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ABSTRACT 

We use the concept of the product space to analyze the key features of the transformation process in 
Africa with a focus on the agricultural sector. Between 1962 and 2008, we find that both specialization 
and diversification occur for the overall economy and across sectors. Our findings also confirm that the 
transformation of the African economy is driven primarily by the increasing specialization of 
nonagricultural exports. However, the transformation process is still moving more slowly than that of an 
emerging economy such as Brazil. The index of specialization of agricultural exports grew at a modest 
annual rate of 2.1 percent between 1962 and 2008, compared to 5.0 percent for nonagricultural exports 
and 4.1 percent for the overall economy. Although substantive achievements are observed in terms of 
product specialization or sophistication, the diversification of agricultural exports is rather insignificant. 
Compared to Africa, Brazil appears to have experienced a more balanced process in terms of both 
specialization and diversification of its agriculture. African countries’ specific transformation dynamics 
are heterogeneous, suggesting that a one-size-fits-all strategy to boost the agricultural sector in Africa is 
probably not the best option. Therefore, we advocate that the goals and principles of the Comprehensive 
Africa Agriculture Development Programme (CAADP) be adapted and customized to individual 
countries and incorporated into their strategies to enhance the transformation process of the African 
agricultural sector. 

Keywords:  structural transformation, diversification, sophistication, growth, export, Africa 
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1. INTRODUCTION 

In recent years, there has been an abundant literature on the dynamic evolution of various sectors of a 
country’s economy during the structural transformation process. According to the traditional theory of 
structural transformation and growth (Kuznets 1966, 1973), the first beneficiaries in this process are the 
nonagricultural sectors, because production shifts away from agriculture into nonagricultural activities 
and the distribution of employment between different sectors of the economy changes—usually away 
from agriculture and into industry and services. Whether agriculture is a beneficiary in this process or not 
is a matter of interpretation or viewpoint.  

Gollin (2009) points out that early development literature offers two different views of the 
structural transformation, especially the role of agriculture in development. Lewis (1955) and Fei and 
Ranis (1964) view the agricultural sector essentially as a pool of surplus labor, with a very low shadow 
wage. For Lewis (1955), Rosenstein-Rodan (1943), and Rostow (1960), modern economic growth is 
essentially driven by industrialization. In this strand of literature, subsistence agriculture is viewed as a 
default source of employment and as a pool of reserve labor. It follows that the challenge of development 
is to create and expand employment in the modern industrial sector, which is considered as having high 
potential for growth, and it is assumed that industry (and to a lesser extent services) will gradually absorb 
workers from agriculture (Gollin 2009).  

The view that agriculture plays a marginal role, limited essentially to resource transfers to more 
productive sectors, during the transformation process cannot be justified. In fact, such a view is based on 
the dichotomy between agriculture and industry development that has dominated the debate since the 
industrial revolution and that seems inappropriate for explaining the structural transformation of several 
developing economies that are agriculture driven. Johnston and Mellor (1961) indicate that in the case of 
underdeveloped economies, agriculture is the sole industry of any consequence, as it contributes between 
40 and 60 percent to the national income and employs between 40 and 80 percent of the labor force. 
Structural transformation in this case needs to be agriculture driven, provided the primary constraint to 
agricultural development, namely, the use of resources at lower levels of productivity, can be eliminated. 
Following on the same ideas, Mellor (1973) argues that accelerated growth in agricultural productivity 
justifies industrialization because it not only facilitates the transfer of resources to other sectors but also 
affects the relative rates of capital formation and income growth of different sectors, as well as the 
structure and overall rates of growth.  

The dichotomy that seems to exist between the two strands in the traditional literature of growth 
and structural transformation is rather a matter of interpretation of the role of agriculture in the process of 
structural transformation and growth. Indeed, the transfer of resources to other sectors occurs because of 
the productivity growth that starts in the agricultural sector and spreads out to the nonagricultural sectors 
at higher rates. As a result, employment shifts away from the agricultural sector into the nonagricultural 
sectors, but the transferred resources are improved, allowing the takeoff of these new sectors.  

In the case of Africa, however, the above-outlined factors affecting the dynamic evolution of the 
agricultural sector during the process of structural transformation are still a matter of controversy and 
debate. In their recent study on African agriculture over the past 50 years, Collier and Dearcon (2011) 
paint African agriculture as composed of “a vast and only slowly changing number of poor smallholders 
contributing most of agricultural output, with low yields, limited commercialization, few signs of rapid 
productivity growth, and population-land ratios that are not declining” (p.2). They conclude that “the 
current experience is far from being the radical economic transformation which would be appropriate over 
the next 50 years” (p.2). Binswanger-Mkhize, McCalla, and Patel (2010) reach more or less the same 
conclusion. Not only did the expected structural decline in the share of agriculture in the economy fail to 
materialize over the past 50 years, but African agricultural has been frozen in terms of technology and 
remains undercapitalized. Badiane (2011) points out that structural change in Africa has been driven by 
negative diversification as labor migrates from the underperforming yet higher-productivity agricultural 
sector into an oversized, lower-productivity service sector. 
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New evidence, however, indicates that the African agricultural sector has experienced a 
remarkable growth rate since the early 1990s. Averaging 2.3 percent in the 1980s, the agricultural sector’s 
annual growth rate increased to 3.3 percent in the 1990s, and to 3.8 percent between 2000 and 2005 
(World Bank 2006). It is believed that policy reforms undertaken by many African countries between the 
mid-1980s and the second half of the 1990s, together with technological innovations available at that 
time, played an important role in improving agriculture’s performance (Pratt and Yu 2008). Indeed, the 
trend of total factor productivity (TFP) suggests a remarkable recovery in the performance of Sub-
Saharan Africa’s agriculture during the 1984–2003 period after a long period of poor performance and 
decline. However, as Pratt and Yu point out, TFP growth in Sub-Saharan Africa is primarily a result of 
catching up to the frontier; as a result, agricultural growth is likely to slow in the future unless African 
countries pursue aggressive strategies to accelerate innovation along the agricultural value chain.  

