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Foreword 
In the course of conducting research on food 

policies, IFPRI has increasingly recognized that 
development of infrastructure, particularly rural 
infrastructure, bears enormous implications for 
policy outcome. As a result, IFPRI has initiated 
specific studies on the effects on development of 
rural infrastructure and service provision. Case 
studies on Bangladesh, India, Zimbabwe, and 
Zambia represent the outcome of these initiatives. 
Besides these specific studies, the significance of 
rural infrastructure development has emerged 
quite clearly in other IFPRI work, including studies 
on marketing, diversification of agriculture, com
mercialization, and famine. But a large body of 
work on infrastructure exists outside IFPRI, giving 
rise to questions of definitions, approaches to 
research, and sequencing of investment. How 
should infrastructure interface with other aspects of 
IFPRI's work such as technology and institutions? 

Plans for IFPRI's future research emphasize 
liberalization of output and input markets, diversi
fication of agriculture, macro policy reforms, 
financial market development, natural resource 
management, poverty alleviation through employ-

v 

ment, and various other public policies. Because 
rural infrastructure is often an underlying critical 
factor impinging on policy outcomes in such 
research, IFPRI will have to deal with specific as
pects of the issues involving infrastructure in each 
of these research themes. To provide a ready 
reference for researchers on food policy-infrastruc
ture linkages and to remind the research commu
nity about the indirect role of infrastructure, IFPRI 
felt that a synthesis of existing literature reflecting 
the state of knowledge on the subject was needed. 

The Markets and Structural Studies Division at 
IFPRI is concerned with policy research on struc
tural and institutional facets of an economy. 
Development of infrastructure naturally receives 
considerable attention in its research agenda. 
Therefore, this division has taken the initiative in 
preparing this synthesis of the literature. We hope 
It will be useful not only to researchers at IFPRI 
but to a wider audience. 

Raisuddin Ahmed 
Director, Markets and Structural Studies Division 





1 Introduction 
Economists have long been working to discover 

why some countries move ahead fast, while others 
lag behind on the path of economic development. 
The role of infrastructural factors in economic 
development either remains to be fully unfolded or 
has been unraveled with a considerable degree of 
ambiguity. The objective of this paper is to scan the 
literature on infrastructure in order to establish the 
state of knowledge on the subject. 

As popularly used, the meaning of the term 
"infrastructure" is extremely loose. A commonly 
understood definition is necessary for communica
tion among researchers and for the development 
of approaches to research on infrastructural issues. 
Four conditions that define infrastructure provide 
a basis for common understanding: 1) the services 
provided facilitate or are basic to economic activi
ty; 2) the services are usually public goods because 
of economic externalities; 3) the services cannot be 
imported; and 4) investments tend to be indivisi
ble or "lumpy." Provision of infrastructure by the 
public sector stems from these four conditions. 

The state of statistics on infrastructural endow
ment in developing countries is very poor. For this 
reason a short survey was conducted by the Inter
national Food Policy Research Institute (IFPRI) to 
gather some basic information (IFPRI 1991). The 
results of this survey indicate that African coun
tries are generally far behind their Asian counter
parts in infrastructural endowment, as well as in 
investment for creation of these assets. For exam
ple, the mileage of paved road and railway lines 
per 1,000 persons ranges from 0.15 to 1.09 in seven 
African countries, with an average of 0.35 miles 
per 1,000 persons, weighted by country popula
tion. In four selected Asian countries, the range was 

0.07 to 1.65, with a weighted average of 0.67 miles 
per 1,000 persons. The density of mechanized 
vehicles per mile of paved road in Africa is again 
only about one-fourth of the density in Asia. 
Statistics on rural electrification and communica
tions show similar disparities. 

Theoretical articufation of the role of infra
structure in economic development is found 
occasionally, but empirical vafidation of these 
theoretical works is extremely thin. This is primar
ily due to the difficult problem of measurement of 
the indirect effects or external economies of infra
structural investment. 

In addition, systematic empirical research on 
the impact of infrastructure is rare. Most of the 
studies of developing countries that are available 
suffer from a dearth of relevant data, and power
ful methods of estimation are attempted to com
pensate for the deficiency of information. The bulk 
of the literature on the impact of infrastructure is 
related to project evaluation and appraisal reports 
prepared by multilateral and bilateral donors. 
Such reports are generally done in haste and 
primarily focus on direct effects. Indirect effects 
are usually recognized, described, and sometimes 
accounted for in an arbitrary fashion. Quantitative 
methods remain a far cry from what is needed. 
Most studies on infrastructural issues have been 
limited to Asia; studies on African and Latin 
AmericanJ'roblems of infrastructure development 
are limite in number. 

To organize this review, the literature is classi
fied into four groups: definitional issues, identifi
cation and measurement of effects, methods of 
measurement of effects, and public policy for 
infrastructural development. 



2 What Is Infrastructure? 
The term "infrastructure" was evolved during 

the Second World War by military strategists to 
indicate wide-ranging elements of war logistics. 
Thereafter, economists introduced the term into the 
literature of development economics to be used 
interchangeably with "overhead capital" (Youngson 
1967). "Infrastructure" became a popular word, 
often used extremely loosely. Soon distinctions 
such as "social infrastructure," "economic infra
structure," "hard infrastructure," "soft infrastruc
ture,'' "physical infrastructure,'' and "institutional 
infrastructure" were being made in order to em
phasize a particular aspect of the many attributes 
that the word "infrastructure" now represented. 

But a common definition is essential for under
standing and resolving issues related to research 
and the public-sector role in development of infra
structure. This common thread was sought in the 
definition of"public goods" because infrastructural 
development essentially means creation of public 
capital goods. Such capital goods carry the distinc
tion ofjroducing external economies (technologi
cal an pecuniary) and social benefits different 
from private benefits. That is, the consumption by 
one individual of services provided by these 
public goods does not prevent consumption by 
another individual (Samuelson 1954). Because of 
this characteristic of joint consumption, individual 
preferences for such goods are hard to ascertain. 
On the supply side, production of public goods is 
not free or costless. But the marginal cost of 
having an additional individual consume the 
good, once produced, is zero. No private firm 
could produce a public good, since charging the 
marginal cost would result in no revenues, yet 
charging any other price would not be possible 
since individuals would always want someone else 
to pay. Provision of the public good would not 
occur and all would be worse off. This is the theo
retical basis for public goods being considered the 
domain of the public sector. There is a distinction 
between pure public goods and impure public 
goods in the sense that some phases or aspects of 
a public good may not fully meet the tests of the 
definition posited above. In reality, it is difficult if 
not impossible to find any pure public good, but 
the characteristics and the degree to which an 
investment possesses them are still important in 

distinguishing the roles of public and private 
investment. Because of this question of degree of 
purity in the attributes of public goods, some 
scope for judgment and pragmatism persists in 
decisions on public investments and infrastructure. 
Youngson (1967) attempted to make the definition 
of infrastructure relatively simple by emphasizing 
that infrastructure is not a set of things but a set of 
attributes. Some or all or none of these attributes 
may reside in a capital asset. To the degree that an 
asset possesses the attributes, it could be regarded 
as infrastructure. Two such attributes, both of 
which accord with the notions enunciated by 
Rosenstein-Rodan (1943) and Nurske (1953), can be 
recognized. Capital can be viewed as infrastruc
ture to the extent that (1) it is a source of external 
economies, and (2) it is provided in large units, 
ahead of demand. 

