement 1 Arrangement 2

research
university university Cgiar* centers Cgiar centers

Discovery

Development
start-up

Major  
corporations

National  
agriculture  
research  
system

National  
agriculture  
research  
system

patent (if applicable)  
and approval

production
Major  

corporations

private firms

Dissemination private firms/
extension extension

adoption Farmers Farmers Farmers Farmers

Source: Based on graff, heiman, and Zilberman (2002).
Note: *Formally known as the Consultative group on international agricultural research.
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agrifood sectors of the developing world would benefit from the emergence of 
private-sector research, development, and marketing. Indeed, Pray and Fuglie 
(2015) show that private agricultural R&D has been growing faster than pub-
lic R&D in recent decades, and there is a complementarity between public and 
private research. Graff and Zilberman (2001) suggest that public intellectual 
property should be managed to optimize net social benefit, and they suggest 
establishing a clearinghouse that would obtain access to intellectual prop-
erty for applications that are not likely to be pursued by the private sector but 
could significantly benefit society, especially the poor in developing countries 
and specialty crops generating low volumes of income. However, Spielman 
and Ma (2016) find that intellectual property protection, either biologically 
through the use of hybrids or legally through enforcement of patents and 
other means, allows domestic seed industries to evolve in developing countries 
and contribute to the reduction of the gap in productivities between develop-
ing and developed countries.

The nature of the innovation supply chain varies by the nature of the tech-
nology. When it comes to technologies that are embodied in products, the 
private sector plays a much greater role. The large literature on technology 
diffusion (Feder, Just, and Zilberman 1985) emphasizes the importance of 
economic factors, like pricing, risk considerations, lack of credit, and regula-
tions in introducing technologies. It argues that the diffusion of technologies 
is gradual due to heterogeneity among potential adopters and that processes 
of learning-by-doing and learning-by-using increase the attractiveness of new 
technologies and expand the range of adopters. Adoption may be hindered 
by uncertainty, and hence marketing efforts, like demonstrations, sampling, 
and money-back guarantees, are important for inducing adoption (Zilberman, 
Zhao, and Heiman 2012). Furthermore, implementation of innovations may 
require the establishment of particular supply chains—that is, the food value 
chain discussed in Chapter 12. 

The design of the supply chain determines the capacity to disseminate 
the new technology, its price, and marketing strategy. One of the key roles of 
supply chains is provision of credit as well as insurance, as lack of credit and 
risk are major obstacles for adoption of new technology (Zilberman, Lu, and 
Reardon 2017). For example, growing flowers in Kenya can be viewed as an 
innovation, which may require research with respect to varieties and practices, 
but the main challenge is the establishment of a value chain, which includes 
nurseries for genetic material, farms to grow flowers, and then systems of pro-
cessing and shipping. In the case of embodied technologies with increasing 
economies of scale in production, such as tractors and sprayers, many early 
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adopters will lease the technology from a technology provider, and over time 
users will own the technology (Du et al. 2016). 

The public sector may play a bigger role in the innovation supply chain 
for disembodied technologies, such as improved cultural practices, which are 
basically characterized by public goods. Public-sector extension agents are 
especially important in disseminating technologies that are relatively easy 
to implement and that do not require much human capital. However, when 
implementation of agricultural practices requires significant human capital, it 
may lead to the emergence of specialized consultants and information services 
(Wolf 1995). There is a growing sector of specialized consultants for irriga-
tion, waste management, and pest control, and farmers’ choices and views are 
affected by these sources of information (Lichtenberg and Zimmerman 1999). 

Reshaping Agricultural Research  
to Tackle Future Challenges
The evolution of agriculture provides the background to assess some of the 
challenges faced by agricultural research and how they can be addressed. 
These challenges are multidimensional. On the one hand, agriculture needs 
to produce more food, estimated at 60 percent to 70 percent more by 2050 
than in 2005 (FAO 2009). On the other hand, agriculture needs to address 
challenges of climate change as well as heterogeneity among regions and even 
among farmers in the same community in terms of productivity and capacity 
and the need to develop value-added agriculture. These issues have been iden-
tified as key challenges highlighted in previous thematic chapters. I address 
each of these issues with the consideration that agricultural research must 
be smallholder-friendly for poverty reduction and equitable development. In 
addition, I touch upon inherent issues about agricultural research, such as use 
of microlevel data and funding for agricultural research.

Increase Productivity

Although agricultural productivity gains have been remarkable during the 
past 150 years, the rate of increase has been declining more recently (Alston, 
Beddow, and Pardey 2009). Alston, Beddow, and Pardey (2009) argue that 
much of this decline is due to reduced public investment in agricultural 
research and the major emphasis of research on issues unrelated to productiv-
ity. Given increasing population, decreasing room for expansion of agricultural 
land, and climate change, continued emphasis on the enhancement of produc-
tivity is obviously warranted. According to Chapter 19, as long as investment 
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in agricultural research increases and emphasizes input use efficiency and 
effective use of water and other resources, overall agricultural production is 
likely to meet the growing demand at modestly higher food prices. This analy-
sis, however, does not explicitly consider some of the emerging breakthroughs 
in the life sciences, including agricultural biotechnology developments such as 
gene editing. These technologies can improve yields, reduce pesticide use, and 
enhance product quality. There is evidence that the use of Bt corn can even 
reduce postharvest risk, which has become a major concern (Wu 2006).

Investment in research to enhance productivity would allow countries to 
expand food production and prevent deforestation for expansion of agricul-
tural land and deterioration of soil fertility. Improved crop and water man-
agement and technology, such as enhanced water harvesting, conservation 
tillage, and small-scale precision farming that optimizes application of water 
and other inputs within the field, are important means to improve yields in 
both irrigated and rainfed settings as are continued investments in high-ef-
ficiency irrigation in irrigated settings (Chapter 20). And here, the ability to 
take advantage of these advanced technologies depends, to a large extent, on 
the political will.

The recent experience with genetically modified crops suggests how reg-
ulations can hinder a technology reaching its potential. While Klümper and 
Qaim (2014) and Barrows, Sexton, and Zilberman (2014) show that adoption 
of genetically modified crops has enhanced yields, increased farmers’ income, 
and decreased use of pesticides in the few countries and for the few crops 
where it has been adopted, it is far from reaching its potential. Regulations, in 
particular, hamper the ability of developing countries, especially in Asia and 
Africa (Herring and Paarlberg 2016). The case of golden rice (Wesseler and 
Zilberman 2014) demonstrates the immense monetary and human health 
loss due to regulatory delay; and the bans on technologies developed in and 
for Africa show the large cost of regulation in terms of malnutrition (Wesseler 
et al. 2017). Furthermore, costly and uncertain regulations of new technol-
ogies tend to reduce investment in these technologies in university research, 
and most important, in the private sector, which commercializes new knowl-
edge throughout the innovation supply chain. From the viewpoint of political 
economy (discussed in Chapter 14), equilibrium with undesirable regulations 
should be broken by providing scientifically correct information about geneti-
cally modified crops. 

Genetic modification was one of the first major applications of mod-
ern molecular and cellular biology in agriculture. With more recent break-
throughs, such as gene editing, the potential for new innovation is immense. 
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The extent of the societal gain from these technologies depends on the devel-
opment of a regulatory framework that (1) balances the benefits of these tech-
nologies with sound risk considerations and (2) uses adaptive management 
where some experimentation is allowed with new technologies before large-
scale use (Bradford et al. 2005). Furthermore, the capacity to take advantage 
of these promising new tools depends on an expanded network of research 
centers that study how and when new technology packages can be applied 
effectively throughout the world. Foley et al. (2011) suggest that the major dis-
crepancy in terms of productivity between regions points to a large potential 
to increase yield and efficiency as technologies are introduced. 

However, introduction of new varieties and production methods is not fea-
sible without applied research that allows for adaptation and an effective sup-
ply chain for dissemination of these technologies. This further emphasizes the 
important role of a wide network of research stations associated with private- 
sector firms and extension distributed throughout the world. The ability to 
introduce more productive systems will benefit from the transformation of 
agricultural systems, introduction of advanced supply chains, and improved 
transportation and information technologies as well as demographic changes 
in agriculture.

Address Heterogeneity

The differences between regions in terms of productivity are among the most 
notable features of agrifood systems around the world (Chapters 3–8). No 
less important is the heterogeneity of productivity among farmers even in the 
same areas (Chapter 11). Needless to say, agricultural productivity and welfare 
or poverty are intimately related, so that in order to eradicate poverty, enhanc-
ing agricultural productivity in left-out areas is indispensable. Different 
regions have different research and agrifood systems. Advanced countries, to 
some extent, have strong research universities, effective agribusiness firms, 
robust infrastructure, and safety nets. Middle-income countries have many of 
the same features, while low-income countries lack these features, in part or 
whole. 

Low-income countries, though, are generally most vulnerable to climate 
change, and their production practices and yields lag substantially. While these 
countries will continue to be dependent on CGIAR centers in the foreseeable 
future, policies that are focused on developing stronger national research cen-
ters and extension to adapt and develop technologies are crucial (Chapter 11). 
The work of Evenson and Kislev (1975) emphasizes the importance of excel-
lence in research in being able to identify the best suited cultivars. Thus each 
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region should pursue establishing centers of agricultural research excellence. 
Sanchez (2010) emphasizes the complementarity between agricultural prac-
tices and inputs, and thus research centers should have expertise in multiple 
aspects of agricultural production (for example, soil, water, fertilizers, seeds, 
and so on). In addition to establishing strong NARS, the decentralized exten-
sion system, which can deal with technology diffusion in vastly heterogeneous 
production environments, must be developed (Chapter 11). Furthermore, 
the public sector should not operate in isolation but rather develop links and 
alliances with the private sector that must grow even in the least developed 
countries in order to take advantage of new knowledge and opportunities to 
establish mechanisms for dissemination of new technologies. 