In this paper, we adopt a market-oriented approach and use the concept of the product space 
(Hausmann and Klinger 2006) to analyze the key features of the transformation of the agricultural sector 
in Africa. Traditional indicators often used to analyze the dynamics of the transformation of the 
agricultural sector have failed to accurately describe the African agricultural development process. 
Indeed, indicators such as sectoral shifts, sectors’ contributions to the aggregate gross domestic product 
(GDP), sectoral employment, transfer of resources across sectors, and so forth have barely changed over 
the last five decades in Africa, while data show improvement in productivity growth in African 
agriculture since the 1990s.  

To implement the product space approach, we use the United Nations Commodity Trade 
Statistics Database (UN-COMTRADE). This database includes the annual international trade statistics 
data disaggregated at the SITC four-digit level over the period 1962–2008. The database includes 625 
commodities for 284 partner countries or regions.  

The results show that both specialization and diversification occurred for the overall economy as 
well as for the agricultural sector. However, the transformation of the African economy is driven 
primarily by the increasing specialization of nonagricultural exports. The index of specialization of 
agricultural exports grew at a modest annual rate of 2.1 percent between 1962 and 2008, compared to 5.0 
percent for nonagricultural exports and 4.1 percent for the overall economy. Compared to the 
transformation process in Brazil, the transformation of African agriculture is moving much more slowly.  

Though focusing on agriculture, the present study is similar to the analysis of structural 
transformation conducted by Hausmann and Klinger (2007a) for Chile; Hausmann and Klinger (2008) for 
Pakistan; Wagstaff and Maennling (2009) for Mozambique; Usui and Abdon (2010) for the Kyrgyz 
Republic; Felipe, Kumar, and Abdon (2010) for China; and Badibanga, et al. (2009) for China, Malaysia, 
and Ghana. However, unlike previous studies, we provide more details on the dynamics of the 
transformation of the agricultural sector in Africa by analyzing the diversification, upgrading, and 
sophistication of agricultural exports. 

The rest of paper is organized as follows. Section 2 presents a brief review of agricultural policies 
in Africa, from the second phase of the Structural Adjustment Programs to the Comprehensive Africa 
Agriculture Development Programme (CAADP). Section 3 describes the product space methodology and 
develops metrics that will be used to analyze the transformation of the economy and of the agricultural 
sector in Africa. Section 4 discusses the key results of the agricultural transformation in Africa in 
comparison to the transformation in Brazil. Section 5 investigates the relationship between the 
sophistication or specialization of the African agricultural sector and welfare. Section 6 presents our 
concluding remarks. 
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2.  REVIEW OF AGRICULTURAL POLICIES IN AFRICA 

Policy-wise, the second phase (1985–1998) of Structural Adjustment Programs (SAPs) led to a series of 
agricultural reforms that included the liberalization of agricultural input and output prices by reducing or 
removing subsidies on inputs such as fertilizers, reducing overvalued exchange rates, removing 
government regulatory controls in input and output markets, and a series of privatizations implemented by 
withdrawing marketing boards from pricing and marketing activities and restructuring public enterprises 
(Kherallah et al. 2002; Jayne et al. 2002). Barrett and Carter (1994, 288) summarize the thinking behind 
the agricultural policy reforms as follows: 

…once governments free marketing channels and prices (including exchange rates), private 
merchants bid up formerly depressed agricultural prices. By virtue of a positive price elasticity of 
supply, higher prices induce greater production and increased production stimulates demand for 
purchased inputs, including hired labor. Larger agricultural incomes have significant multiplier 
effects due to relatively poor farmers’ high marginal propensity to consume. Thus a liberalized 
agricultural sector is expected to propagate prosperity across all sectors of the economy in a 
distributionally progressive manner.  
However, a decade into the SAPs, Africa was still lagging behind. This prompted the 

implementation of Poverty Reduction Strategy Papers (PRSPs). A review of several completed PRSPs 
suggests that although countries acknowledge the important role of agriculture in accelerating “pro-poor” 
growth (see Diao et al. 2007), the agricultural policies of the SAP era have largely been maintained. In 
addition, the PRSP rhetoric on the importance of agriculture is not matched by increased investments in 
the sector.  

To reverse the dismal fate of African agricultural, the New Partnership for Africa’s Development 
(NEPAD) developed a vision of agriculture-led development in Africa that seeks to eliminate hunger and 
reduce food insecurity through an expansion of agriculture-led exports. This new vision, called the 
Comprehensive Africa Agriculture Development Programme (CAADP), is built around the following 
pillars (Ulimwengu and Sanyal 2011):  

1. Expanding the area under sustainable land management and reliable water control 
systems: (a) to reverse fertility loss and resource degradation and ensure broad-based and 
rapid adoption of sustainable land and forestry management practices in the smallholder 
as well as commercial sectors; and (b) to improve management of water resources while 
expanding access to both small-scale and large-scale irrigation.  