The 1950s and the 1960s witnessed a surge of 
attem~ts in development economics to further 
sped the contents of infrastructure or "overhead 
capita ,'' as it was termed. Thus, Lewis (1955) 
includes public utilities, ports, water supplies, and 
electricity in the specification of infrastructure. 
Higgins (1959) includes transport, public utilities, 
schools, and hospitals. Hirschman (1958) lists law 
and order, education, public health, transportation, 
communications, power, water supply, irrigation, 
and drainage. He makes a distinction between a 
wider concept of social overhead capital, as listed 
above, and a "hard core" which he limits to trans
port and power. Hirschman sets out four condi
tions for distinguishing "social overhead capital" 
from "directly productive activities": (1) the services 
provided by the activity are to facilitate, or in 
some sense are basic to, the carrying out of a wide 
variety of economic activities; (2) the services are 
provided in practically all countries by public 
agencies or by private agencies subject to public 
control and are provided free of charge or at rates 
publicly regulated; (3) the services cannot be 
imported; and (4) the investment needed to pro
vide the services is characterized by "lumpiness." 
Lumpiness means that large investments, rather 
than small incremental investments, are needed to 
provide the service due to technical indivisibilities. 
With increasing recognition of the role of agricul
ture in economic development, the literature of the 



1960s reflects some added emphasis on agricultur
al research and extension, rural financial institu
tions, and irrigation and drainage (Nicholls 1963; 
De Vries 1960; Ishikawa 1967). 

It is apparent from this short review of litera
ture on the definition of infrastructure that the 
meaning of infrastructure is quite flexible. De
pending on the degree of emphasis between 
agriculture and industry in the development 
strategy of a country, one could emphasize the 
elements that matter more for either rural or 
urban development. But whatever may be the 
emphasis on spatial dimensions, the nature of the 
infrastructure elements is such that their creation 
requires public initiatives, and they provide the 
basic environment for the directly productive 
activities of individuals and groups in a society. 
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Therefore, Hirschman's four conditions, presented 
earlier, are reasonably precise guidelines for 
deciding what is and what is not infrastructure. 

This review focuses on the methodologies and 
evidence concerning hard infrastructure, mainly 
roads, although issues and examples concerning 
other types of infrastructure are included. Why 
roads? The issues and difficulties involved in 
analyzing land transport are representative of 
other types of infrastructure. Land transport 
facilities generally entail large investments to 
establish a network; private provision is not the 
most efficient form due to the externalities in
volved; and there is general agreement on its 
importance to economic development on the 
aggregate level. These ideas, and others, will be 
considered in the following sections. 



3 State of lnfrastructural Development 
In spite of the recognized importance of infra

structure in development, there is a dearth of infor
mation on the status of transport, energy, and com
munications infrastructure in developing countries. 
A brief look at the road statistics of the Internation
al Road Federation (1988) indicates the extent of 
this data problem, which is particularly acute in 
Africa. A recent country-level survey of selected 
countries by the International Food Policy Research 
Institute (IFPRI) requested information on transport 
means in rural areas, data that could not be found 
for many countries. Some results of this survey will 
be presented at the end of this section. 

Even more of a problem than lack of data is 
the actual state of infrastructure in many develop
ing countries and the decreasing resources dedi
cated to infrastructure maintenance and develop
ment. For African countries with available data, 
road densities range from 0.01 to 0.11 kilometers 
per square kilometer of land area; in Asia, those 
densities range from 0.35 to 0.41. Similarly the 
percentage of roads that are paved is much small
er in Africa (10 percent) than in Asia (35 percent). 

In spite of this, international lending and 
domestic investments in infrastructure have not 
been sustained over time, gradually becoming less 
important as structural lending and other sectors 
in the economy have received more funds. Look
ing at central government expenditure on trans
port and communications as a percentage of its 
total expenditure, it can be seen that the percent
age has decreased during the 1978-88 period in 
many African and Latin American countries and 
some countries of Asia. In 1978, spending on 
transport and communications averaged 11 per
cent of total government expenditure in the Afri
can countries for which data were available, but 
by 1988 that had decreased to 7 percent. For Latin 
America, the figures were 9 percent for 1978 and 
7 percent for 1988 (lMF 1978, IMF 1988). World 
Bank lending commitments show a decline in 
investment for construction over the last 20 years 
as well (World Bank various years). 

The state of statistics on infrastructural endow
ment in developing countries is indeed very poor. 
This lack of information motivated IFPRI to con
duct a short survey in countries where it had 
some field projects or special connections. A 

questionnaire was prepared to obtain some basic 
infrastructural statistics on selected countries of 
Asia and Africa. The survey involved collection of 
data from public agencies that were responsible 
for creation, maintenance, or registration of infra
structure or for gathering statistical information as 
a routine activity. Information on many countries 
was either inadequate or very unreliable. There
fore, results for only those countries that appeared 
amenable to some analysis are presented here. 
Before presenting the survey results, however, 
some background information on the selected 
countries-7 from Africa and 5 from Asia
relevant to the context of infrastructural develop
ment, is presented in Table 1. 

South Korea represents a newly developed 
country with a per capita income of US$5,200. All 
other countries represent developing countries with 
per capita incomes ranging from US$170 to 
US$720. For the annual average public expendi
tures for transport and communication develop
ment (1985-88), the table shows that, on a per 
capita basis, this expenditure is similar in Asian 
and African countries. However, on the basis of 
cultivated land per hectare, the development 
expenditure for transport and communications in 
African countries is about half of that in Asian 
countries. Public expenditures on this infrastructure 
as a percentage of GNP however, are similar in the 
selected countries of the two continents. 

The low per hectare expenditure on infrastruc
ture in Africa signifies the limited access of the 
peasant sector to these infrastructures. African 
agriculture is extremely dualistic (with both estate 
farms and peasant farms), compared with relatively 
homogeneous systems of farming in Asia. It is well 
known that the estate sector has a greater chance of 
attracting public investment on infrastructure than 
the peasant sector. Therefore, even though the per 
capita expenditure or the share of the GNP spent 
on infrastructure is the same, the peasant sector of 
Africa has much more restricted access to these 
infrastructures than the peasants of Asia. 