The issue of heterogeneity is particularly relevant for natural resource man-
agement or NRM (Chapter 18). One clear finding from the existing studies is 
that the performance of NRM technologies, individually or in combination, 
varies considerably across different contexts (for example, by soil type), and 
their adoption also varies considerably as a consequence of this heterogeneity 
as well as socioeconomic variation (for instance, land rights, wage rates, and 
degree of market development). Therefore, research can probably have the larg-
est impact by better understanding which of the existing NRM practices are 
likely to be most suitable for different contexts. Another clear finding is that 
desirable NRM practices or rules are insufficiently applied if measured by phys-
ical indicators of sustainability such as land degradation or water availability. 
So agricultural R&D could usefully reallocate funds away from pure techno-
logical research into understanding of institutional and socioeconomic factors, 
how practices can be adapted to fit better into local contexts in the short run, 
and how to improve the institutional environment in the longer term.

Develop Value-Added Agriculture

Rural poverty and low income have been major problems in both developed 
and developing countries, stemming from inelastic demand for agricultural 
commodities and technological change. Agricultural policies should aim 
to ameliorate these problems by transforming the rural economy (Chapters 
11 and 12), but migration away from agriculture and larger farm operations 
have contributed to addressing them (Schultz 1964; Gardner 1992). In fact, 
the economic potential and viability of small subsistence farms in develop-
ing countries is limited (Hazell 2005). An increase in farm size is a key step 
for increasing farm incomes, and the development of labor-saving technology, 
such as mechanization, is a prerequisite for farm size expansion. Foster and 
Rosenzweig (2017) provide evidence from India showing that labor market 
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frictions explain the persistence of small farms, but that this inhibits optimal 
machine use that takes advantage of economies of scale. Preservation of small 
farms is inefficient and exacerbates poverty. The seminal paper by Kislev and 
Peterson (1982) suggests that farmers in developed countries were pulled by 
higher urban incomes, which led to increases in farm size that helped remain-
ing farmers to increase their income. 

Urbanization and the development of local towns will be facilitated by the 
development of such technology (Chapters 9 and 11). Another avenue is to 
increase value-added of agricultural products both on the farm and in rural 
areas (Thirtle, Lin, and Piesse 2003). Value-added agriculture can be achieved 
by increasing production of specialty crops (for example, fruits, vegetables, 
flowers) and transition from basic commodities to differentiated products 
(for instance, corn or potato with unique nutritional or taste characteristics). 
The bifurcated nature of agriculture, where a small share of higher-income 
consumers has significant willingness to pay for uniquely produced agricul-
tural products (for example, organic, exotic crops), can benefit the rural sector. 
As income grows, emphasis on differentiated, high-quality products should 
become a major priority for the agricultural sector (Chapter 11). However, 
development of value-added agriculture requires additional knowledge, sophis-
ticated supply chains, and supportive policies. Also needed are innovative 
credit and insurance programs to facilitate the adoption of potentially profit-
able but possibly risky production of high-value products (Chapters 16 and 17).

Chapter 10 has clearly shown that many nutritious foods are very expen-
sive in poor countries, which is likely to result in undernutrition. Thus the 
reduction of prices of nutrient-dense foods is an urgent issue, and diversifying 
agricultural R&D into nonstaple foods is the way to go. Also indispensable 
are related investments in extension and veterinary services, as many high-
value products are new to farmers and the population of livestock is expected 
to increase. Also important for the development of value-added activities is 
the development of food-processing technologies and transport systems of 
fresh farm products. For example, agricultural research on solar-powered post-
harvest drying and refrigeration technologies could have a high payoff.

Value-added agriculture can benefit from the expansion of the bioeconomy. 
This is the growing part of the economy that uses advances in life sciences and 
utilizes living organisms to produce goods and services. Besides food products, 
the bioeconomy produces fuels, chemicals, and medical products (Wesseler 
and von Braun 2017). It is a key to transitioning from relying on nonre-
newable resources to a sustainable economy. Agricultural research should 
be expanded to include production of multiple products from agricultural 
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feedstocks, as expansion of the range of products produced by agriculture 
will increase the well-being of the rural sector (Zilberman et al. 2013). While 
there has been significant debate about diversion of agricultural resources 
away from food to produce biofuels, and it seems that in the short run there 
have been some negative effects of biofuels on poverty, with the right policies, 
biofuels and poverty reduction are not substitutes but can complement one 
another (Kline et al. 2017). In other words, agricultural research to boost pro-
ductivity and promote utilization of agricultural resources can contribute to 
both supply of ample food and enhancement of farmers’ income. 

Adapt to Climate Change

Although the scientific understanding of climate change and ability to predict 
its impacts are improving, they are still shrouded in uncertainty. Nevertheless, 
climate change will have a significant impacts on agrifood systems that will 
require, and already have prompted, major adaptations. Climate change is 
likely to result in (1) migration from regions closer to the tropics to regions 
closer to the poles, (2) rising sea levels and loss of coastal lands, (3) increased 
snow and ice melt as well as changes in supply of surface water, and (4) 
increased probability of extreme events with increased likelihood of fires, 
floods, and droughts. 

The responses to climate change ought to include innovation and adop-
tion of new technologies, changes in land use and trade patterns, development 
of insurance schemes, and investment in risk-reducing capacity (Zilberman, 
Zhao, and Heiman 2012). Climate change may require significant relocation. 
It will provide new opportunities for agricultural settlements in northern 
regions (for example, Canada, Russia) and may result in losses in opportuni-
ties closer to the equator. Thus climate change may result in climate migrants 
and refugees; and the ability to deal with this challenge is a major policy issue 
(Olmstead and Rhode 2011). Since social adaptation to migration is difficult 
and costly, research that allows for adaptation of agricultural and food sys-
tems to changes in climate will have significant value. Adaptation will bene-
fit from the use of modern biotechnology tools to accelerate development of 
new varieties and the capacity to develop agronomical practices to use them 
effectively. Examples are development of flood-, drought-, disease- and pest- 
resistant, heat-tolerant, and water-saving varieties. For example, plant breeding 
can improve plant biomass per unit of water through transpiration rates and 
efficiency of biomass growth per unit of transpiration. 

In the face of increasing climate risk, efficient insurance contracts will 
become critically important (Chapter 17). The development of improved 
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varieties with a variety of resistant traits will contribute to the stabilization 
of crop yield, which will reduce the risk of production. This will increase the 
demand for credit and helps justify calls for institutional finance (Chapter 16). 
If crop insurance markets fail, stabilization of crop yield will aid in consump-
tion smoothing. 

Nitrous oxide and methane are major greenhouse gases emitted from agri-
culture. Thus, also needed is agricultural research on the development of 
nitrogen-efficient varieties that would allow lower use of fertilizer and reduced 
nitrous oxide emissions from agriculture, and farming practices to reduce 
methane emission from paddy fields. Breeding cattle for lower methane emis-
sions will also contribute to the mitigation. Spatial changes in climate and 
water resource distribution will require significant investment in infrastruc-
ture, including dams, waterways, processing facilities, and so on. Since timing 
of responses to climate change is essential, it is important not only to develop 
better technical decision tools but also to improve political decision-making 
processes that do not impose unnecessary constraints. Finally, also important 
will be research that improves predictions of extreme climate events, designs 
mechanisms to cope with them, and develops guidance for policies, infrastruc-
ture design, and farming systems that are more resilient to possible changes.

Reardon and Zilberman (2018) also suggest that climate change may affect 
the rural sector through its impact on food value chains. Disruption of sup-
ply chains as a result of climate events may harm farmers dependent on them. 
Agribusiness firms may elect to invest in farming activities in regions more 
resilient to climate change. Thus awareness of these links and research and 
decision-making that takes them into account will improve adaptive capacity 
to climate change. Because of the uncertainty regarding climate change and 
its impacts, climate policies and research need to be designed within a larger 
context of agrifood growth and development. Combatting climate change 
does not mean reducing the effort to address food security. Policy design 
should emphasize “no regrets” policies that address climate challenges while 
addressing other crucial agricultural issues in an efficient and equitable man-
ner (Lipper et al. 2018). 

Use Microlevel Data 

The recent expansion of microlevel data has led to better understanding and 
measurement of the internal workings of biological, physical, and social sys-
tems. In the case of physics and chemistry, the understanding of the atom and 
the development of electricity allowed transition from mechanical systems to 
electronic systems and now systems that manipulate nanodata. The discovery 
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of DNA enabled plant biologists to move from selective breeding to bio-
technology. In social and managerial sciences, we see the increased use of big 
microlevel behavioral data matched with biophysical and climatic data. This 
refined knowledge allows for greater disaggregation, enabling deeper analysis 
of microbehavior that addresses heterogeneity. The challenge in all fields is to 
develop a method that takes advantage of these new data and opportunities. 
Both precision agriculture and genetic engineering are based on the availabil-
ity of new data. The availability of these new data will be key to more precise 
and effective supply chains. Einav and Levin (2014) suggest that the big data 
revolution will allow more refined understanding of the impact of policies 
and technologies, and help develop policies that adjust to heterogeneity and 
randomness. Mullainathan and Spiess (2017) suggest that machine learning 
would complement and enable more effective estimation and identify links 
that have not been used by traditional methods. 

However, the challenge is to be able to make sense of the new available 
data and to reconcile microsystems and macrosystems. In biology there is a 
challenge to understand the functions of microelements in a bigger system 
and to realize the relationships between ecosystems and different organisms 
within them. In economics and management there is a challenge to inte-
grate micro relationships and macrorelationships, and to use them in harmony. 
Furthermore, linked models at different degrees of aggregation are required 
to understand and develop policy related to climate change. We have seen this 
emerge through the integrated use of programming, econometrics, and gen-
eral equilibrium for the case of biofuels (see Khanna and Zilberman 2012). 
But this is a modest beginning and the new data, as well as fresh approaches in 
econometrics and artificial intelligence, provide novel opportunities for policy 
and management analysis. 