2. Improving rural infrastructure and trade-related capacities for market access: (a) to 
accelerate growth in the agricultural sector by raising the capacities of private 
entrepreneurs, including commercial and smallholder farmers, to meet the increasingly 
complex quality and logistical requirements of markets (domestic, regional, and 
international), focusing on selected agricultural commodities that offer the potential to 
raise rural (on- and off-farm) incomes; and (b) to establish a regulatory and policy 
framework that would expand regional trade and cross-border investments through the 
creation of regional economic actors. 

3. Increasing food supply and reducing hunger: (a) to create well-managed and regionally 
coordinated food reserves and early-warning systems at the national level that would 
allow African countries to respond in a timely and cost-effective manner to food 
emergency crises; (b) to reduce malnutrition in school-going children through diet 
supplementation with a complete meal that is adequate in carbohydrates, fat, protein, 
vitamins, and minerals, and to expand local demand and stimulate production by 
smallholder farmers; and (c) to develop an African nutrition initiative to meet countries’ 
broader nutritional challenges in a way that takes into account the complex and 
multisectoral nature of the problem and possible solutions. 
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4. Expanding agricultural research and the dissemination and adoption of technology: (a) to 
achieve a rapid flow of technologies suitable in the African context that are responsive to 
the constraints and opportunities farmers face; (b) to mobilize the large potential of 
cassava, which can contribute to food security and income generation among African 
countries; (c) to contribute to food security and poverty reduction, and ensure sustainable 
resource management, in the rice sector of 10 eastern, central, and southern African 
countries through broad-based access to high-yielding New Rice for Africa (NERICA) 
rice lines, other improved varieties, and accompanying technologies; and (d) to safeguard 
the future contribution of Africa’s fish sector to poverty alleviation and regional 
economic development, in particular through (i) improved management of natural fish 
stocks, (ii) development of aquaculture production, and (iii) expansion of fish marketing 
and trade. 

CAADP’s goals and objectives are adapted and customized by individual countries and 
incorporated into their strategies to enhance the performance and contribution of the agriculture sector. 
CAADP has indeed created a strong platform for policy and partnership renewal in the agricultural sector, 
with the goal of raising investments and improving policy and strategy implementation and outcomes. As 
of now, 28 countries have held CAADP roundtables and signed compacts: Benin, Burkina Faso, Burundi, 
Cape Verde, Côte d’Ivoire, the Democratic Republic of the Congo (DRC), Ethiopia, the Gambia, Ghana, 
Guinea, Guinea-Bissau, Kenya, Liberia, Malawi, Mali, Mauritania, Mozambique, Niger, Nigeria, 
Rwanda, Senegal, Sierra Leone, the Seychelles, Swaziland, Tanzania, Togo, Uganda, and Zambia.  
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3.  PRODUCT SPACE APPROACH 

As mentioned previously, indicators such as sectors’ contributions to the aggregate GDP, sectoral 
employment, and transfer of resources across sectors often fail to capture improvements in productivity 
growth in the agricultural sector in Africa. In this paper, we focus on indicators that capture product 
discovery and development, as introduced by Hausmann and Klinger (2006). This approach is based on 
the characterization of the product space—a description of all the goods produced in the world in a given 
year—so as to determine how the dynamics of the structure of this space affect the types of products a 
country chooses to produce or can produce and how these product choices affect the country’s patterns of 
specialization and growth.  

The structure of the product space (also called the forest) is heterogeneous in that this space 
includes areas that are either dense or sparse. Products in the denser part of the forest will have a high 
technology content and more trajectories or paths toward many other similar products in the space than 
those in the sparser parts of the space. For example, producing a product such as a computer can easily 
facilitate or lead to the production of several similar new products with high technology intensity, such as 
automobiles, aircraft, machinery, electronic devices, and so forth. In contrast, producing a primary good 
such as a banana does nothing to facilitate the move to producing an automobile because the latter has a 
different technology content and is located in a different area of the product space. Thus, the location of 
the country’s production basket in the product space and the distance between this location and the core 
of the product space (the area with more connected products with a high technology content) will 
determine whether or not a country has the opportunity to structurally transform, that is, whether a 
country can make the jump toward producing new products featuring upgraded technology and products 
with higher unit values.  

The Hausmann and Klinger (2006) approach has the advantage of capturing the differences in 
opportunities for structural transformation across countries. This feature is the missing piece in the 
standard structural transformation theory. Indeed, the standard theory hypothesizes that the product space 
is homogeneous, that is, products are located at equal distances in this space, so there is always a new 
product a firm can reach provided it incurs a fixed cost. If this were the case, however, all countries would 
have achieved structural transformation, and differences in patterns of structural transformation could not 
exist.  

To implement their approach, Hausmann and Klinger (2006) develop three metrics for measuring 
the degree of connectivity of a product to the other products in the product space, and two metrics for 
measuring the level of specialization or sophistication of each product in the product space and of a 
production basket of each country. The metrics they develop to measure the connectivity are proximity, 
density, and paths. The proximity between two goods (i and j) is the probability of producing a good i 
given that a good j is being produced. If i is an orange and j is a computer, then the probability of 
producing a computer for a country already producing an orange should be close to zero since the 
production requirements of the two products are totally different. However, if i is an aircraft instead, then 
the proximity should be higher, given that technology used to produce an aircraft can be adapted to 
produce a computer. The proximity between two goods (i and j) at time t is given by: 

 ( ) ( )[ ]titjtjtitji xxPxxP ,,,,,, /,/min=ϕ 1 ( )1  

where ( )tjti xxP ,, /  is the conditional probability for a country to produce good i  in period t  given that it 

is already producing good j  in the same period, 1, =tix  if a country has a revealed comparative 

                                                      
1 The minimum of the conditional probabilities between i and j is used here to resolve the problem of asymmetry between 

the two probabilities and to avoid a higher value of proximity due to the drop in the number of exporters of a given product rather 
than to the similarity of two goods exported by the same country. 
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advantage (RCA)2 in good i  in period ,t  and 0, =tix otherwise. The expression of conditional probability 
is:  

 ( ) ( )
( ) ,,

jt

jtit
tjit xP

xxP
xxP

∩
=  ( ) ( )

( )it

jtit
tijt xP

xxP
xxP

∩
=,  (2) 

where the numerator of (2) is the joint probability of producing both goods i  and ,j  and the denominator 
is the marginal probability of producing good i  or good .j  The proximity is uniquely identified for each 
pair of commodities in the world. 