Turning to the survey results, all African coun
tries except Zimbabwe have from 0.15 to 0.44 
miles of paved road and rail line infrastructure per 
1,000 persons (Table 2). With the exception of 
Bangladesh, the comparable mileage is 0.58 to 1.65 
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Table 1-Expenditure on transport and communications infrastructure in selected Asian and 
African countries, 1989 

Per Capita 
Expenditure 

Region/ 1989 Cultivated Expenditure Expenditure as Percent 
Country Income Expenditure Population Land, 1989 per Capita per Hectare of GNP 

(US$) (US$million) (million) 
Africa 

(1 ,000 hectares) (US$) (percent) 

Benin 310 14 4.5 2,250 3.1 6.2 1.0 
Kenya 350 103 22.5 6,100 4.6 16.9 1.3 
Malawi 190 50 8.0 1,450 6.3 34.5 3.3 
Senegal 520 27 7.0 5,200 3.9 5.2 0.7 
Tanzania 170 110 24.7 40,260 4.5 2.7 2.6 
Togo 280 20 3.4 990 5.9 20.2 2.1 
Zimbabwe 620 175 9.3 2,460 18.8 71.1 3.0 

Asia 
Bangladesh 190 260 110 9,760 2.4 26.6 1.3 
India 340 3,600 824 156,100 4.4 23.1 1.3 
Pakistan 370 780 106 20,900 7.4 37.3 2.0 
Philippines 720 650 60 13,400 10.8 48.5 1.5 
South Korea 5,200 800 42 2,140 19.0 373.8 0.4 

Sources: Compiled from IMF (International Monetary Fund), Government Finance Statistics Yearbook 
(Washington, D.C.: IMF, various years 1978-88); IMF, International Financial Statistics (Washington, 
D.C.: IMF, 1991); FAO (Food and Agriculture Organization of the United Nations) Production 
Yearbook (Rome: FAO, 1990). 

Notes: Per capita income is an average of 1988 and 1989. Expenditure refers to public expenditures on 
transport and communications, based on the average of 1985 through 1988. 

per 1,000 persons in Asia. The exceptions arise 
from unusually high population density in Bangla
desh and the relatively higher status of road and 
railway development in Zimbabwe. The second 
indicator-road and railway mileage per 1,000 
hectares of cultivated land---again indicates that 
the extent of transport and communication infra
structure in African countries is about one-third of 
that in Asian countries. Of course, roads do not 
matter if there are no vehicles to ply the road: 
Asian roads have almost four times the vehicle 
density of African roads. The African transport 
sector is often plagued by import constraints 
(arising from scarcity of foreign exchange and 
import controls) and domestic controls in the 
transportation industry (Badiane 1992; Gabre
Madhin 1991). 

The proportion of villages supplied with 
electricity is also very small in Africa; only 3-5 
percent of villages in some countries have any 
electrification (Table 3). In contrast, in Asian coun-

tries roughly 50 percent of the villages have 
electricity. Bangladesh again appears to be an 
exception, even though the proportion of villages 
electrified in this poor Asian country is double 
that of Zimbabwe. In number of telephones per 
1,000 persons, Asian countries again appear to be 
ahead of Africa. What electricity and telephone 
facilities are available in African countries are 
mostly limited to urban areas, thus reinforcing the 
urban-rural dichotomy of countries in that conti
nent. The prevalence of primary schools, measured 
by the number of schools per 1,000 persons, does 
not appear to differ as widely between Asia and 
Africa as the other infrastructures. 

These statistics of infrastructural endowment 
indicate that development of rural infrastructure 
has primarily remained a demand-driven phenom
enon in most developing countries. Conscious 
creation of excess capacity that would stimulate 
economic activity in productive sectors has not 
been adopted as a strategy of rural development. 
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Table 2-Some selected Indicators of surface transport for Asia and Africa, 1990 

Total Paved Rail and Road Rail and Road Mileage Number of Mechanized 
Region/ Roads and Mileage per per 1 , 000 Hectares Vehicles per Mile 
Country Rail Lines, 1990 1 ,000 Persons of Cultivated Land of Paved Road, 1990' 

Africa 
(miles) 

Benin 800 0.17 0.36 9.0 
Kenya 6,622 0.30 1.09 19.2 
Malawi 2,252 0.28 1.55 17.0 
Senegal 3,067 0.44 0.60 12.2 
Tanzania 3,635 0.15 0.09 14.2 
Togo 1,248 0.37 1.26 13.5 
Zimbabwe 10,117 1.09 4.11 35.7 

Asia 
Bangladesh 7,278 0.07 0.75 47.5 
India 559,375 0.68 3.58 49.0 
Pakistan 77,469 0.73 3.71 42.5 
Philippines 98,908 1.65 7.38 51.8 
South Korea 24,425 0.58 11.41 67.2 

Source: Estimated from IFPRI survey data, 1990. 

Note: Survey data were collected for 1990 or the most recent year for which data were available. 

• Mechanized vehicles include buses, minibuses, trucks, jeeps, cars, taxis, auto-rickshaws, and motorcycles. 

Table 3-Selected Indicators of lnfrastructural development in Asian and African countries, 
1990 

Region/ Percent of Villages Number of Primary Schools Number of Telephones 
Country with Electricity per 1,000 Persons per 1,000 Persons 

Africa 
Benin n.a. 0.60 0.38 
Kenya 3 0.38 15.06 
Malawi n.a. 0.33 5.86 
Senegal 4 0.31 5.01 
Tanzania n.a. 0.41 5.46 
Togo 3 0.70 5.73 
Zimbabwe 5 0.50 31.55 

Asia 
Bangladesh 12 0.40 2.71 
India 61 0.66 5.75 
Pakistan 62 0.86 8.26 
Philippines 52 0.56 15.43 
South Korea 87 0.65 267.61 

Source: Estimated from IFPRI survey data, 1990. 

Notes: n.a. is not available. Survey data were collected for 1990 or the most recent year for which data were 
available. 



4 Theoretical Concerns about the 
Impact of Infrastructure 
On a theoretical plane, economists have 

used their deductive logic to formulate hypotheses 
on the possible effects of the creation of infrastruc
ture. Development of these hypotheses is based on 
the premise that creation of an infrastructure 
generates external economies-widespread bene
fits. Then logic is applied to indicate the extent 
of this externality and to provide a framework to 

measure the directions and the net effect. The 
empirical problem of measurement of externalities 
is not a concern at this stage of theoretical devel
opment. Moreover, for the sake of convenience in 
theoretical abstraction, multidimensional problems 
are often reduced to two dimensions. Figure 1 
shows how traditional theory conceptualizes the 
effects of infrastructural development on production 

Figure 1---lnfrastructure provision and the efficiency of production 

Cost 
($) 

al----

d~-----

MC1 = marginal cost with infrastructure deficiencies 
MC2 = marginal cost with adequate infrastructure 

Ql Q2 

MCl 

MC2 

Cost savings 
with infrastructure 

Output 

Source: T. R. Lakshmanan, 'Infrastructure and Economic Transformation," in Advances in Spatial Theory and 
Dynamics, ed. A. E. Anderson et al. (New York: Elsevier, 1989). 



for a competitive market economy. In a situation 
of inadequately developed infrastructure, firms or 
farms are confronted with higher marginal cost 
(MC1) at every level of production, and, given the 
market price of their output, produce at Ql. With 
an improvement in infrastructure, the marginal 
cost curve shifts downward to the right (MC2), 
resulting in a total cost savings of area abed for 
the earlier level of output, Q1, and an increase in 
output from Q1 to Q2. 

This is a simple abstraction with a profound 
conclusion. An increase in the complexity of this 
relation, by assuming different demand and cost 
functions and aggregation problems and other 
modifications, will not alter tile central message of 
this construct that infrastructural changes can affect 
the relationships of the production function. 