While data science is providing new opportunities, the challenges we face 
are immense. How do we incorporate narratives in empirical analysis for pol-
icy assessment? How do we take advantage of human ingenuity in interpreting 
emerging data sources? How do we increase efficiency to users and practi-
tioners in using looming data-intensive technologies? Finally, how do we pre-
vent abuse of expanding data sources?

Expand Resource Availability for and Effectiveness  
of Agricultural Research

The literature on the political economy of research (Rausser, Swinnen, and 
Zusman 2011) suggests that the funding and direction of public research rep-
resent political choices and aim to meet the objectives of governments, donors, 
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multilateral organizations, NGOs, and environmental groups as well as the 
private sector. The development of the research agenda in the Global North to 
some extent affects the research that is done in the Global South. For example, 
donor countries’ growing concerns about climate change and its implications 
in terms of migration and food security are likely to reemphasize adaption to 
climate change and prevention in the agricultural research agenda. 

Similarly, issues of gender and sustainability are likely to be promoted 
by donors. The European objections to GMOs (genetically modified organ-
isms) may reduce the weight in research done on GMOs in developing coun-
tries. Private actors may support activities that will enhance the reliability and 
quality of their supply and enhance the demand for their products. Research 
administrators have to delicately balance the different objectives of their 
major supporters and obtain funds without strings attached in order to pursue 
the most appropriate research agenda. (Defining this concept is its own topic 
of research.) One of the major challenges of research management is to obtain 
and allocate resources to basic research. The seminal paper by Rosenberg 
(1990) suggests that the value of this research and its spillovers may, from a 
social perspective, exceed the returns of targeted research efforts. 

Conclusion and Summary
Agricultural research is challenged to address multiple societal issues, includ-
ing sufficient and healthy foods, improved protection of the environment, 
and growing income for the agrifood sector. Its future, to a large extent, will 
depend on major policy decisions, both in the private and public sectors. A 
clear understanding of the major features of the agricultural sector, and agri-
cultural technology in particular, is critical in designing policies to allow agri-
cultural research to be a source of value and benefit for society.

Agricultural research is an essential element of the innovation supply chain, 
and its impact is hampered by not taking advantage of and establishing sys-
tems that may complement research within agricultural supply chains. In 
particular, establishing effective links between public and private research is 
important. The analysis suggests that public research and private research, in 
many cases, are not substitutes but rather complements. Basic knowledge pro-
duced by the public sector provides a foundation to much of the commercial-
ization efforts of the private sector. While the educational-industrial complex 
will play a growing and important role in developed countries, expanding 
this model elsewhere can enhance research productivity. In this model, pub-
lic research results are transferred to the private sector and then expanded and 
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commercialized, and researchers are actually involved in expansion and com-
mercialization processes. 

For this research model to be effective, it is important to develop strong 
support for basic research at universities, develop a legal framework for 
technology transfer, and develop a culture that encourages collaboration 
between academics and practitioners. To be socially effective, the educational- 
industrial complex requires efficient management and utilization of intel-
lectual property. This includes high thresholds for patenting as well as 
nonexclusive transfer of rights for process innovations and mechanisms to 
ensure access to patents needed for products to address the needs of the poor 
and developing countries. Support for research is provided not only in terms 
of direct support but also tax and other incentives to researchers and others to 
pursue work on public goods research. 

While development of private-sector research capacity in developing coun-
tries is desirable and important, the public sector will continue to play a major 
role in development of agricultural innovations for the poor in developing 
countries. Sufficient investment in these capabilities is important and proba-
bly will continue to rely on internal funds as well as foreign aid. Strengthening 
the NARS and extension system is important as well, and these public-sector 
activities should be encouraged to improve, but not constrain, the evolution of 
stronger private-sector research, especially technology delivery. Appropriate 
division of efforts between the public and private sectors is needed to effec-
tively introduce and disseminate new technologies. Furthermore, given the 
human capital and other constraints on the capacities of the private sector 
in developing countries, foreign direct investment in agricultural research, 
within limits, may contribute significantly to enhancing productivity.

CGIAR will continue to have a major role in providing the foundation 
for the development of agricultural technologies in developing countries. 
Development of research and education excellence in developing countries can 
contribute to the human capital and knowledge base needed to develop new 
technologies and apply them to specific conditions. That may suggest invest-
ment in establishing centers of excellence in research, development, and exten-
sion throughout developing countries. Some of them may be an outgrowth 
of the existing CGIAR centers. In addition, the example of the educational- 
industrial complex suggests that involvement of CGIAR centers and research-
ers in developing countries in further development and commercialization of 
technologies can accelerate the agricultural development process. 

Another important dimension of policy is regulation. While regula-
tions are essential to prevent mishaps, reduce risk, and control externalities, 
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excessive regulation can be a significant hindrance to new technologies, both 
directly by preventing their use and indirectly by discouraging investment in 
new research. As argued earlier, the developing world has not gained much 
of the potential benefits from the introduction of new agricultural biotech-
nology tools because of excessive regulation. Furthermore, scarce resources 
have been diverted away from agricultural research to regulatory compliance. 
Introduction of more sound regulations is also important in developed coun-
tries, especially Europe, because we are at risk of losing some of the potential 
gains from modern biotechnology in agriculture. Agricultural research must 
recognize the evolution of agricultural and agrifood systems, and a grow-
ing priority should be given to investigate improved productivity of agrifood 
systems beyond the farm-gate. While studying crop and livestock systems 
will continue to be important elements of research, increased focus on stor-
age, transportation, processing, and even utilization of food will be of much 
importance. Future research on these aspects should be on technological 
parameters but also emphasize the social and political implications of agrifood 
systems and how to design such systems to enhance social welfare and equity. 

Agrifood systems will continue transforming. The economic viability of 
subsistence farmers is limited, and agricultural research can help some small-
holders transition to a more viable scale of operation, add new value-added 
activities, and usher in agriculture to be a main contributor to and beneficiary 
of a growing bioeconomy. Agricultural research is likely to play a major role 
in guiding agriculture through adaptation to climate change, changes in land 
use, adoption of new technologies, and relocation, as well as provision of new 
sources of income from mitigation efforts. Finally, the ongoing information 
and biotechnology revolutions are likely to transform agriculture in signifi-
cant ways. The challenge as researchers is to help make these transformations 
beneficial to the poor, consumers, society as a whole, and the environment.
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RESHAPING AGRIFOOD SYSTEMS TO ACHIEVE 
MULTIPLE DEVELOPMENT GOALS

Shenggen Fan and Keijiro Otsuka

Today, agrifood systems are undergoing remarkable changes, reflected in 
the modernization of food value chains and rural transformation respond-
ing to urbanization, income growth, and expansion of international trade. At 
the same time, agrifood systems are expected to contribute to a wide range 
of development goals, reaching beyond agricultural productivity growth 
and food security. Thus this book has examined key issues using new lenses 
reflecting the rapidly changing world, such as nutrition, household decision- 
making behavior (related not only to gender but also to credit and insur-
ance), natural resource management (including land, forests, and water), 
climate change, reprioritization of agricultural research, and political econ-
omy. Major findings from regional chapters (Chapters 3–7) were summarized 
in Chapter 8, while this chapter aims to synthesize the thematic chapters 
(Chapters 9–21). We highlight priority areas for action to reshape agrifood 
systems for achieving multiple development goals, including reductions in 
poverty and malnutrition, without harming the environment.

Agricultural Development and Transformation  
of Agrifood Systems
Despite the different pathways regional agrifood systems have taken over the 
past decades, rapid urbanization is occurring in almost all developing coun-
tries. This is driving structural change as workers move from rural to urban 
areas and leave agriculture for other sectors with higher labor productiv-
ity and incomes. Urbanization and urban income growth generate increased 
demand for agricultural products, while also shifting the composition of prod-
ucts demanded. This affects agrifood systems, as urban households consume 
a lower share of cereals, fats, and oils but higher shares of meat, dairy, fish, 
fruits, and vegetables as well as processed foods. While the latter products are 
generally nutritious, their prices are relatively high in developing countries, 
reflecting inadequate investment in research and development (Chapter 10). 
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Furthermore, governments in developing countries have a role to play in diver-
sification of agricultural production and consumption, by investing, for exam-
ple, in community health/nutrition initiatives.

Urbanization has also led to an increase in the share of poor people living 
in urban areas, likely driven by an inflow of poorer migrants or an overcrowd-
ing of low-income urban areas (Chapter 9). At the same time, transformation 
of the rural economy occurred in some regions, marked by increased produc-
tivity in staple crop farming, introduction of more profitable high-value agri-
cultural products, better employment opportunities in rural nonfarm sectors, 
and migration to urban areas (Chapter 11). Since the farming environment is 
heterogeneous across major regions and even within a community, and since 
high-value products are usually new to farmers, the role of applied research 
and extension in disseminating environment-specific technological and man-
agerial information to farmers has become critically important. Innovation is 
key to the development of agro-processing industries, so investment in human 
capital of entrepreneurs and farmers is indispensable (Chapter 11). To the 
extent that innovation by private individual initiatives is imitated, collective 
action plays an important role in internalizing the benefits of innovation. 

As agrifood systems transform, food value chains transform as well. 
Traditional food value chains are fragmented and spatially short, with a low 
urban share and a high share of staple crops and grains. As economies con-
tinue to develop, food value chains become spatially longer, with a rising 
urban share, growth in the midstream of the value chain, and more diversified 
products. In the modern era, food value chains are spatially long, with a high 
urban share, expanded transportation, and development of peri-urban pro-
duction. Growing urban market demand, especially for nongrain products, is 
transmitted to rural areas through rural-urban supply chains. The rapid devel-
opment of nongrain and processed food markets in both urban and rural areas 
creates profitable new opportunities for actors along the value chain, includ-
ing farmers, wholesalers, and processors (Chapter 12). Additional modern 
trends emerge, including disintermediation and multinationalization of the 
food value chain. This is reflected in expanding international trade of agricul-
tural products, which is also supported by decreased distortion of agricultural 
markets (Chapter 13). 