Next, density measures the proximity of a particular new product to the current country’s export 
basket or the probability that a country with a given export basket will produce and/or export this new 
product in the near future. The density of the export basket for country c to good i  at time t  is expressed 
as: 

 
∑

∑
=

k
tki

k
tkctki

tci

x
density

,,

,,,,

,, ϕ

ϕ
 (3) 

where tki ,,ϕ and tkcx ,,  are defined as in (1). Unlike proximity, which is uniquely defined for any pair of 
goods, the density of a product is country specific.  

Finally, the third metric of proximity—paths—measures the number of other products in the 
product space that can be reached through a given product. Paths is the distance-weighted number of 
products around a product i (referred to as tree i) at time t, and is used to determine which good is in the 
denser part of the forest and which one is in the periphery. It is expressed as: 

 ∑=
j

tjitipaths ,,, ϕ  (4) 

Hausmann and Klinger (2006) also develop two metrics to measure the implicit value of a product 
(Prody) and the level of sophistication of the country’s industrial structure as represented by the value of 
its export basket (Expy). The Prody index of a product measures its value or level of sophistication. For a 
good ,i  the Prody is calculated as a weighted average of per capita GDP of the countries producing it at 
time t , where the weights are the countries’ RCAs in that good. The Expy index of a country c at time t  
is calculated from the Prodys of products in the corresponding period. It is the weighted sum of all 
Prodys, where the weights are the country export shares of goods. The expressions of the Prody and Expy 
are as follows: 

 
( )
( ) ,Prody ,

,,,

,,,
ti, tc

c
j

jtctci

tctci y
Xxval

Xxval
∑∑

=  (5) 

 ( ) ,rody ti,,,,, PXxvalExpy
i

tctcitc ∑=  (6) 

                                                      
2 According to Ballassa (1965), a country has a revealed comparative advantage (RCA) in a good i if the share of this 

country’s exports of good i in its total exports is greater than the world share of this product in the world total exports. The RCA 
is calculated by dividing the country share of good i by the world share of good i. A country whose value of RCA for good i is 
equal to or greater than 1 will tend to specialize in the production of good i and export it to countries whose value of RCA for this 
good is less than 1. 
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where tcixval ,,  is the exports of good i by country c in year ,t  tcX , is total exports by country c in year 

,t and tcy , is the per capita GDP of country c in year .t  Prody is uniquely defined for each product, while 
Expy is country specific. Both Prody and Expy are also used to determine the types of new goods a 
country produces over time. These new goods can either be upscale (high value) or downscale (low value) 
with respect to the value of the country’s current production.  

The Expy metric described above is used to analyze the aggregate specialization or sophistication 
of a country’s production basket over time. This is not the case for the three metrics of proximity defined 
so far (proximity, density, and paths). These three metrics are used to measure the relatedness of a single 
product to others and cannot be used to measure the overall connectivity of a country’s production basket 
to all other products in the product space. For the aggregate or overall connectivity of the country’s 
production basket, we adopt a metric proposed by Badibanga et al. (2009), called density gravity center 
(DGC). DGC is defined as a weighted sum of the densities of all products for a country ,c where the 
weights are the country’s RCAs for each product. The sum is further normalized by the sum of the 
densities of all products. Using density as defined in (3), we express the DGC metric as 

 ,
,,

,,,,

, ∑
∑

=

i
tci

i
tcitci

tc density

xdensity
DGC  (7) 

where tcix ,, is equal to the actual value of tciRCA ,,  if ,1,, <tciRCA and 1 otherwise.  
DGC measures the diversification of a country’s production or export basket. It represents the 

proportion of the world product space that the country has already occupied. It follows that an increase in 
the value of DGC is an indication that a country is occupying more of the the product space by jumping to 
a new set of products in which it has developed comparative advantages.  
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4.  CHARACTERIZATION OF THE TRANSFORMATION OF THE  
AGRICULTURAL SECTOR IN AFRICA 

Kuznets (1966), Chenery (1975), and more recently Timmer (2009) observe that prior to economic 
transformation, agriculture generally accounts for the bulk of a country’s economic output and labor 
force. Later, the share of manufacturing will increase substantially, as the sector is expected to pull labor 
out of the agricultural sector. To complete the process, services are also expected to increase their share in 
both value added and labor force. As pointed out by Binswanger-Mkhize, McCalla, and Patel (2010), 
productivity in agriculture will slowly increase as labor leaves the sector, while food prices and hence 
agricultural profitability increase, stimulating technological change and investment. This process has yet 
to happen in Africa; agriculture, as well as the economy at large, performed poorly in the past 50 years 
(Binswanger-Mkhize, McCalla, and Patel 2010). Consequently, structural changes that have characterized 
other regions of the world have not yet occurred in Africa. 