The construct is indeed an extreme simplifica
tion. It does not say anything about how these 
effects are realized, how adjustments are made, 
and what time dimension is involved. In empirical 
analysis one has to dig deep into these questions 
of how and when, particularly when agricultural 
production is involved. The cost reduction occurs 
through the interaction of infrastructure with 
directly productive inputs of firms/ farms. This 
may, however, come about in a variety of ways, 
such as reduction in transaction costs, improved 
diffusion of technology, new combinations of 
outputs and inputs, better input prices, increased 
specialization and commercialization, and im
proved entrepreneurial capacity, all realized 
through infrastructural investment. 

Moreover, the construct does not say anything 
about social developments, which may produce 
effects outside the production activities of a soci
ety. For example, effects on consumption patterns, 
family planning, and health could be equally 
significant. Negative effects may also occur, as 
with possible undesirable environmental effects. 
Additional considerations include the technology 
involved in construction and maintenance and the 
effects on wage relationships, incomes, and con
sumption in the short and long terms. Empirical 
analysis of infrastructure, therefore, has to proceed 
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with open eyes and perceptive minds. 
Due to tile complexity of the functions of infra

structure and the indirect nature of its effects, 
development economists have not been as emphat
ic about infrastructure as about directly productive 
activities in agriculture and industries. Most 
models of development and numerous discrete 
studies of growth nave come up with explanations 
of growth and development that imply a strategic 
but often hidden role for infrastructure. This is 
particularly true for models that give a special role 
to agriculture. Thus, Von Thiinen's attempt to 
explain geographic variations in the intensity of 
farming systems and productivity of labor in an 
industrial country focused on urban-industrial pull 
and the critical role of transport and communica
tion systems in the strength of that pull (Von 
Thiinen [1842]1966). The pull of urban and rural 
growth centers or foci of development on the rest 
of the economy also depends on physical linkages 
through transport and communication. 

The "frontier model,'' which explains rapid 
agricultural growth in North and South America 
and Australia by the opening up of new land, has 
the transportation and communication infrastruc
tures as its central foundation (Ruttan 1984). 
Similal'ly, the "diffusion model," which formulates 
the process of technological spread in agriculture 
as a source of dramatic growth in agricultural 
production, critically depends on a number of 
physical and institutional infrastructures (Ruttan 
1984). Mellor's (1976) outline for the future eco
nomic development of India places infrastructural 
development as one of the top priorities. Mellor 
indicates that infrastructure plays a strategic role 
in producing large multiplier effects in the econo
my with agricultural growth. As agricultural 
incomes grow, consumption expenditures increase 
in rural areas, creating increased demand for 
urban goods-the multiplier effect. Hirschman's 
(1958) model of growth was specifically formulat
ed on the theme of strategic imbalance between 
social overhead capital and directly/roductive 
capital. This model will be considere in a later 
section of this paper. 



5 Empirical Studies on the Impact of 
Infrastructure 

Empirical studies on the effects of infrastruc
tural development can be classified into three 
broad groups: (1) systematic research, based on 
primary data of specific locations, that attempts to 
use rigorous methods for measuring the impact; 
(2) appraisal, evaluation, and assessment of infra
structural projects by international multilateral 
agencies, particularly the World Bank and bilateral 
donor agencies such as the U.S. Agency for Inter
national Development (USAID); and (3) books, 
articles, and papers based on secondary informa
tion, sometimes drawing on information from (1) 
and (2) but often based on deductive logic. Re
search studies (category 1) are not common, due 
to the high costs involved in cross-sectional and 
time-series data collection and the difficulties 
entailed in measurement. Appraisal and evalua
tion reports (category 2) are generally, but not 
always, the outcome of mission reports completed 
hurriedly by groups of professionals. Books, 
articles, and papers (category 3) generally meet 
their information needs from diverse sources. 

Research Studies 
Empirical studies on the effects of infrastruc

ture on production have been conducted since the 
1950s, first using cross-sectional analyses of sec
ondary data in the estimation of the aggregate 
agricultural production function and recently 
using profit functions based on duality theory. 
Most often, attention is focused on a specific type 
of infrastructure, particularly transport and elec
tricity, along with other production inputs. 

Aggregate Production Studies 

Antle's (1983) cross-sectional study of 471ess
developed countries and 19 developed countries is 
representative of such studies. It finds a strong 
positive relationship between infrastructure and 
aggregate agricultural productivity. Aggregate 
agricultural productivity in Antle's study is mea
sured as the total value of 1965 agricultural output 

converted into U.S. dollars. The exchange rate 
method (based on conversion of local currency at 
the official exchange rate) is employed because it 
is easier to use than Hayami and Ruttan's (1971) 
comparison of means method and provides more 
reliable results than the purchasing power method. 
Table 4 indicates the independent variables used 
in Antle's regression analyses. Since the infra
structure variable is measured as GDP of transpor
tation and communications industries per square 
kilometer of land area, the infrastructure variable 
is deflated by area, assuming that distance is the 
most important dimension for measurement of 
infrastructure. 

Antle (1983) specifies a Cobb-Douglas produc
tion function model, where the productivity level 
is a function of physical inputs, education, re
search, and infrastructure variables (Table 4). 
Across the total sample of 66 countries, the infra
structure variable has a "large, precisely estimated 
coefficient.. .. This provides strong support for the 
hypothesis that the transportation and communica
tion infrastructure contributes to the explanation of 
aggregate agricultural productivity across a sam
ple of more and less developed countries" (Antle 
1983). A similar result is found when only 47 
developing countries are used in the estimation. 
Principal components analysis is used, given the 
potential problems with collinearity, resulting once 
again in a positive, significant coefficient for 
infrastructure. Agricultural research also has such 
a coefficient, as shown in columns (3) and (4) in 
Table 4. The study indicates that infrastructural 
development in the form of investments in trans
port and communications industries is positively 
linked to agricultural production in both combined 
and developing-country analyses. However, the 
infrastructure variable in Antle's analysis fails to 
capture information concerning the quality of 
infrastructure and the distribution of coverage 
within a country. More important, the use of 
cross-sectional data limits inference about causa
tion or understanding of the relationships in
volved. Thus, this study raises more questions 
than it can answer. 
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Table 4-Estlmates of Cobb-Douglas aggregate agricultural production functions, 26 
developing and 17 developed countries, 1965 

Least Squares Estimates 
LDC and 

Princi(lal Com(lonents 
LDC 

Variable 

Land 

Labor 

Uvestock 

Fertilizer 

Education 

Research 

infrastructure 

R• 
SE 
K, 

Unit 

Land under permanent crops 
and pastures 

Economically active population 
In agriculture 

Weighted sum of livestock• 

Consumption of fertilizers (N-P-K) 

Primary and secondary schooling 
ratios, average 1955-65 

Number of agricultural research 
publications 

GDP of transport and communication 
Industries per square kilometer of 
land area 

DC Sample 
(1) 

(N- 43) 

.195 
(2.11) 

.355 
(5.69) 

.158 
(1.45) 

.046 
(.58) 

.274 
(1.06) 

.130 
(2.15) 

.197 
(2.58) 

.921 

.409 

LDC 
Sample 

(2) 

(N - 26) 

.115 
(.80) 

.318 
(3.30) 

.035 
(1.77) 

-.014 
(-.10) 

.066 
(.22) 

.095 
(1.18) 

.371 
(2.25) 

.921 

.436 

LDC and 
DC Sample Sample 

(3) (4) 

(N - 43) (N - 26) 

.162 .439 
(1.77) (11.28) 

.384 .189 
(7.45) (3.92) 

.141 .037 
(1.30) (0.58) 

.068 .136 
(0.85) (1.88) 

.252 -.137 
(.98) (-.55) 

.168 .106 
(2.93) (2.90) 

.213 .265 
(2.85) (4.88) 

.909 .879 

.427 .490 
2 4 

Source: J. AnUe, 'Infrastructure and Aggregate Agricultural Productivity: International Evidence," Economic 
Development and Cultural Change 31 (April 1983): 609-619. 