This transforming context of agrifood systems and value chains has signif-
icant implications for and is simultaneously affected by household decision- 
making behavior, particularly in relation to gender dynamics. Women have 
less access to agricultural land and other assets in developing countries, as men 
traditionally own or control land more often than women do (Chapter 15). 
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In addition, women tend to spend more resources on health and nutrition as 
well as education of children. Thus women’s constrained access to productive 
resources may lead to underinvestment in these areas, even though the rate 
of return to such investment increases with the transformation of agrifood 
systems. 

Although access to credit and insurance is critical for households to 
smooth consumption over time under risky production environments, to pur-
chase modern inputs, and to invest in improving long-term productivity, many 
households still lack access to institutional finance. An important new finan-
cial institution, mobile banking, is particularly common in East Africa. While 
certain transactions, such as payments and remittance transfers, can be con-
ducted via mobile banking, extension of credit cannot. To improve access to 
credit and insurance, institutional innovations—for example, bank finance 
and microfinance, the use of satellite imagery for monitoring crop damage, 
and index insurance programs—will be key (Chapters 16 and 17). 

Understanding household behaviors will be crucial to facilitate gender 
equity. Moreover, to ensure inclusiveness of modern agrifood systems that 
leaves no one behind, investments in child schooling, nutrition, and health as 
well as in farm equipment and nonfarm businesses will be needed. Yet import-
ant aspects of household decision-making are not always properly accounted 
for in the macroeconomic literature; these include gender dynamics, liquidity 
or credit constraints (mismatches between the timing of income and expendi-
tures), and risk (for which insurance is an important policy instrument).

With the population continuing to grow, while additional available land 
for agriculture is declining, there is no doubt that maintaining or improving 
natural resources already in use for agriculture—for example, land, water, and 
trees—is critical for food security. There are numerous management prac-
tices that can safeguard or enrich the natural resource base, but their appli-
cation in developing countries needs to be greatly expanded. There are many 
mechanisms to improve incentives to adopt desirable management practices, 
but a key one will be the improvement of tenure securities over resources 
(Chapter 18). It is important to note, however, that there is no single ten-
ure policy that will prove to be the best option in all countries, all locations 
within a country, or even within a community because of environmental, cul-
tural, and institutional heterogeneities. 

Agriculture continues to contribute to climate change, and climate change 
impacts agrifood systems. Climate impacts involve many dimensions, includ-
ing changes in precipitation patterns, changing frequency and intensity of 
extreme weather events, changing patterns of pests and diseases affecting 
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crops, livestock, and humans, rising sea levels, and glacial melting. As a result, 
projection models indicate that, for example, by 2050 climate change will 
reduce yields of maize, rice, wheat, and soybeans by an average of 11 percent 
or so worldwide and increase real prices by 20 percent, relative to the hypo-
thetical reference case of no climate change (Chapter 19). Also worrisome is 
the growing scarcity of irrigation water for agriculture, which is affected by 
climatic volatility, urbanization and industrialization, and diet shift toward 
water-intensive foods (Chapter 20). Continuing the excessive use of water in 
agriculture will not be a sustainable option. Strengthening property rights on 
environmental resources, accelerating investment in irrigation, and improving 
water management are necessary to preserve and improve the stock of water 
resources. 

Using new scientific possibilities, agricultural research must address issues 
arising from global-level transformations, including (1) raising farm pro-
ductivity to feed the growing population under declining natural resources 
(Chapters 18, 19, and 20); (2) dealing with heterogeneity of natural and cul-
tural environments by strengthening national agricultural research and exten-
sion systems (Chapters 11 and 18); (3) developing value-added agriculture to 
raise farmers’ incomes and to supply healthy foods to consumers (Chapters 10, 
11, and 12); and (4) facilitating adaptation to and mitigation of climate change 
(Chapter 19). A clear understanding of the major features of agricultural tech-
nology is critical in designing policies to allow agricultural research to be a 
source of value and benefit for both farmers and consumers, while addressing 
global challenges like climate change and degradation and depletion of nat-
ural resources. In order to achieve these goals, it is particularly important to 
establish effective linkages between public and private research and among 
international agricultural research systems represented by CGIAR, national 
agricultural research systems, and decentralized extension systems. We expect 
that the ongoing information and biotechnology revolutions are likely to 
transform agriculture in significant ways, and our challenge is to make this 
transformation beneficial to the poor, consumers, society as a whole, and 
the environment.

Transforming the Agrifood System for Achieving 
the UN Sustainable Development Goals
To engage in a changing global context and transforming agrifood systems, 
an integrated food systems approach is needed. The approach will need to 
consider traditional issues that remain important, emerging challenges in 
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formulating policies, and a way forward for agrifood systems, many of which 
were discussed in the previous chapters. Improving agricultural productiv-
ity, employment, and livelihoods of smallholders, which are among the issues 
that have been the focus in agricultural development in past decades, will 
still be crucial to address challenges that face agrifood systems. At the same 
time, health and diets, the environment, and climate change have grown in 
prominence within the food systems approach, with a recognition that these 
issues are inseparably related to food production and global agrifood systems 
(Willett et al. 2019; IPCC 2018, 2019a, 2019b). If consumers’ dietary habits 
change, the food production system must change. Consequently, greenhouse 
gas (GHG) emissions will change, as will the ecosystem, leading to changes 
in climate. The challenge for modern agrifood systems is how to mitigate cli-
mate change and preserve or improve ecosystems, while delivering healthy 
foods to consumers. To cover these multiple facets and contribute to multiple 
development goals, the approach should seek to reshape agrifood systems to 
be nutrition- and health-driven, productive and efficient, environmentally sus-
tainable and climate-smart, inclusive, and business-friendly. 

A nutrition- and health-driven system that uses nutrition as goals and pro-
motes healthy diets is important, considering the persistence of and increases 
in multiple forms of malnutrition and diet-related diseases related to food 
systems. The food system needs to be productive and efficient by producing 
more food with fewer resources and reducing food waste and loss to efficiently 
meet current and future needs. The system must be environmentally sustain-
able and climate-resilient to minimize negative environmental impact, includ-
ing but not limited to land degradation, deforestation, and overuse of species. 
The global food system needs to be inclusive, especially of smallholder farm-
ers, women, and youth, who often lack access to assets and markets and face 
risk of exclusion from modern food value chains. Last, the food system should 
be business-friendly, with an enabling environment for well-functioning mar-
kets, partnerships, and a vibrant private sector. To reshape agrifood systems in 
light of the growing urgency and consensus in the global community toward 
the food systems approach, we propose the following priority areas for action 
based on the results of diverse analyses in the preceding chapters.

Empower Consumers with Knowledge 

To improve nutrition, knowledge and understanding of the links between 
nutrition and health must reach consumers (Chapter 10). Understanding var-
ious barriers to consumer knowledge and addressing them with proper educa-
tion and knowledge dissemination is essential to ensure enhanced nutritional 
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outcomes (Willett et al. 2019). It is equally important that consumers are 
equipped with nutrition knowledge to better leverage social protection pro-
grams, such as cash transfers (de la Paz 2016). 

While many strategies for consumer education are available, some success-
ful experiences can be helpful in providing best practices and lessons learned. 
One such experience was in Bangladesh, where nutrition training sessions and 
cooking contests were held to test their impact on nutrition knowledge and 
subsequent dietary changes toward healthier consumption (Kramer 2017). 
And according to a randomized controlled trial study in Malawi, provision of 
information on child nutrition to mothers improved not only child nutrition 
but also health and food expenditures (Fitzsimons et al. 2016). These inter-
ventions were low-cost and successful in improving knowledge and education 
on nutrition. However, the study found that complementary interventions are 
needed to further change consumer behavior toward healthier diets.

In addition, many other potential avenues of education—such as nontech-
nical publications, public informal debates, blogs, webinars, media, targeted 
community training programs, nutritional curriculum development, research 
grants, and fellowship promotion—are available (Fan, Yosef, and Pandya-
Lorch 2018). Targeting education to women and children will be particularly 
important in these campaigns. These two population subsets are those most 
affected by malnutrition and should therefore be well educated on the impor-
tance of good nutrition and how to attain it (Chapters 10 and 15). Women 
often hold considerable influence in the nutrition and health outcomes of a 
household and should be inclusively engaged with education. Food system reg-
ulations, both mandatory and voluntary, are an important complement to new 
technologies and consumer awareness for nutrition and health. The nutri-
tional content and safety of foods is often unknown by the consumer, espe-
cially after processing or if food is purchased and consumed away from home. 
Labeling and quality standards based on nutrient testing and other food safety 
measures are therefore needed to improve consumers’ awareness so that they 
can make good nutritional choices that will benefit their health. Information 
and communications technologies have also improved surveillance of food 
products through adulteration testing and traceability. 

Transform Farmers into Entrepreneurs

The policies pursued under the proposed agrifood systems approach need to 
be inclusive of social, economic, and environmental issues and of all sections 
of the population, especially the vulnerable and marginalized. Particularly 
important will be investments in human capital of subsistence-oriented 
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smallholder farmers (Chapter 11). Investment in their human capital 
improves household income as well as development of rural nonfarm sec-
tors. Schooling and health, in particular, affect farming efficiency, nonfarm 
employment, and migration. 