As far as agriculture is concerned, Africa ranks the lowest in the world in terms of yield-
enhancing practices, mechanization, and use of agrochemical products and irrigated land (UNECA 2009). 
Few useful crop varieties have been developed to this day for Sub-Saharan Africa, and research successes 
have been rare (Gollin 2009). According to the World Bank (2008), Sub-Saharan Africa has lagged 
behind other regions of the developing world in agricultural productivity levels and growth rates. Grain 
yields grew at 2.8 percent annually in East Asia between 1961 and 2004, while in Sub-Saharan Africa 
they stayed stagnant. Africa has far lower levels of modern variety adoption than other regions of the 
developing world. Compared to the world average of 1020 grams per hectare, African countries use only 
125 grams of fertilizer per hectare on average. With respect to mechanization, the rate is only 13 tractors 
per 100 square kilometers of arable land in Africa, compared to 200 tractors per 100 square kilometers for 
the world average (UNECA 2009). 

Binswanger-Mkhize, McCalla, and Patel (2010) contend that the lack of transformation is also 
evident within the structure of agriculture itself: the value-added shares of crops and livestock have 
remained at around 77 percent and 23 percent, respectively. According to the InterAcademy Council 
(2005), agricultural performance in Africa faces the following main challenges: (a) the dominance of 
weathered soils of poor inherent fertility; (b) the predominance of rainfed agriculture, little irrigation, and 
very limited mechanization; (c) the heterogeneity and diversity of farming systems; (d) poorly functioning 
markets for inputs and outputs; and (e) a large and growing impact of human health on agriculture. 

To analyze the transformation of the agricultural sector in Africa’s structural transformation 
process, we apply the connectivity (diversification) and sophistication (specialization) metrics described 
above using UN-COMTRADE. This database includes the annual international trade statistics data on 625 
commodities for 284 partner countries or regions over the period 1962–2008. We use the trade data 
instead of the production data to study connectivity and specialization because extensive production data 
are not available for many countries. Even for the countries whose production data exist, they are barely 
disaggregated at the commodity level and/or do not cover a long period of time.  

Using the UN-COMTRADE data over the period 1962–2008, we first calculate the revealed 
comparative advantage (RCA) of each commodity for each country in the dataset as well as the matrix of 
proximity for all pairs of commodities in the dataset for each year. Then we use these calculated matrices 
of proximity, RCA, and per capita GDP from the WDI (World Development Indicators) 2010 to generate 
our metrics of interest, that is, the density, paths, and Prody of each commodity in each year, and the 
DGC and Expy of each country in each year. Next, we disaggregate the calculated metrics at the sectoral 
level, that is, for the agricultural and nonagricultural sectors. Since our unit of analysis is the African 
continent, or Africa, we recalculated all the above metrics for Africa viewed in this present case as a 
trading partner. Finally, we report the results of the structural transformation of Brazil, which we choose 
as an emerging economy whose structural transformation process can be compared to that of Africa. 

Starting with specialization or sophistication, we plot in Figure 4.1 the Expy of the overall 
economy and the Expys of the agricultural and nonagricultural sectors in Africa over the period 1962–
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2008. Although all the trends are upward, suggesting increased specialization or sophistication of the 
overall economy and across sectors, it is clear that this specialization of the African economy is driven 
primarily by the increasing sophistication of nonagricultural exports. Indeed, the index of specialization 
(Expy) of agricultural exports grew at a modest rate of 2.1 percent between 1962 and 2008, compared to 
5.0 percent for nonagricultural exports and 4.1 percent for the overall economy. The specialization or 
sophistication gap between agricultural and nonagricultural exports in 1962 was about 57.9 percent in 
favor of nonagriculture, compared to 469.6 percent in 2008. It is fair to say that the trends shown in 
Figure 4.1 are not specific to Africa. Indeed, even in an emerging economy such as Brazil, the 
specialization or sophistication of nonagricultural exports outweighs that of agricultural exports (see 
Figure 4.2). Indeed, the index of specialization for Brazil grew at an average rate of 3.0 percent, 6.0 
percent, and 5.0 percent for agricultural exports, nonagricultural exports, and the overall economy, 
respectively.  

Figure 4.1—Sophistication of African economy, 1962–2008 

 
Source: Authors’ computation. 

Figure 4.2—Sophistication of Brazilian economy, 1962–2008 

 
Source: Authors’ computation. 
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With respect to diversification (DGC), Africa as whole had comparative advantage over 19.9 
percent of agricultural world exports in 1962 compared to 14.2 percent for all world exports and 11.0 
percent for nonagricultural world exports. However, as a result of the second oil crisis in 1974, the 
diversification of African agricultural exports experienced a drastic decline that lasted almost 10 years 
(see Figure 4.3). The recovery process started in 1985 and continued until it hit another break in 2003, 
while the diversification of nonagricultural of exports was experiencing sustained growth. Year 2008 
shows the reverse picture of 1962, with the nonagricultural diversification index (28.3 percent) overtaking 
agriculture’s (22.9 percent). These reverse trends are explained by the insignificant growth of the index of 
diversification of the agricultural sector. Between 1962 and 2008, the index of diversification grew at an 
average annual rate of 0.5 percent for the agricultural sector, compared to 3.0 percent for the 
nonagricultural sector. 

Figure 4.3—Diversification of African economy, 1962–2008   

  
Source: Authors’ computation. 