Note: LDC is less-developed countries; DC is developed countries. !-statistics are in parentheses. SE is 
standard errors. K, is the number of principal components deleted from the analysis. Article lists of 
the countries used in each sample. 

• Derived from Y. Hayami and V. Ruttan, Agricultural Development: An International Perspective (Baltimore: 
Johns Hopkins University Press, 1971). 

The aggregate agricultural supply and input 
demand functions estimated by Binswanger et a!. 
(1987) are based on more extensive information 
than Antle's analysis. The annual data (1969-78) of 
58 countries were collected and estimations were 
reported for cross-country analyses and within
country time-series analyses. Table 5 indicates the 
factors included in that study that are considered 
to affect agricultural output supply and the de-

mand for various physical production inputs, as 
well as public-sector investments and endowments. 
Two variables relate to transport. The first, road 
density, is measured by the total length of roads 
divided by the land area in agriculture and forest
ry; it is similar to Antle's road variable. The second 
variable, percentage of roads paved, attempts to 
capture the quality of existing roads. These two 
variables, along with irrigation and human capital, 
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Table 5-0utput supply and input demand functions for 58 countries, pooled country analysis, 
1969-78 

Aggregate Crop Crop Crop Uvestock Fertilizer Tractor 
Variable Output Output Area Yield Output Demand Demand 

Prices 

Aggregate output --{).362 0.921 --{).821 
(4.5} (8.9} (6.2) 

Crop output --{).299 --{).354 --{).136 --{).409 
(4.5} (4.8} (2.1} (3.1} 

Uvestock price 0.148 0.008 0.342 --{).349 
(2.7) (0.1) (4.8} (2.7} 

Fertilizer price --{).099 0.151 0.013 --{).005 --{).267 --{).437 --{).161 
(2.1) (3.3} (2.6} (0.2) (4.2} (11.4) (1.7} 

Urban wages 0.032 --{).09 --{).113 0.003 0.465 0.248 0.462 
(0.6) (2.0} (2.2) (0.1) (7.2) (15.9} (5.4) 

Capital 

Irrigation 0.899 1.347 0.349 0.759 0.94 0.719 --{).321 
(5.1) (12.4) (1.9} (6.0) (3.9) (5.3) (1.0) 

Road density 0.359 0.265 0.108 0.172 0.385 0.239 0.185 
(1 0.8) (8.6} (3.1) (7.8) (8.6) (14.3} (5.8) 

Roads paved 0.9 0.984 0.573 0.254 0.482 0.655 0.656 
(10.5) (12.2) (6.1} (5.2} (4.0} (6.1} (4.1} 

Life expectancy 1.703 1.976 3.344 -1.144 3.373 3.395 11.038 
(4.5) (5.2} (8.2) (4.0) (6.5) (5.4) (13.8) 

Adult literacy --{).048 --{).463 -1.641 1.274 --{).078 0.113 -2.406 
(0.2) (2.0) (6.6) (7.3} (0.2} (0.3) (5.4) 

Research --{).063 --{).028 --{).091 0.054 --{).137 0.27 0.158 
(2.5} (1.1} (3.4) (3.1} (4.0} (29.1} (12.1} 

Extension --{).125 --{).152 --{).077 --{).064 --{).114 --{).036 --{).053 
(5) (6.4) (2.8) (3.9) (3.2) (0.4) (4.6) 

Gross domestic 0.050 0.013 --{).12 0.113 0.066 --{).008 --{).135 
product (3.3) (1.4) (8.1) (10.7} (3.2} (0.4} {4.6} 

Rural population 0.359 0.265 0.108 0.172 0.385 0.239 0.185 
density {1 0.8) (8.6} (3.1) (7.8) (8.6) {14.3) (5.8) 

Agroclimatic 0.057 0.094 0.013 0.079 0.006 0.021 --{).106 
potential (MPDM)' (2.4} (5.1) (0.548} (4.5) (0.2} (1.0} {2.3) 

R2 ordinary 
least squares 0.8915 0.8917 0.8126 0.6986 0.8511 0.8317 0.8234 

R2 principal 
component' 0.8913 0.8902 0.8113 0.6958 0.8510 0.8293 0.8216 

Statistical rank' 12 9 12 11 13 8 10 

(continued} 
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Table 5-Continued 

Source: H. Binswanger et al., "On the Determinants of Cross-country Aggregate Agricultural Supply," Journal 
ofEconometrics36 (no.1, 1987): 111-131. 

Notes: Irrigation, paved roads, and adult literacy are ratios expressed as percentages. The coefficients in 
the table are 100 times the estimates. All other variables are measured in logs, and the entries in 
the table are elasticities. The original table contained only positive values for the !-statistics reported. 

• MPDM Is a measurement of potential dry matter production, based on photosynthesis capacity, moisture, and 
soil types. It is country-specific and does not vary over time. 

'R2 for the principal components was derived using the sum of squares residuals : 1-(SS residuals/SS total). 

' The statistical rank is the number of quantitative variables (excluding dummies) less the maximum number 
of homogeneous restrictions that can be imposed at the 10 percent level of significance on the coefficients of 
the quantitative variables. 

are the "shifters." The aggregate and crop produc
tion functions estimated demonstrate significant 
and positive coefficients for the two road variables 
in the pooled country analysis, as shown in Table 
5, as well as in the within-country analysis. The 
input demand functions for tractors and fertilizers 
also demonstrate significant positive coefficients 
for those road variables. More specifically, the 
elasticity of fertilizer demand with respect to road 
density in the pooled sample indicates that a 10 
percent increase in road density results in a 2.4 
percent increase in fertilizer demand. The price 
variables in those demand functions are found to 
be much less important than the shifter variables 
of roads, irrigation, and human capital. The with
in-country study found that the elasticity of crop 
production with respect to road density was 0.10; 
for the pooled analysis, that elasticity was 0.265 
(fable 5). Roads are shown to "have contributed 
directly 7 percent each to the growth of agricultur
al output and fertilizer use over the 1971 to 1981 
period" (Binswanger et al. 1987). 

In general, the road density and pavement 
variables account for most of the country effects in 
the pooled estimates, leaving the analyst to won
der whether such variables are capturing other 
country attributes as well. The shifter variables, 
including road density and pavement, are taken as 
exogenous in this and most other studies, and 
further research is necessary to understand the 
supply response and demand for such public
sector in puts. 