In addition, human capital investment, including the entrepreneurial 
training of farmers, is key to stimulating new innovations, such as the intro-
duction of nutritious high-value products by farmers themselves (Chapter 11). 
Particularly important is the ability to “deal with disequilibria” (Schultz 
1975)—that is, the ability to learn new technologies, products, and produc-
tion methods, and to analyze the changing structure of market demands. 
Farmers cannot be made significantly better-off if they passively follow the 
instruction given by marketing agents. Unless farmers are transformed from 
subsistence-oriented to entrepreneurial, so that they can bargain with mar-
keting agents (for example, agro-processors, traders, and supermarkets), an 
inclusive modern agrifood system can never be constructed. To support more 
efficient value chains linking rural and urban areas, institutional innovation 
such as the formation of producer cooperatives is often required (Chapter 11; 
Hashino and Otsuka 2016). A good example is the coffee unions of Ethiopia 
that provide marketing and input-supply services and connect producers to 
export markets (da Silva and Fan 2017). Producer cooperatives also play a key 
role in the introduction of new high-value products to rural areas, as these 
reduce the transaction costs between buyers and a large number of smallholder 
farmers (Chapter 11). 

Incentivize the Private Sector

Private sector leadership is critical as urbanization and market growth around 
the world provide profitable business opportunities. Business interests have 
the power to improve nutritional outcomes by boosting demand for nutritious 
products through appropriate marketing and pricing. While there is great 
potential in business-friendly agrifood systems, it is by now widely recognized 
in the literature that the managerial inability of enterprise managers is a major 
constraint on the growth of enterprises and, consequently, local industries in 
developing countries (Bloom et al. 2012; Sonobe and Otsuka 2011, 2014). 

Since new valuable information spills over, the social benefit of intro-
ducing fresh ideas is larger than the private benefit. Herein lies opportunity 
for government and aid agencies to invest, through training, in the manage-
rial human capital of enterprise managers, who can appropriately respond to 
changing demand and create improved marketing systems. Using random-
ized controlled trials, several studies demonstrated that management training 
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improves enterprise performance significantly (Bloom et al. 2013; Mano et 
al. 2012; Higuchi, Mhede, and Sonobe 2019). Establishment of industrial 
clusters or industrial parks, for example, can also help create hubs for vibrant 
development of agro-processing industries (Chapter 11). Improvements in 
infrastructure, transportation, and communications systems along the supply 
chain will be important for reducing food loss and waste and creating a food 
system that is responsive to changing consumer demands across rural and 
urban areas (Fan 2016). 

The public sector can also support private stakeholders by setting quality 
standards, maintaining market institutions, and introducing tax incentives 
or other structures to effectively encourage the supply of healthy foods as well 
as fostering innovation and providing technical support. If markets for foods 
high in micronutrients and free of undetectable contaminants are to function 
and thrive, sellers must have the ability to signal quality. Low- and variable- 
quality products will remain in the market until new technologies and institu-
tions permit quality standards to be set and enforced (Masters, Nene, and Bell 
2017). Therefore, governments and trade associations need to be equipped 
and capable of regulating business practices and production methods that 
affect nutrition and health (Fan, Yosef, and Pandya-Lorch 2018). We should 
eventually aim to construct a food system that has strong links with private 
sector parties along the supply chain and facilitates partnerships between pri-
vate sector actors and public institutions, international organizations, and 
civil society organizations. Adequate regulatory mechanisms to mitigate mar-
ket shocks along with information and communications infrastructure can 
contribute to a well-functioning food system to engage the private sector (Fan 
2016; IFPRI 2016).

Reprioritize Research and Development

Relatively few resources have been invested in agricultural research and devel-
opment (Chapter 21). Probably the best indicator of underinvestment in 
research on nutrition-rich, high-value products in developing countries is 
how exceedingly high-priced these products are (Chapter 10). This is notable 
given the remarkable increases in demand for nutritious foods and increasing 
interest in the agriculture-nutrition nexus. It is true that nutrition-driven and 
nutrition-sensitive technologies, such as biofortification, have been developed. 
They can potentially play an important role by increasing the nutrition den-
sity in crops (HarvestPlus 2017). To strengthen linkages between agriculture, 
nutrition, and health, it is essential to invest in agricultural research and devel-
opment, particularly for nutritious foods.
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There also are potential technology options and cultivation practices that 
can substantially mitigate and adapt to climate change (Chapters 19 and 20; 
IPCC 2018, 2019a; Willett et al. 2019). For mitigation, resource-saving tech-
nology is needed, whereas for adaptation, technologies resistant to harsh cli-
mates are needed (Chapter 21). Also needed is the development of technology 
to use renewable resources, including biomass. In particular, the following are 
important technological innovations:

1. Technology or crop varieties (including fruits, vegetables, and beans) 
resistant to drought, heat, submergence, and salinity.

2. Input-saving technologies and management practices, including water, 
nitrogen fertilizer, and feed.

3. Technology to monitor activities leading to GHG emissions and to 
assess their impacts.

4. Cost-effective bioenergy, whose production does not compete with 
food production.

These technologies are global public goods, and global institutions such as 
the CGIAR must undertake research with the aim of mitigating and adapt-
ing to climate change.1 Yet because of the environmental heterogeneity, adap-
tive research by national agricultural research systems and decentralized 
local extension systems are also an integral part of the innovation system. If 
technology development is the ultimate solution for climate change and the 
achievement of sustainable development, we must recognize that proper pric-
ing of resources is the key to inducing the desired resource-saving technologi-
cal changes. For example, restricting the use of fossil fuels, which will lead to 
increased energy prices, will stimulate the development of energy-saving tech-
nology in general and bioenergy in particular. Bioenergy deployment offers 
significant potential for climate change mitigation, which requires extensive 
use of agricultural residues and second-generation biofuels extracted from 
planted fast-growing tree species (IPCC 2018, 2019a). To avoid the risk of 
reducing food production, such “renewable biomass” whose production does 
not conflict with food production should be used. Although often unno-
ticed, technology to monitor GHG emissions and assess their impacts is a par-
ticularly important global public good (Chapter 19). Development of such 

1 This does not imply that CGIAR has not undertaken relevant research (see, for example, 
Rosenstock et al. [2016] for the analysis of methods for measuring GHG emission).
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technology will help implement appropriate policies to reduce GHG emis-
sions, such as carbon tax, which is in line with the Coase Theorem (Coase 
1960) that indicates that lower transaction costs tend to lead to socially 
improved resource allocations. 

We will be able to transform agriculture to help achieve the UN 
Sustainable Development Goals only if the global community is willing to 
invest sufficiently to successfully develop a new set of global public goods. 
Investment in research and development is particularly necessary to fill exten-
sive gaps in the evidence base regarding the effectiveness of actions for shifting 
diets in more healthy and sustainable directions. Research and development 
will also need to shift more toward improvements in health and environmen-
tal sustainability, and to focus on achieving multiple wins. Rigorous estima-
tion methods that are being largely used in applied microeconomics should 
be leveraged and further strengthened. Particular attention should be paid to 
knowledge gaps for low- and middle-income countries, where there is a dearth 
of evidence on the linkages among agriculture, nutrition, health, and ecosys-
tems (Willett et al. 2019).

Internalize Environment and Climate Effects

Achieving high productivity in agriculture and maintaining its growth in 
a way that does not degrade natural resources such as water, soil, and nat-
ural vegetation are major challenges to achieving sustainable agriculture 
(Chapters 18 and 20). We must note that management of water, soils, appli-
cation of manure, conversion of forestland and woodland to farmland, and 
raising ruminants all affect the emission and sink of GHGs, which give rise 
to global externalities or climate change. Thus we must consider policies to 
reduce global negative externalities and to promote positive ones by improving 
the management of natural resources and the global climate. For example, irri-
gation water is often a local or regional common-pool resource and its use is 
free, which is bound to result in socially excessive use. A fundamental cause of 
excessive use of water is the absence of appropriate pricing that reflects its scar-
city value. Thus, to reduce water use, a low-cost method of measuring its use is 
needed to apply volumetric water pricing to individual farmers or their group 
(for instance, a water users’ association, which in turn charges water fees to 
individual farmers). 

In addition, incentives to preserve and improve the stock of natural 
resources hinge on security of land rights, because they affect the probability 
that future benefits accrue to those who invest in the future. There is a host 
of empirical evidence that devolving forest property rights from the state to 
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communities contributes to the sustainable management of forest resources 
(Chapter 18). The establishment of clear land rights, be they individual or 
communal, is also essential for sustainable management of farmland and 
other natural resources. Policy reforms, especially granting individual land 
rights to women, will be crucial for inclusive growth of agriculture (Fan 2016; 
Chapters 15 and 18). 

Furthermore, agriculture must contribute to massive reductions in GHG 
emissions or even to sequestration of greenhouse gases. Major potential activ-
ities to reduce GHG emissions include reduction in deforestation, increase 
in forest cover and agroforestry, improvement of agricultural and livestock 
management, and introduction of sustainable bioenergy (Chapters 18–21; 
IPCC 2019a). The payment for ecosystem services (Farley 2012; Bennett and 
Gosnell 2015)—that is, the “price” paid for suppliers of ecosystem services as 
compensation for their continued provision of such services—is an application 
of the Coase Theorem to the environmental issue. Since forests and other eco-
systems provide global externality in terms of sink of CO2 and preservation of 
biodiversity, it is reasonable for the global community to pay landowners for 
the amount of global benefits. 

Cost-effective methods to reduce emissions of nitrous oxide could include 
imposing taxes on nitrogen fertilizer and biomass burning and development of 
nitrogen-efficient crop varieties. Taxes could also be placed selectively on pur-
chased feed, as the use of improved feed and dietary additives and improved 
breeds with higher productivity and lower methane emissions can contribute 
to reducing GHG emissions. The promotion of precision agriculture, partic-
ularly microdosing, can be an important complement to increase crop yields 
with less fertilizer (ICRISAT 2015). Global institutions, such as the Global 
Environmental Facility, will also need to be part of building a global consen-
sus on simple practical rules on the amount of taxation and payments for eco-
system services, which are needed to achieve sustainable world agriculture.