We use the diversification and specialization trends depicted above to analyze the transformation 
of African agriculture with respect to these two processes. We plot in Figure 4.4 both the Expy and the 
DGC of the agricultural sector. In the DGC-Expy space, a north–east movement (meaning, an upward 
trend) indicates a balanced transformation of the agricultural sector, characterized by both strong 
diversification and strong specialization; that is, a country or a region (Africa in this case) is moving 
toward more connected new agricultural products with higher unit values compared to the overall value of 
agricultural products. However, a south–north movement indicates an increase in product sophistication 
(that is, specialization without diversification) and a west–east movement indicates an increase in product 
discovery (diversification without specialization). Any movement different from the ones described above 
indicates either a reverse diversification (a country’s agricultural exports are shrinking), a reverse 
specialization (the value of a country’s agricultural exports is dropping), or a reverse transformation (a 
reverse diversification associated with a reverse specialization). 
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Figure 4.4—Transformation of African agriculture (Expy-DGC space), 1962–2008 

 
Source: Authors’ computation. 

The overall dynamics of the agricultural sector, as shown in Figure 4.4, have not been smooth 
throughout. The whole process lacks the sustainability that would allow the region to hold on to the gains 
of the agricultural export market. Although substantive achievements are observed in terms of product 
specialization or sophistication, diversification of agricultural exports seems insignificant. Compared to 
Africa, Brazil appears to have experienced more balanced dynamics, improving both the quality and the 
composition of its agricultural exports almost equally (Figure 4.5). Indeed, the diversification-
sophistication trend in Figure 4.5 seems to align with the 45-degree line, unlike that of Africa in Figure 
4.4. Further, overall, Brazil had a better process than Africa, as suggested by the distance between the 
1962 coordinates (Expy, DGC) and the 2008 coordinates; the ratio of the distance between the two 
periods is 1 to 2.4 for Brazil compared to 1 to 1.9 for Africa.  

Figure 4.5—Transformation of Brazilian agriculture, 1962–2008 

 
Source: Authors’ computation. 
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To further investigate the transformation of African agriculture, we plot in Figures 4.6 and 4.7 the 
average growth rates of the sophistication and diversification indices, respectively, of the agricultural 
sector in Africa. As expected, country-specific dynamics are rather heterogeneous, suggesting that a one-
size-fits-all strategy to boost the agricultural sector in Africa is probably not the best option. Between 
1962 and 2008, the average growth rate of the sophistication index of the agricultural sector across 
African countries ranged from -0.32 percent (Angola) to 46.1 percent (Libya). Only 11 countries out of 42 
in our sample achieved an average rate of growth of the agricultural Expy of 10 percent or higher. With 
respect to diversification of agricultural exports, once again Libya is on top, while Nigeria is lagging. 
Furthermore, the average rates of growth of the diversification indices for most African countries are 
moderate. Only six countries (Gabon, Liberia, Zimbabwe, Rwanda, Zambia, and Libya) have average 
rates of growth of 5 percent or higher. Countries such as Nigeria, DRC, Morocco, Sudan, Cameroon, 
Mozambique, and Congo experienced negative growth rates, which suggest that their respective export 
baskets shrank instead.  

Figure 4.6—Average growth rate of sophistication index of African agriculture, 1962–2008 

 
Source: Authors’ computation. 
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Figure 4.7—Average growth rate of diversification index of African agriculture, 1962–2008 

 
Source: Authors’ computation. 

To describe the position of African agricultural products in the product space, we construct a 
typology of products using the connectivity and sophistication criteria. We classify products into four 
groups: bad products, biased good products, transition good products, and best products. A product is 
qualified as a bad product if it is in the sparser part of the forest (less connected) and is downscale (not 
sophisticated). A product is considered the best product if it is in the denser part of the product space 
(more connected) and is upscale (sophisticated). Between the two groups are products that are either more 
connected but downscale (transition good products) or less connected but upscale (biased good 
products). Products in these two groups can help in the short run either to cut the distance to the best 
products or to improve the value of the basket, respectively. Unlike a biased good product, which can help 
improve the value of the basket in the short run, a transition good product should be a target product for a 
healthy transformation process, as it helps sustain the diversification and/or specialization processes in the 
long run, that is, it allows a country to cut the distance to the core of the product space where the best 
products are located.  

To construct the product distributions in each year, we need a criterion that can be used to 
determine in which part of the forest a product is located. In the absence of well-known criteria, we resort 
to the average paths of all products in each year, so that products with paths above the average are in the 
denser part of the product space and products with paths below the average are in the sparse part of the 
product space. For the sophistication criterion, we use the difference between the Expy of a country and 
the Prody of a product in each year. A product is upscale (sophisticated) if its value (Prody) exceeds the 
average value of the country’s basket (Expy), and it is downscale (not sophisticated) if its value is less 
than the average value of the country’s basket. Since the value of a product can be improved or can 
deteriorate from year to year with respect to the value of the country exports, a downscale product can 
become upscale and vice versa. 

We start by depicting in Figures 4.8 and 4.9 the shares of agricultural products exported with 
comparative advantage over the total exports of agricultural products for Africa and Brazil, respectively. 
Clearly, both Africa and Brazil increased their shares of agricultural products exported with comparative 
advantage after a long period of decline started at the end of the 1970s. After hitting its lowest level in 
1983 (31 percent), Africa’s share of agricultural products exported with comparative advantage increased 
at an average annual rate of 3.5 percent over the period 1983–1990. The most remarkable increase is 
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observed over the period 1997–2005; this indicator increased to 49 percent in 2005 from 34 percent in 
1997, an average annual growth rate of 5.5 percent. The Brazilian trends of the share of agricultural 
products exported with comparative advantage are slightly different. The share was stagnant or even 
decreasing over the period 1980–1998. However, from 29 percent in 1998 it increased to 41 percent in 
2005, an average rate of growth of 6.6 percent during this period. 