Village-Level Studies 

The two previous studies used country-level 
data to determine aggregate production functions 

and input supply functions. In contrast, the study 
by Barnes and Binswanger (1986) analyzes Indian 
data from 108 villages for the period 1966-80 to 
determine the effects of rural electrification and 
infrastructure on agricultural productivity and input 
use. Agricultural productivity increases are hypoth
esized to result from rural electrification through 
irrigation improvements with electric pumpsets, in 
addition to other improvements in processing and 
technology transfer. As with the Binswanger et al. 
1987 study, the use of panel data enhances an 
analysis of causal relationships, which cannot be 
completed with cross-sectional data alone. 

The factors included by Barnes and 
Binswanger are detailed in Table 6. In order to 
understand the relationship between exogenous 
factors (infrastructure, human capital, and so 
forth) and the dependent variables (such as pump 
and well irrigation, multiple cropping), two types 
of regression techniques are used: ordinary least 
squares (OLS) and principal components (PC). The 
regression analyses determine that population is 
the main deciding factor among village demo
graphic characteristics for the location of infra
structure (banks, schools, agricultural services, 
transport) and markets. Rural electrification has a 
direct positive effect on well irrigation and multi
ple cropping, although the effect on total irrigation 
is weak (fable 6). Proximity to transportation is 
negatively related to irrigation variables, while 
presence of markets has a positive relation to 
irrigation. 

The results of the study also indicate that the 
growth of rural grain mills was stimulated by the 
availability of electricity, both through the use of 
electricity in mill operation and through the in
creased agricultural production due to irrigation. 
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Table 6-Change In Irrigation, multiple cropping, and rural infrastructure, ordinary least 
squares (OLS) and principal components (PC) regressions, India, 1966-80 

De(lendent Variable 
Total Electric Pum(ls Total Well Irrigation Multi(lle CrO(l(ling 

OLS PC OLS PC OLS PC 
Independent Variable (1) (2) (3) (4) (5) (6) 

Intercept 1.97 4.43 53.41 97.92 20.39 15.29 
(0.73) 0 (1.71) 0 (2.82) 0 

Population 0.07 0.15 -1.81 --{),35 0.60 0.94 
(0.23) (2.04) (0.47) (0.15) (0.67) (1.59) 

Uteracy (percent) --{).09 --{),18 --{).44 -2.12 --{),22 --{),34 
(0.89) (3.55) (0.35) (2.45) (0.79) (2.99) 

Proximity to 

Middle and secondary schools --{),86 --{).06 -12.48 -16.78 --4.12 -2.28 
(1.36) (0.94) (1.65) (5.58) (2.40) (1.80) 

Bank 2.12 2.07 5.26 12.29 2.33 4.61 
(1.86) (3.62) (0.39) (1.89) (0.77) (4.14) 

Agricultural services 1.17 1.09 -2.80 9.01 0.44 0.03 
(1.70) (3.27) (0.34) (2.14) (0.24) (0.07) 

Transportation 0.23 --{),44 -1.36 -9.98 --3.82 --4.26 
(0.40) (3.06) (0.19) (3.87) (2.41) (3.16) 

Mass media -1.00 0.79 1.04 --3.98 4.65 3.50 
(2.02) (2.93) (0.17) (4.57) (3.49) (4.14) 

Markets 1.67 1.12 13.61 15.45 1.19 1.28 
(2.77) (2.85) (1.82) (4.78) (0.73) (3.65) 

Years since electrification 1.40 0.27 -1.02 1.16 --3.29 0.08 
(2.62) (4.71) (0.15) (1.77) (2.28) (1.61) 

(Years since electrification)• --{).03 O.Q1 0.21 0.09 0.04 0.009 
(1.78) (5.07) (1.01) (3.89) (1.02) (3.86) 

Election year x rainfall --{).0001 0.0001 --{).0007 --{),0004 0.001 --{),00009 
(0.27) (2.16) (0.16) (0.52) (1.24) (4.06) 

Electric pumps in village 3.22 3.95 
(2.41) (5.49) 

Diesel pumps in village 5.43 4.01 
(7.01) (6.53) 

R• 0.35 0.23 0.48 0.39 0.28 0.15 

F-Statistic 3.93 5.70 2.87 

Number of cases 91 91 91 91 91 91 

Statistical rank 2 4 2 

(continued) 
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Table 6--Contlnued 

Dependent Variable 
Total Electric Pumps 

OLS PC 
Total Well Irrigation 
OLS PC 

Multiple Croppi'(51 
OLS P 

Independent Variable (1) (2) (3) (4) (5) (6) 

Derivative of years 
since electrification 

Minimum (0 years) 

Mean (7.4 years) 

Maximum (15 years) 

1.52 
(3.60) 

1.06 
(4.85) 

0.59 
(2.62) 

0.42 -1.88 
(3.52) (0.35) 

0.50 1.29 
(3.97) (0.44) 

0.78 4.53 
(4.23) (1.58) 

0.69 -1.78 -0.03 
(0.46) (1.56) (0.59) 

2.10 -1.07 0.10 
(1.15) (1.88) (1.48) 

3.55 -0.34 0.24 
(1.63) (1.55) (2.48) 

Source: D.F. Barnes and H.P. Binswanger, "Impact of Rural Electrification and Infrastructure on Agricultural 
Changes, 1966-1980," Economic and Political Week/y21 (January 1986). 

Notes: Coefficients are unstandardized b's, rather than elasticities in log forms. !-statistics are in 
parentheses. 

Adoption of agricultural innovations seems to in
crease with the arrival of electricity and then 
diminish in the typical S-shaped curve for adop
tion of innovation. The location of banks, influ
enced by the presence of infrastructure, in turn 
has a significant impact on the number of grain 
mills, but the presence of banks is not directly 
associated with agricultural innovations and 
services (Barnes and Binswanger 1986). School 
variables are positively associated with grain mills 
and agricultural innovations, indicating a relation
ship between an educated labor force and im
proved agricultural production, other researchers 
have also noticed. The coefficients of each regres
sion are reported as unstandardized coefficients, 
rather than in elasticity form, which hinders 
comparison with other studies. 

In another study of India, Binswanger, 
Khandker, and Rosenzweig (1989) seek to under
stand the response of agricultural investment and 
output to the actions of farmers, government 
agencies, and banks. The analysis uses district
level, time-series, cross-section data from 85 
districts in 17 states, covering the period 1960/61-
1981/82. Government infrastructure variables are 
canal irrigation, primary schools, rural electrifica
tion, regulated rural markets, and total road 
length. Measures of selected agroclimatic endow-

ments are developed as the exogenous variables 
that affect the size and growth of agricultural 
opportunities in a region. A model is built, using 
fixed effects methods and exogenous agroclimatic 
variables, thus incorporating the simultaneity 
problems of banks, infrastructure, and private 
agricultural investment. Interest rates are set by 
the government and so are assumed to have no 
simultaneity problem. An index of international 
commodity prices is used as an instrumental 
variable for the domestic price index. Thus, com
modity prices are considered to be exogenously 
given because India is a small country in the 
commodity market, a questionable assumption. 
For technology, a district-specific technology trend 
is entered into the model. Common time trends 
and interaction terms of all agroclimatic variables 
and time are also included. 