Make Key Stakeholders Accountable

It must be clearly recognized that agrifood systems encompass the entire range 
of actors and their interlinked value-adding activities throughout the world—
from food production, processing, and consumption to the broader economic, 
social, and natural environments in which these diverse food systems are 
embedded. Although preceding chapters did not explicitly discuss the issues 
of intragovernmental and intergovernmental collective actions and gover-
nance, it is obvious that in order to transform and reshape agrifood systems 
for global benefits, stakeholders will be required to undertake unprecedented 
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collective action based on a solid understanding of the political economy in 
the agrifood system at the local, national, and global levels. This will require 
effective governance mechanisms at all levels under an integrated approach 
that cuts across political, sectoral, and geographical boundaries. To facilitate 
such an approach, we must establish formal and informal collaborative inter-
actions and structures among governing groups, including various UN bod-
ies and specialized agencies, to focus on cross-sectoral issues like healthy and 
sustainable diets. Relevant sectors and ministries at the national level, such as 
ministries of health, agriculture, and environment, will need to coordinate 
their efforts.

Given the deteriorating global environment and increasing emission of 
greenhouse gases by developing countries, now amounting to more than half 
of total global emissions (IPCC 2018), both developed and developing coun-
tries must contribute to the mitigation of climate change. However, con-
sidering that large developed economies are largely responsible for climate 
change, they should be held accountable and ought to consider how they can 
compensate developing countries for loss and damage due to climate change. 
Enhanced monitoring ability and government accountability are important to 
track our progress, and we must leverage the data revolution and big data ana-
lytics for quality, evidence-based evaluation. Backed by high-quality, timely 
data, stakeholders will need to track progress toward multiple development 
goals and use data to guide policy action. For example, tools like the Women’s 
Empowerment in Agriculture Index, which measures women’s empowerment, 
agency, and inclusion in agriculture, will play a critical role in identifying cur-
rent gaps and constraints. 

To sum up, in order to achieve multiple goals of sustainable, healthy, and 
inclusive agricultural development all over the world, national, regional, and 
global collaborative efforts are clearly called for to reshape global agrifood sys-
tems in line with the recommendations proposed in this chapter.
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and Central Asia

Cereal production, 637–38, 645, 663; pro-
ductivity growth, 325

Cereals, 125, 128f, 129t, 145–46, 170, 
410; changes in real value of net export 
of, 24f; import dependency for, 260f; 
imports/exports, 125, 126t, 646; prices, 
342–44, 343f, 663, 664f; staple, 325

CGIAR, 644, 684, 695; centers, 631, 695
China, 102, 377–80, 382–83; agricul-

tural imports, 456; agricultural mech-
anization, 376; agricultural subsidies, 
481–82; arable land, 81; convergence 
in agricultural policies, 480–81; econ-
omy, 101, 481; expenses for mechani-
cal operations, 103f; farm size, 81–82, 
82f, 99, 101, 102; food consumption, 
95; imports, 198; industrialization 
process, 378–79; irrigation, 598; land–
labor ratio and machine use, 84–85; 
machine use, 99, 102; obesity, 96–97; 
PICC agricultural insurance scheme, 
576; political economy of agricultural 
and food policies, 481; rural real wage, 
92, 94f; TFP, 86; trust in, 581

Cities: defined, 305. See also Urban areas
Climate change, 62–63, 629, 655–56; 

adapting to, 691–92; as character-
ized by different Representative 
Concentration Pathways (RCPs), 632, 
633f; and commodity prices, 646–47; 
global and regional patterns of, 632–
33, 636f–39f; and grain production, 
258; impact on yield, production, and 
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Climate change (continued) 
area, 645–46; impacts on agriculture, 
634–38, 639f; and income growth, 
643–44; and RUK grain production, 
257; socioeconomic drivers of, 632, 
633f; and sustainable development in 
agrifood systems, 26; and trade, 464, 
646, 647; water availability and, 661–
64, 664f, 670–72, 674

Climate change adaptation, investments 
for, 638, 640; agricultural research, 
640–41; irrigation and water resource 
management, 641

Climate change mitigation, 648–49, 652–
55; defined, 652; scope of the term, 
648–49

Climate change mitigation potential and 
options, 650, 652–55, 654f; frame-
work conditions for realizing the 
potential, 650

Climate change scenarios, alternative, 630, 
631, 631f, 641, 669; methods and sce-
narios, 630–32, 633f, 634f. See also No 
climate change (NoCC) scenario

Clothing industry. See Garment industry 
in Bangladesh

Co-management arrangements, 615, 616
Cochrane’s treadmill, 402
Cold storages: in Agra, India, 416; factors 

causing diffusion of, 416; potato, 141, 
416

Commoditization phase of product cycle, 
404, 419; food supply chains in, 418–
19; meso analysis of supply chains in, 
419–22

Common Agricultural Policy (CAP), 
250–51, 481

Common pool resources (CPRs), 62, 610–
11; defined, 62; design principles that 
characterize long-enduring, 611

Commonwealth of Independent States 
(CIS), 241, 247, 249, 251f, 264

Communication: improvement in, 136t. 
See also Information and communica-
tions technologies

Comparative advantage, 444–46; revealed, 
458, 459t

Comprehensive Africa Agriculture 
Development Programme (CAADP), 
181–83, 182–83f

Comprehensive investment portfolio 
(comprehensive scenario), 643–46, 648

Consumption patterns in urban and rural 
areas, 298, 299t

Consumption smoothing, 12, 26, 533–35, 
551. See also Nutrition smoothing

Contract farming, 383, 428, 581, 583; 
emergence in East Asia, 104–6, 279; 
farm size and, 45, 360, 372; and 
income, 45, 104–5; literature on, 45, 
105, 427, 428; market failures and, 362, 
371; overview and nature of, 180; pur-
poses and benefits of, 20, 45, 104–5, 
180, 281, 360, 362, 371–74, 371nn12–
13, 383, 427; research on, 180, 372–
74; transaction cost associated with, 
371–72; value chains and, 104–6, 279, 
281; willingness to pay (WTP) for, 
428

Corn. See Maize
Credit, agricultural, 531–34; and agricul-

tural GDP share, 536, 537f; challenges 
and recommendations to support inno-
vations in, 554–56; E. Díaz-Bonilla on, 
8; evidence of the causal effect of, 
549–54; examples of credit and micro-
credit programs, 541–47; food value 
chain (FVC) and, 401; insurance and, 
577, 685; lack of, 532–35, 703 (see also 
Credit access; Credit constraints); and 
the poor, 56; private vs. public sources 
of, 534–36, 538; resource providing 
contracts and, 423; as share of agricul-
tural GDP, 536, 537f; short- and long-
term, 534, 535; and smallholders’ 
income and productivity, 547, 549–54; 
sources, 538; subsidized, 55, 56, 137–
38, 195–96, 554–55; supply chains 
and, 685; women, gender, and, 508, 
517. See also Microcredit

Credit access, 529, 534, 541, 549, 552, 
583; default and, 589; efforts to 
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improve, 703; Green Revolution and, 
10; impact and importance, 26, 534, 
550; land and, 9, 10; land titling and 
registration and, 612, 613; liquidity 
and, 550, 551; measuring, 550; risk 
and, 10, 12; technologies and, 10, 370; 
tenure security and, 608, 612–14; vari-
ation by region, 535. See also Credit 
constraints

Credit access programs, World Bank– 
supported, 541–42

Credit constraints, 532, 551, 554, 703; 
and agricultural productivity, 550, 
551; effects on farmers, 533; finan-
cial inclusion and, 550; and insurance, 
583; and investment in agriculture, 
552; MFIs and, 542, 551; supply-side, 
542; and technology adoption, 534. 
See also Credit access; Liquidity 
constraints

Credit default. See Default
Credit market reforms, 9
Credit programs, need for innovative, 690
Credit unions, 535, 538
Crop insurance. See Insurance

Dairy, 346, 351. See also Milk
Dairy consumption, 345, 345t
De Gorter, H., 476, 478, 490
Decision Support System for 

Agrotechnology Transfer (DSSAT) 
system of crop models, 634–35

Default (finance), 541, 564, 583, 588, 589
Deforestation, 10, 59, 205, 205t; conver-

sion to agriculture as cause of, 204, 
227, 599; and GHG emissions, 598, 
650, 711; in Latin America and the 
Caribbean (LAC), 205, 205t; preven-
tion of, 687, 705; reduction of, 134–35

Demographic and Health Surveys (DHS), 
328, 329f, 330, 331t, 336, 337f, 338, 
344, 345f, 511, 512

Developing countries, 37; financial inclu-
sion and the state of agricultural 
finance in, 539, 541

Developing-country income, growth rate 
of, 453, 454f

Developing country populations within 
urban agglomerations, 296, 297t

Developing regions, evidence concern-
ing rapid transformation of FVCs in, 
407–8

Development paradox, 25, 475, 481
Diet change, 409–10; drivers of, in devel-

oping regions, 410–11
Dietary diversity and quality, 462–63
Dietary transition, 40–43. See also 

Nutrition transition
Diets, 64; levers by which agricultural 

change and food policy influence, 
349–50; survey on individual and 
household, 330–31

Differentiated products, 402, 404, 405. See 
also Product differentiation phase of 
the product cycle

Diffusion of innovations, 367, 640. See 
also Knowledge diffusion; Technology 
diffusion

Diseases: associated with overweight and 
obesity, 41, 42, 173; noncommunica-
ble, 41–42

Disintermediation, 399, 404
Distortions–volatility trade-off, 483
Diversification patterns in South Asia, 

agricultural, 125–27, 128f, 129t, 130t
Downstream segments (FVC transforma-

tion), 406–8, 407t, 411–13. See also 
Retail

Duflo, E., 15, 51

East Asia and the Pacific (EAP), 533f; 
financial access in, 535, 536f; financial 
inclusion among farmers in, 539; role 
of banks in agricultural development 
in, 536, 538, 538f; urban and rural 
population growth in, 289, 289f. See 
also specific topics