Figure 4.8—Share of African agricultural products exported with comparative advantage,  
1962–2008 

 
Source: Authors’ computation. 

Figure 4.9—Share of Brazilian agricultural products exported with comparative advantage,  
1962–2008 

  
Source: Authors’ computation. 
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The large proportion of agricultural bad products in the total agricultural products exported with 
comparative advantage explains the poor performance of the agricultural sector in terms of both 
specialization and diversification in comparison to the nonagricultural sector (Figures 4.10 and 4.11). Bad 
products are less connected and downscale; therefore, having a large proportion of these products exposes 
a country to a risk of being caught in the bad-product trap, that is, a situation in which a country is unable 
to reach the denser part of the product space that guarantees a healthy transformation process. A bad-
product trap takes away countries’ opportunities for structural transformation. A slightly more acceptable 
position is one in which the country’s basket is dominated by biased good products—less-connected 
upscale products. Such products can cause the structural transformation of a country to be biased toward 
specialization without diversification. However, in the long run, a lack of diversification exposes a 
country’s economy to shocks capable of causing a regression in the transformation process. 

Figure 4.10—Bad products as share of African exports with comparative advantage, 1962–2008 

 
Source: Authors’ computation. 

Figure 4.11—Bad products as share of Brazilian exports with comparative advantage, 1962–2008 

 
Source: Authors’ computation. 
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An examination of Figures 4.12 and 4.13 indicates that both Africa’s and Brazil’s agricultural 
exports included large proportions of biased good products. This proportion was higher at the beginning 
of the period for each of the two economies (51 percent for Africa in 1963 and 48 percent for Brazil in 
1964) and decreased during the period under analysis. By the end of the period (2008), this share was still 
moderately high for Africa (31 percent) but less so for Brazil (21 percent).  

Figure 4.12—Biased good products as share of African exports with comparative advantage,  
1962–2008 

  
Source: Authors’ computation. 

Figure 4.13—Biased good as share of Brazilian exports with comparative advantage, 1962–2008  

 
Source: Authors’ computation. 
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In Figures 4.14 and 4.15 we plot the shares of transition good products exported with comparative 
advantage over the period 1962–2008 for Africa and Brazil, respectively, and in Figures 4.16 and 4.17 the 
shares of best products exported with comparative advantage over the same period. Neither Africa nor 
Brazil included these products in its exports until the end of 1980s (1989 for Africa and 1988 for Brazil). 
By the end of the 1980s, these products started to appear in agricultural exports. The share of transition 
good products continued to increase during the rest of the period but never exceeded 10 percent, except in 
the year 2003 for both Africa (10 percent) and Brazil (12 percent). 

Figure 4.14—Transition good products as share of African exports with comparative advantage, 
1962–2008 

 
Source: Authors’ computation. 

Figure 4.15—Share of Brazilian agricultural Transition good products as share of Brazilian exports 
with comparative advantage, 1962–2008 

  
Source: Authors’ computation. 
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Figure 4.16—Best products as share of African exports with comparative advantage, 1962–2008 

 
Source: Authors’ computation. 

Figure 4.17—Best products as share of Brazilian exports with comparative advantage, 1962–2008   

 
Source: Authors’ computation. 

The low proportion of agricultural transition good products in agricultural exports has been a 
limiting factor for the sustainability of the structural transformation process in the agricultural sector in 
Africa and Brazil. In fact, transition good products are more connected to many other products and thus 
allow a country to choose from among alternative paths the ones that can lead to a rapid transformation 
process.  

Furthermore, the very share of transition good products may also explain the observed trends of 
the shares of best products. Best products are the most desirable products for structural transformation 
because they are more connected and upscale. In fact, including these products in a country’s basket 
increases the value of the export basket (more specialization) while at the same time improving its 
diversification. Figures 4.16 and 4.17 suggest that both Africa and Brazil had very low shares of best 
products in their agricultural exports in some years (less than 3 percent for Africa and less than 6 percent 
for Brazil) and zero shares in some other years. Africa exported these products in 5 out of 47 years, while 
Brazil exported them in 19 out of 47 years. Moreover, Africa exported only 3 out of 14 categories of the 
agricultural best products identified over the period 1980–2008 (see Table 4.1 for the description of these 
categories), and still without consistency: fixed vegetable oils in 1988 and 1989; materials of animal 
origin in 1999; and acid oils, fatty acids, and solid residues in 2001.  
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Table 4.1—Categories of best exports, 1980–2008 

SITC-4 Code Product Description 
421 Rice in the husk or not, not further prepared 
819 Food wastes and prepared animal feed 
2313 Reclaimed rubber 
2314 Waste and scrap of unhardened rubber 
2919 Materials of animal origin 
2925 Seeds, fruit, and spores for planting 
4111 Oils of fish and marine mammals 
4113 Cottonseed oil 
4216 Sunflower seed oil 
4217 Rape, colza, and mustard oils 
4229 Fixed vegetable oils 
4311 Animal/vegetable oils, boiled, oxidized, dehydrated 
4312 Hydrogenated oils and fats 
4313 Acid oils, fatty acids, and solid residues 

Source: Authors’ computation. 
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5.  SOPHISTICATION OF AFRICAN AGRICULTURE AND WELFARE 

The results presented in Section 4 indicate that the development of the agricultural sector in Africa was 
biased toward specialization associated with insignificant diversification over the period under study. In 
this section, we look at the possible correlation between economic sophistication and per capita GDP, 
used here as proxy for welfare.  