The analysis finds that agricultural infrastruc
ture cannot be considered an exogenous variable 
in output supply analysis because the agroclimatic 
variables are found to explain up to 41 percent of 
the variation in the infrastructure variables. 
Another aspect of the initial analysis is that 
different factors among the agroclimatic condi
tions have different effects on investment in 
roads, regulated markets, electricity, and canal 
irrigation, demonstrating the need to include a 



variety of factors rather than a single agroclimatic 
variable. 

A number of regressions are run, using both 
random effects and fixed effects methods, leading 
to numerous conclusions regarding infrastructure, 
inputs, and aggregate supplies, some of which are 
given in Table 7. A fixed effects model of fertilizer 
demand indicates that a 10 percent increase in 
roads (measured as total road length) results in a 
2.2 percent increase in fertilizer demand. "Except 
for irrigation, all other infrastructure variables 
affect aggregate crop output positively .... Quantita
tively the effects of primary schools and roads are 
the largest, with elasticities of 0.34 and 0.20 respec
tively" (Binswanger, Khandker, and Rosenzweig 
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1989). Seven percent of the growth in aggregate 
output and 7 percent in fertilizer use can be 
directly attributed to road investments, in addition 
to indirect contributions through the attraction of 
banks to areas with improved roads. Growth in 
fixed irrigation investments can be directly attrib
uted to electrification investments, increasing 
aggregate output by about 2 percent (Binswanger, 
Khandker, and Rosenzweig 1989). This study, with 
its combination of random and fixed effects analy
ses, contributes to greater understanding of the 
interrelationships between infrastructure and 
agricultural production. However, because it is in 
aggregate numbers, it is unable to shed light on 
individual farmer decisions. 

Table 7--Contrlbutions of different factors to growth of dependent variables, village-level 
study, India, 1971-81 

De~endent Variables 
Independent (Indicator) Variable Output Fertilizer Pump 

Aggregate real price index 0.230* 0.025 -0.026 

Real price of fertilizer -0.009* -0.040* -0.025 

Real urban wage 0.008** 0.016** -0.117 

Interest rate 0.001 0.023 -0.018 

Road length (1 ,000 kilometers per square kilometer) 0.067* 0.065* 0.040 

Canal irrigation (1 ,000 hectares per square kilometer) 0.004 0.008 -0.008 

Primary schools (villages per 1 0 sqare kilometers) 0.080* 0.304* -0.171 

Rural electrification (number of villages 
electrified per 10 square kilometers) 0.021* 0.048** 0.281* 

Commercial banks per 1 o square kilometers 0.026* 0.229* 0.408* 

Regulated markets per 10 square kilometers 0.044* 0.173* -0.023 

Growth explained by all factors 0.265 0.849 0.341 

Actual growth 0.239 0.729 -0.081 

Source: H. Binswanger, S. Khandker, and M. Rosenzweig. 1989. How Infrastructure and Financial Institutions 
Affect Agricuftural Output and Investment in India. World Bank Working Paper Series 163 
(Washington, D.C.: World Bank). 

*Significant at the 10 percent level or better (two-tail I-test). 

** Significant at the 10 percent level or better (one-tail !-test). 



Farm-Level Studies 

Evenson (1986) provides another approach, 
which attempts to develop a model of agricultural 
production at the farm level. He uses a profits 
function incorporating profits maximization with 
production efficiency on regional "average farm" 
data for the Philipfines from 1948 to 1984 to 
estimate the effect o public investments on farm
level output supply and input demand. The 
explanatory variaoles include roads, measured in 
miles per 1,000 arable hectares, and rural electrifi
cation, measured as the percentage of rural barrios 
(neighborhoods) with electricity. The dependent 
variables are all expressed as indices, so that the 
actual values are not as important as the elastici
ties reported in Table 8. Roads are found to have 
a significantly positive effect on aggregate output 
per farm, as well as a positive effect on input use, 
especially fertilizer. The output elasticity indicates 
that a 10 percent increase in roads would result in 
an increase in output of about 3 percent, holding 
land quantities constant (Evenson 1986). Much of 
that output increase would be generated through 
the increase in fertilizer use, which has an elastici
ty of 0.44 with respect to roads. The negative 
output elasticity with respect to rural electrifica
tion remains an enigma, which the author attri
butes to reverse causality with farm productivity 
levels. In general, this study represents an initial 
effort to use the duality-based profits function ap
proach. The difficulties inherent in this approach, 
with its extensive data and computational needs, 
are demonstrated by this study. 

A recent study in Bangladesh by Ahmed and 
Hossain (1990) offers new evidence of the impor
tance of rural infrastructure for farm-level produc
tion and consumption decisions. That report 
analyzes the role of various types of rural infra
structure, including means of transport, communi
cations, education, and markets, in the agricultural 
development of Bangladesh. Micro-level cross
sectional data are used to derive an infrastructure 
index for villages, which is then used in conjunc
tion with data on target variables, including 
agricultural production, labor and goods markets, 
income, and savings. The infrastructure index is 
defined as a combination of distance and cost of 
travel to various services, such as banks, second
ary schools, post offices, and markets, thus incor
porating accessibility to services, not just the 
existence of the services. The study design neutral
izes the effect of agro-ecological factors through 
the sampling procedure. 

Correlation and regression analyses are con
ducted on farm production and consumption 
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variables, based on the infrastructure index 
(Ahmed and Hossain 1990). Fertilizer prices were 
14 percent lower in villages with better access to 
services. The use of fertilizer was greater in infra
structurally developed villages (150 kilograms per 
hectare) than in less-developed villages (78 kilo
grams per hectare) (Table 9). Developed villages 
had 42 percent of land under irrigation and 42 
percent under HYVs compared with 21 percent 
and 25 percent, respectively, in underdeveloped 
villages. Gross agricultural production increased 
from 31 to 42 percent due to infrastructure devel
opment, and individual farmers in more developed 
villages produced greater quantities of paddy for 
marketing. The average amount of paddy marketed 
was 36 percent higher per household in infrastruc
turally developed villages. There was also de
creased variation in prices from one location to 
another for paddy and milled rice. Paddy prices 
immediately after harvest averaged 7.7 percent 
higher in the more infrastructurally developed 
viflages than in the less developed ones. 

The effects on employment of infrastructure in 
the Ahmed and Hossain 1990 study are varied. 
Rural wages were 12 percent higher in villages 
with more developed infrastructure than in less
developed villages in Bangladesh. Increase in 
wage income due to infrastructural improvement 
was found to be very high. The effect on con
sumption patterns was also interesting. The pro
pensity to consume cereals was lower in devel
oped than in underdeveloped villages at the same 
income level. This study recognizes the interrela
tionship between different types of infrastructure 
and sacrifices analysis of individual types of 
infrastructure to assess the combined effects. 

Studies of Electrification 

Using two case studies (India and Colombia), 
Cecelski and Glatt (1982) detail current methods 
for evaluating rural electrification projects and 
their effects on economic development, incorporat
ing both aggregate and individual producer 
information. The authors cite difficulties in deter
mining and quantifying the effects of electrifica
tion, many of which occur over time and indirect
ly. In addition, the demand for electricity is a 
derived demand; hence the benefits depend upon 
complementary investment decisions and inputs, 
including credit, transport, schools, and other 
infrastructure. 