Eastern Europe and Central Asia (ECA), 
233, 236–37, 267–70; agricultural 
production, 241, 243, 243t; defined, 

index 723



Eastern Europe and Central Asia (ECA) 
(continued) 236; food and nutrition 
security in, 262, 264–67; GDP per 
capita versus share of large farms in 
land use in, 247, 248f; growth patterns 
and farm structures, 246–47, 249–51; 
import dependency for cereals, 259, 
260t; land and labor productivity, 245, 
245f; potential for and constraints to 
feeding the region (and the world), 
255–59, 261–62; share of agriculture 
and total government expenditures, 
267, 267f; share of agriculture in GDP 
and employment in 2016, 236, 237f; 
share of smallholders in land use and 
agricultural production, 247, 250t; 
share of smallholders in production in, 
249, 251f. See also Russian Federation, 
Ukraine, and Kazakhstan; Transition 
from socialist-planned to market 
economy

Eastern European and Central Asian 
(ECA) countries: characteristics of, by 
regional groups, 234–35t; food secu-
rity indicators for selected, 262, 263t; 
GDP per capita vs. prevalence of obe-
sity among males, 262, 263t, 264. See 
also specific topics

Economic interaction effects (EIEs), 
490–91

Economic rent. See Rents
Economics, new institutional. See New 

institutional economics
Economy, transition. See Agricultural 

transformation; Transition 
from socialist-planned to market 
economy

Ecuador, 508–10, 510t, 512. See also Latin 
America and the Caribbean

Education, 144, 145; gender gaps in, 
508–9

Educational–industrial complex, 683, 684, 
684t, 694, 695

“Efficient but poor” hypothesis, 6, 8
Emissions. See Greenhouse gas (GHG) 

emissions

Employment, 88; in agriculture in LAC, 
205, 206t; GDP and employment 
share of agriculture in East Asia, 
88–89, 90f; sectoral distribution of 
urban and rural, 292, 293f; spatial dis-
tribution of agricultural and nonagri-
cultural, 291–92, 292f. See also Rural 
employment

Employment share of agriculture: in East 
Asia, changes in, 91, 91f; in South 
Asian countries, 122, 123t; urban pop-
ulation and, 290–91, 291f. See also 
Employment

Empowering consumers with knowledge, 
705–6

Endogeneity (econometrics), 549–50
Endowments, 346–47
Engel’s law, 453
Enhanced agricultural productivity sce-

narios. See Productivity enhancement 
scenarios

Entitlement approach, 40
Environment and climate effects, internal-

izing, 710–11
Environmental sustainability, dimensions 

of, 595
Estudillo, J. P., 361, 362f
European Union (EU), 481, 486–

88; accession to, 251; Common 
Agricultural Policy (CAP), 250–51, 
481; Eastern European countries and, 
236, 250–51

Exports. See Agricultural trade

Factor endowments, 80–82, 455. See also 
Partial productivity growth, factor 
endowments and

Factor markets, agricultural: greater partic-
ipation and vibrancy in, 175–77

Fan, S., 39, 86
Farm-nonfarm linkages, 287; a conceptual 

framework of, 361–63
Farm-nonfarm sectoral linkages, 361, 

362f
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Farm size, 79; in Africa, 155, 173, 174t; 
changes in farm size in East Asia, 
81–82, 82f; in China, 81–82, 82f, 99, 
101, 102; contract farming and, 45, 
360, 372; declining, in South Asia 
(SA), 138, 139t; and land tenure issues, 
220–23; poverty and, 689–90; and 
production efficiency in South Asia 
(SA), 138–40; and productivity, 9

Farm structure, changes in, 177, 178t
Farmer-to-farmer extension, 11
Farmers: definitions, 535n6, 539n9, 546t; 

transforming them into entrepreneurs, 
706–7

Farming risk (and loss): approaches to 
managing, 566; characteristics, 564; 
types of, 563, 564, 565t

Fat, availability and supply of, 170, 171f
Fei, J. C. H., 6
Fertilizer, 51, 52, 59, 184; runoff, 59, 654
Fertilizer subsidies, 50, 51, 59, 138, 257
Fertilizer use, 51, 122, 123f, 243, 244f, 

256–57, 654; in Bangladesh, 118f, 
123f, 138; decline in, 241; and land 
productivity, 85–86, 85f, 116–18, 
118f, 166, 167f, 207–9, 209f, 243, 
244f, 257, 277

Financial access, 486, 531, 556; and agri-
cultural development, 529, 530; agri-
cultural productivity and, 547; defined, 
529; importance, 529, 530; limitations 
in, 530, 554; measures of, 539; small-
holders’, 554, 556. See also Credit access

Financial inclusion, 529, 530–31; in 
Bangladesh, 539, 540t, 541; defined, 
529, 539; evidence of its potential role 
in agriculture, 547, 548f, 549, 549f; 
mobile financial services (MFS) and, 
545–46; policymakers advocating for, 
529–30; positive effects, 550; reasons 
for low rates of financial inclusion in 
agriculture, 541; and the state of agri-
cultural finance in developing coun-
tries, 539, 541; in Uganda, 545

Financial institutions, 529, 529n2, 554–
56; defined, 529n1; limited role in 

agriculture, 537; reluctance to lend 
in agriculture, 534, 541; transaction 
accounts with, 529–30

Financial services, access to, 529–31; 
defined, 529. See also Financial access

Food consumption: household/commu-
nity characteristics and patterns of chil-
dren’s, 344–46, 345f; income growth 
and, 453, 454, 455f

Food crisis, 2007–2008 global, 130, 338, 
472, 483–84

Food definitions, 488, 489
Food demand. See Agricultural growth, 

urbanization, and food demand
Food groups, 330, 331t
Food independence, 264. See also 

Food self-sufficiency
Food price crisis of 2007–2008. See Food 

crisis
Food price shocks: and nutrition, 338–39. 

See also Price shocks and political econ-
omy of aid and food policy

Food prices: agriculture–nutrition linkage 
and, 326–27; domestic food price vola-
tility, 463–64; and global development 
policy, 483–84; international variation 
in, and dietary affordability, 339–44; 
and markets, 332–33; and nutrition, 
338–46

Food processing sector, 252; growth, 410; 
transformation, 413. See also Processed 
food

Food production units (FPUs), 630
Food security: climate change and, 647–

48; concept of, 264; defined, 265; and 
nutrition security in Eastern Europe 
and Central Asia (ECA), 262, 264–67

Food self-sufficiency, 264–65, 270, 439, 
440

Food standards, the political economy 
of, 484–85; development and pro- 
and anti-standard coalitions, 486; 
GMOs, GIs, and food definitions, 
488–89; the persistence of standards, 
486–88
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Food system: defined, 323–24, 397; nature 
of, 397

Food value chain (FVC) literature: first-
wave/food supply chain strand lit-
erature, 419–23; second-wave/
FVC governance literature, 422–
26; third-wave literature, 426–29

Food-value-chain (FVC) transforma-
tion, 22, 44–45, 281; changes in 
markets and, 22, 25; dynamics of mar-
kets and, 43–46; evidence concern-
ing rapid transformation of FVCs 
in developing regions, 407–8; evo-
lution of agricultural development 
and, 22; examples of local confluences 
of, 416–18; globalization and, 22; 
meta conditioners and downstream 
pull forces, 408–11; stages of, 398, 
405–6, 406t, 407t (see also Modern 
stage; Traditional stage; Transitional 
stage); trends in transformation of the 
downstream and midstream of FVCs, 
411–15

Food value chains (FVCs), 398–401, 685, 
702; climate change and, 692; emerg-
ing, 5; evolution, 7, 280; institutions 
of governance present in, 423; market 
innovations and the diversification and 
modernization of, 104–5; performance, 
401; spatial length and geographic ori-
entation, 399, 406t, 411; supermarkets 
and, 404, 406, 411–14, 419, 423–25, 
428; technological innovations and, 
36, 685; transitional (see Transitional 
stage)

Foods: defining specific, 489; shadow 
prices and missing markets for nutri-
tious, 344–46

Foreign direct investment (FDI), 22, 136, 
251, 412, 422; impact, 224, 251, 281, 
414; increasing and expanding, 136, 
224, 251, 280; liberalization of, 136, 
404, 408, 412, 414

Forest management, 602, 610
Forest tenure reform, 615
Forest user groups, community, 610

Forestland, 598, 602, 710–11; commu-
nal rights and, 134, 614–16. See also 
Deforestation; Land use changes and 
forestry

Free trade. See Trade liberalization/trade 
reform

Freshwater use by sectors in East Asia, 88, 
89t

Garment industry in Bangladesh, 142–43
Gender, 503; role in house-

hold decision-making, 25–26. See also 
Women

Gender gaps, 515; in agricultural produc-
tivity, 515, 516t; in ownership and 
control of land and assets, 508, 509t

Gender inequality, 25, 702–3; in Uganda, 
507, 511, 515. See also Household 
behavior; Women

Gene editing, 64–65, 687
General Agreement on Tariffs and Trade 

(GATT), 447, 480, 481
Genetically modified (GM) crops and 

genetically modified organisms 
(GMOs), 64, 65, 462, 474, 487n12, 
488, 687–88

Geographical indications (GIs), 488
Gereffi, G., 420, 426
Ghana (GHA), 179, 613; changes in farm 

structure in, 177, 178t
Global computable general equilibrium 

model (GLOBE), 630–31, 640
Global Hunger Index (GHI), 170
Globalization, 422, 446; impact of, 41, 422, 