The contribution of structural transformation to the process of growth and development has 
strong support in both the theoretical and empirical literature. For example, Cook (2006) considers 
structural transformation as an indispensable ingredient of rapid growth. Chenery (1960) sees in economic 
development a series of interrelated changes that occur in the structure of an economy and that are 
necessary for the continuation of its growth. Syrquin (1994) also finds a strong relationship between 
economic structure and the level of development of a country, and between growth and structural change. 
However, because structural transformation can occur even in periods of stagnation or decline, the state of 
economic development is defined as both a cause and an effect of economic growth (Syrquin 2006). In 
general, countries experience structural change as they grow, not only in terms of what they produce but 
also in terms of how they produce these products, for example, using different inputs, including new 
methods of production.  

On the empirical side, McMillan and Rodrik (2011) use panel data from 38 countries (in Asia, 
Africa, and Latin America) from 1990 to 2005 to show that structural transformation has made very small 
(positive or negative) contributions to labor productivity in all middle-income countries. They found 
positive effects among Asian countries, weak but positive effects for Latin America, and negative effects 
for most of Sub-Saharan Africa.  

To verify the association between sophistication and welfare in Africa, we plot in Figures 5.1 and 
5.2 the simple regression between the index of sophistication and per capita GDP for the agricultural and 
nonagricultural sectors, respectively. The trends suggest that a positive association exists between 
sophistication and welfare for both agricultural and nonagricultural sectors. Furthermore, agricultural and 
nonagricultural specialization does not necessarily have the same effect on welfare. Indeed, given its 
current level, the specialization or sophistication of the agricultural sector in Africa is expected to 
significantly improve per capita GDP by an elasticity of 1.2, compared to 0.560 for the nonagricultural 
sector (see Figures 5.1 and 5.2). This confirms that agricultural sophistication is more pro-poor than 
sophistication in the nonagricultural sector.  

Figure 5.1—Per capita GDP and sophistication of agricultural sector, 1962–2008  

 
Source: Authors’ computation. 
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Figure 5.2—Per capita GDP and sophistication of nonagricultural sector, 1962–2008  

 
Source: Authors’ computation. 

Across African countries, however, the relationship between the sophistication of the agricultural 
sector and per capita GDP exhibits a U-shape trend (Figure 5.3). This indicates that a positive relationship 
between the two occurs only after a minimum level of agricultural sophistication is reached. This U-
shaped curve is in line with findings by McMillan and Rodrik (2011), with African countries lying on the 
decreasing part of the curve. This is in stark contrast to the rather positive relationship between the 
sophistication of the nonagricultural sector and per capita GDP (Figure 5.4). 

Figure 5.3—Per capita GDP versus Expy of agricultural sector, 1962–2008    

 
Source: Authors’ computation. 
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Figure 5.4—Per capita GDP versus Expy of nonagricultural sector, 1962–2008 

 
Source: Authors’ computation. 
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6.  CONCLUDING REMARKS 

In this paper, in contrast to previous studies, we adopt an approach that captures both product discovery 
and development. Our findings suggest that, although at a slow pace, specialization and diversification 
did take place in the overall economy as well as in agriculture during the period under study. Overall, the 
transformation of the African economy is being driven primarily by the increasing specialization of 
nonagricultural exports. This feature is not unique to Africa; even in a country such as Brazil, the 
sophistication of nonagricultural exports outweighs that of agricultural exports. With respect to 
diversification, we found that as a whole, the continent had a comparative advantage over 19.9 percent of 
agricultural world exports in 1962. However, as a result of the oil crisis in 1974, the diversification of 
African agricultural exports experienced a drastic decline over the following 10-year period.  

The transformation of the agricultural sector in Africa is different from country to country. 
Indeed, between 1962 and 2008, the average growth rate of the sophistication index of African agriculture 
ranges from -0.32 percent (Angola) to 46.1 percent (Libya). With respect to diversification, once again 
Libya is on top, while Nigeria is lagging. Countries such as Nigeria, DRC, Morocco, Sudan, Cameroon, 
Mozambique, and Congo experienced negative growth rates with respect to the diversification index, 
suggesting that their respective export baskets shrank over the period 1962–2008. 

Best products are the most desirable products for structural transformation because they are more 
connected and upscale. Over the period 1962–2008, Africa exported agricultural best products in 5 out of 
47 years, while Brazil exported them in 19 out of 47 years.  

Overall, our findings call for policy renewal to improve product discovery and development in 
the agricultural sector. Ways to boost agricultural transformation in Africa include investment in rural 
infrastructure (World Bank 1997), promotion of the use of yield-enhancing technologies (Evenson and 
Gollin 2003), privatization to enhance competition in agricultural input markets (Baxter 1989), and the 
creation of an enabling environment (UNECA 2009). But providing a catalog of public actions needed to 
induce increases in the productivity of African agriculture, while helpful, does not explain why African 
political leaders have yet to implement them on a sustained basis. The Brazilian experience can also be 
beneficial for Africa. As pointed out by the Economist (2010), there are several reasons why the cerrado 
miracle can be exported to Africa: (a) Brazilian land is like Africa’s: tropical and nutrient-poor (the big 
difference is that the cerrado gets a decent amount of rain and most of Africa’s savanna does not—the 
exception is the swath of southern Africa between Angola and Mozambique); (b) Brazil imported some of 
its raw material from other tropical countries in the first place (Brachiaria grass came from Africa; the 
zebu that formed the basis of Brazil’s Nelore cattle herd came from India); (c) Africa can learn from 
Brazil on intellectual property protection, in particular data protection, for crop protection technologies; 
and (d) Africa can also follow the Brazilian example as it relates to local markets and logistics capacities 
for crop protection technologies. 
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