488–89
Goodwin, B., 568, 569
Governance, types of, 423
Graff, G., 488, 684t, 685
Grameen Bank of Bangladesh, 542–43
Great Depression, 446
Green Revolution, 10, 37, 65, 363–65, 

383; in Africa, prerequisites for a, 39; 
in Asia, 359, 363–65, 367, 368, 461; 
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failure in Africa (SSA), 359, 367–71; 
fertilizers and, 86; and grain prices, 
359, 365, 371; high-value products 
and, 361, 362f; high-yielding vari-
eties (HYVs) and, 37, 86, 119, 363, 
461; initial phase, 368, 376; irrigation 
and, 143–44; labor and, 367; over-
view, 363–65; reasons it has had lim-
ited impact in Africa, 37–38; rice and, 
363–64; as seed-fertilizer revolution, 
369n9; technology and, 196; total fac-
tor productivity (TFP) and, 86, 119–
20; and yield growth, 363

Green Revolution technologies, 143–44, 
278, 369, 370

Greenhouse gas (GHG) emissions, 649, 
692; causes/sources, 59, 227, 650–52, 
651f, 653f, 710; and climate change, 
650, 705, 710, 712; by economic sector, 
651f; and impacts related to food pro-
duction, 652–55; land use changes and 
forestry (LUCF) and, 205, 650–51; 
in Latin America and the Caribbean 
(LAC), 205, 227; monitoring, 27, 
709–10; trends in, 650–52

Greenhouse gas (GHG) emissions reduc-
tion, 650, 652, 656, 705, 710–11; 
incentivizing, 654; potential for, 653, 
654f

Gross domestic product (GDP): agricul-
ture as a share of, 156, 157f; changes in 
GDP share in East Asia, 90–91, 92f; 
GDP share and employment share of 
agriculture in East Asia, 88–89, 90f. 
See also specific topics

Groundwater: depletion, 666, 667, 675; 
extraction, 667, 668f, 673; use, 121, 
666

Groundwater-sourced irrigation, 667
Groundwater users/extractors, 667, 673
Growth linkage hypothesis and growth 

linkage effects, 361, 365–66
Growth rates, 16, 17t, 19t; of per capita 

income at constant prices, 453, 454f

Haddad, L., 514

Hayami, Y., 9, 367. See also Asian paths
Hayami–Ruttan induced innovation 

hypothesis, 16, 159–60, 164, 206, 367; 
“efficient but poor” hypothesis and, 
6; fertilizer-using technology and, 86; 
limitations, 278, 279; modern food sys-
tem transformation and, 278; overview, 
6; productivity growth and, 80, 83, 84, 
86; South Asia (SA) and, 113, 114, 
116, 118, 145; support for and validity 
of, 164, 169, 208. See also Asian paths

Hazell, P. B. R., 37, 564, 566, 575–77, 607
Headcount ratios, 21t, 132f, 158f, 182, 

182f, 213t, 300; changes in rural head-
count in East Asia, 91, 93f. See also 
Poverty ratios

Height-for-age measure (HAZ), 328
Heiman, A., 683, 684t
Helen Keller International (HKI) 

Homestead Food Production program, 
518, 519

Hello Tractor, 53–54
Hess, U., 564, 566, 575–77
HGEM (Hadley Centre Global 

Environmental Model) climate change 
scenario, 662–63, 664f, 665, 672, 673f

High-income countries, defined, 456
High-value product sectors, development 

of, 371–74
High-value products, 20, 22, 25f, 379; 

demand for, 104, 383; introduction 
of, 359, 362, 371, 374; problems with, 
371; production of, 383, 384

High-yielding crop varieties (HYVs), 37, 
64, 119, 363

Hoddinott, J., 514
Homestead Food Production (HKI pro-

gram), 518, 519
Household behavior, 503–4, 521–22; con-

sequences of assuming a unitary model 
of, 514–16; unitary model of, 13

Household behavior and jointness, impor-
tance of understanding, 514–16; con-
sequences of targeting women only, 
516–19; gains to recognizing jointness 
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Household behavior and jointness  
(continued) and addressing both men 
and women, 519–21

Household decision-making, 504; beyond 
individual threat points to cooperation, 
504–7; risk and, 12; role of gender, 
credit, and insurance in, 25–26

Household income. See Income(s)
Hunger, 170; climate change and, 636–37, 

647; countries with no, 97; prevalence, 
636–37, 647, 648, 649f

Hunger reduction, 174, 182, 461, 647, 
648; nutrition indicators for Africa 
and progress in, 170–71, 172f

Hybrid varieties, 133, 369
Hydrologic variability, 670–73
Hygiene. See Water, sanitation, and 

hygiene

IFPRI (International Food Policy Research 
Institute), 54, 332

IMPACT. See International Model 
for Policy Analysis of Agricultural 
Commodities and Trade

Import substitution industrialization (ISI) 
strategy, 195–96

Incentivizing the private sector, 707–8
Income generation, role of nonfarm sectors 

in, 374–78
Income growth: climate change and, 643–

44; in East Asia, 95, 106; and food 
consumption, 453, 454, 455f; and pov-
erty and inequality in LAC, 211; and 
poverty trends in Africa, 169

Income stabilization, 568
Income(s): agricultural growth as a driver 

of, 335–36, 338; agriculture and 
household income, 325. See also spe-
cific topics

Indemnity insurance, 57, 567, 569, 573, 
584–86; information symmetry prob-
lems, 570; failure to expand in develop-
ing countries, 570

Index-based insurance (index insur-
ance), 26, 569–71; administrative 

costs, 572; advantages, 57, 571–
73; asymmetric information prob-
lems, 570, 572–73; in Bangladesh, 
137–38; competitive supply mainly 
from private sector, 589; criteria for 
selecting the index, 571–72; current 
state of index insurance in develop-
ing countries, 576–78; description, 
57; empirical evidence regard-
ing the (lack of ) take-up of, 579–
84; high-quality insurance products 
commercially viable, 584–87; inno-
vations in the design of, 585; large 
and sustained demand, 587–89; pay-
ment schedule, 572; pilot projects, 
58; quick payment disbursement, 573. 
See also Index insurance challenges

Index-based livestock insurance (IBLI), 
578–579, 583, 585; in Kenya, 578–
579, 583

Index insurance challenges, 57–58, 573; 
basis risk, 57–58, 574–75, 579, 580, 
582, 583, 585; complexity, 575–76; 
lack of infrastructure and informa-
tion, 575

India, 335; agricultural technologies 
in, 122, 123f, 124, 133, 134, 141; 
cold storages in Agra, 416; credit 
in, 10–11, 13, 137, 552; diversifica-
tion, 125; education, 144; exports, 
127t; farm size, 138, 139t; fertilizer 
subsidies, 138; groundwater use, 598, 
667; index insurance in, 137, 587 (see 
also Index-based insurance); infra-
structure improvement, 135, 136t; 
institutional innovations in, 134–
35; irrigation, 143, 144, 144f, 598, 
667; land-to-the-tiller program, 138, 
139; land–labor ratios, 115, 116, 116t, 
117f, 118; National Agricultural 
Insurance Scheme (NAIS), 572, 
574; National Rural Employment 
Guarantee Act, 143; obesity and over-
nutrition, 132, 132f; productivity and 
exports, 455–56; rice production, 127, 
143, 144f; rural employment, 115, 
140–41, 142t, 143; tariffs and trade 
liberalization, 135–37; TFP growth, 
119–20; urbanization, 128, 130, 130t. 
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See also Agricultural growth in South 
Asia; specific topics

Indonesia, 90–92, 96, 100, 102
Industrial clusters, 374–76, 380, 704; 

Specialized Towns, 378–79
Industrialization: effects, 87, 88, 92, 95, 

106, 279; strategy for rural, 378–81; 
urbanization without, 156

Infant cereals, fortified: prices of, 342–44, 
343f

Information and communications technol-
ogies (ICTs), 11, 44, 53, 54, 136t, 279

Infrastructural investment, 408; alternative 
investment scenarios, 641–44, 648 (see 
also Comprehensive investment port-
folio); impacts on poverty, agriculture, 
food security, and the environment 
to 2050, 643; improved market-
ing efficiency through increased (see 
Infrastructure scenario)

Infrastructure: and food-val-
ue-chain (FVC) transformation, 
408–9; improved (see Infrastructure 
scenario)

Infrastructure development, 135, 136t, 377
Infrastructure scenario, improved, 643, 

644
Innovation supply chains/innovation pro-

cess, 682–86; stages of, 683, 684t
Innovations (and agricultural transfor-

mation), 98; drivers of, 174–85; in 
Latin America and the Caribbean 
(LAC), 214–25; market, 104–5; 
policies facilitating, 135–38; in 
South Asia (SA), 132–44; techno-
logical and institutional, 98–102, 
104, 133–35, 146, 217–19, 709. See 
also Agricultural transformation; 
Diffusion of innovations; Structural 
transformation

Inputs, agricultural, 137–38
Institutional arrangement(s), 214, 399, 

419–20; contract farming as an, 383; 
and farm size adjustments, 99, 102; 
natural resource management and the 
need for, 601, 603

Institutional credit, 26, 137, 532, 534, 543, 
554, 703; areas where it is unavail-
able, 546; constraints on, 554; need 
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Agricultural Development: New Perspectives in a Changing World is the 
first comprehensive exploration of key emerging issues facing developing-
country agriculture today, from rapid urbanization to rural transformation to 
climate change. In this four-part volume, top experts offer the latest research 
in the field of agricultural development. 

Using new lenses to examine today’s biggest challenges, contributors address 
topics such as nutrition and health, gender and household decision-making, 
agrifood value chains, natural resource management, and political economy. 
The book also covers most developing regions, providing a critical global 
perspective at a time when many pressing challenges extend beyond national 
borders. Tying all this together, Agricultural Development explores policy 
options and strategies for developing sustainable agriculture and reducing 
food insecurity and malnutrition.
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