In India, irrigation is recognized by policy
makers to be the most important rural use of 
electricity. The National Council of Applied Eco
nomic Research (cited in Cecelski and Glatt 1982) 
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Table 8-lnput demand and output supply, Philippine regional data, one output system, 1948-84 

Elasticity Labor Fertilizer Tractor Animal Labor Output Net Profit 

Wage -0.1160 0.0083 -0.0643 0.0028 -0.0930 
(2.20) (0.06) (0.34) (0.05) (0.82) 

Fertilizer price 0.0013 -0.1916 0.1647 -0.0106 0.0973 
(0.05) (1.69) (1.36) (0.40) (1.22) 

Tractor price -0.0059 0.1003 -0.0311 0.0098 0.1662 
(0.33) (1.30) (0.15) (0.54) (1.21) 

Animal wage 0.0016 -0.0394 0.0601 -0.1675 -0.3345 
(0.05) (0.40) (0.54) (2.89) (5.16) 

Output price 0.1191 0.1225 -0.1294 0.1654 0.1640 
(2.19) (0.99) (0.92) (2.20) (2.17) 

Regional research• -0.1919 1.0306 0.2806 0.0456 0.1794 0.2135 

Regional research x HYVs Neg. Pos. Neg. Neg. Neg. 
(0.50) (4.70) (4.67) (0.67) (1.63) 

National research• -0.0086 0.3527 0.0068 0.0402 0.1299 0.1189 

National research Neg. Pos. Neg. Neg. Neg. 
x regional research (4.41) (10.16) (0.95) (0.48) (1.12) 

Extension• 0.1571 0.2178 0.3472 -0.0157 0.0950 0.0158 

Regional research Pos. Neg. Neg. Neg. Pos. 
x extension (1.36) (1.53) (2.27) (0.13) (1.71) 

Land -0.7469 -0.1088 0.9852 -0.0441 0.0891 
(8.25) (0.54) (4.47) (0.37) (0.74) 

Farm size 0.3416 0.2552 -0.2530 -0.0110 0.0459 
(7.62) (2.56) (2.32) (0.19) (0.77) 

Land transfers -0.0049 0.0011 -0.0012 0.0238 0.0382 
(0.55) (0.05) (0.06) (2.00) (3.38) 

Roads 0.1432 0.4446 0.3268 0.0232 0.3171 
(2.89) (3.99) (2.71) (0.35) (4.89) 

Rural electrification 0.4163 0.2089 0.0837 -0.3000 -0.1861 
(5.47) (1.23) (0.45) (3.0) (1.83) 

High-yielding varieties• 0.0478 0.2877 0.1357 0.1200 0.0467 0.0078 

Source: R. Evenson, "Infrastructure, Output Supply and Input Demand in Philippine Agriculture: Provisional 
Estimates," Journal of Philippine Development 13 (23, 1986), p.70. 

Notes: All variables are expressed in elasticity form. The numbers in parentheses are !-statistics, which were 
all positive numbers in the original table. 

• !-statistics were not reported. 
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Table 9-Effect of infrastructure on the use of inputs, Bangladesh, 1982 

Underdeveloped Developed Percent 
Input Unit Villages Villages Difference 

Irrigation Percent of owned land 20.5 42.1 105 

Area under high- Percent of cropped area 24.5 42.0 71 
yielding varieties 

Fertilizer Kilograms of material per 
hectare of cropped land 78 150 92 

Labor Days per hectare of cropped land 115 119 4 

Source: R. Ahmed and M. Hossain, Developmental Impact of Rural Infrastructure in Bangladesh, Research 
Report 83 (Washington, D.C.: International Food Policy Research Institute, 1990). 

determined that 54 percent of the total variance in 
agricultural production in India as a whole is 
explained by irrigation. In a farm-level study of 
Uttar Pradesh and Madhya Pradesh, India, the 
electrification of tubewells resulted in a 173 percent 
increase in paddy output, due partially to a 63 
percent increase in irrigated paddy acreage, partial
ly due to increased yields with the irrigation 
technology. A shift was noted from lower quality 
grains (korra, jowar, bajra) to higher value paddy, 
wheat, and vegetable crops. Either electric or diesel 
pumps or a combination of the two enabled the 
shift from rainfed to irrigated cultivation. Small 
farmers (those with less than 2 hectares) had higher 
gains in income per hectare after electrification 
than did larger farmers (Table 10). The strength of 
these results depends upon the statistical methods 
involved, which were unfortunately not detailed. 

Studies of Rural Services 

Research conducted in India identifies the 
impact of access to rural infrastructural services 
(including all production and consumption goods 
and services) by households (Wanmali 1985). The 
measure of access is the physical distance in kilo
meters between the households and the centers 
where these services are provided. It is argued that 
the more difficult the access, the less these goods 
and services will be used. Comparing 1968 and 
1982, the study finds that the distances to these 
goods and services had decreased significantly by 
1982, while their use increased by as much as 74 
percent. The distance coefficient is calculated for 
various consumption goods and services and is 

found to be negative and significant for more than 
half of the goods and services used by households. 
Where the coefficient for distance from a service is 
negative and significant, the farther the services 
from the households, the less they were used. The 
study focuses also on the relation between settle
ment patterns and locations of services. 

Studies of Communications 

Evaluation of the effects of communications 
investment on development is the least developed 
area of research among the various types of infra
structure. Of the above studies, only Antle (1983), 
at the aggregate level, and Ahmed and Hossain 
(1990), with post offices, included communications 
as part of infrastructure. Communications analysis 
has usually been limited to a comparison of direct 
costs and receipts from service. Whether this is due 
to the idea that communications are primarily a 
consumption item, or to the difficulties inherent in 
quantifying the value of information, or to the 
problems of estimating derived demand for a new 
service is hard to say. A study in Egypt by Kamal 
(1983) is one of the few that attempts to go beyond 
financial analysis. In a sample of 146 villages from 
purely agricultural provinces, 11 socioeconomic 
indicators were examined. A set of six question
naires was developed for this cross-sectional study, 
providing information on the socioeconomic status 
of the villages, the communication structure, and 
the communication behavior at village and hamlet 
levels. The micro-level cost-benefit questionnaire 
provided data in four basic areas: business-oriented 
communication behavior of selected key individuals; 
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Table 1D-Additional income realized by pumpset and tubewell users after electrification, by 
size of holding, Madhya Pradesh and Uttar Pradesh, India, 1986 

Average Increase in Income 12er Hectare 
Size of Cultivated Holding Pench Depalpur Modinagar Chandauli 

(hectares) (Rs) 

Less than 2.0 1,136 1,176 1,563 1,250 

2.1 to 5.0 626 627 891 449 

5.1 to 10.0 349 277 1,127 293 

More than 10.0 178 114 1,429 122 

All classes 419 178 1,107 292 

Source: National Council of Applied Economic Research, Cost-Benefit Study of Selected Rural Electrification 
Schemes In Madhya Pradesh and Uttar Pradesh (New Delhi: NCAER, 1977), cited in E. Cecelski and 
S. Glatt, The Role of Rural Electrification in Development (Washington, D. C.: Resources for the 
Future, 1982). 

alternative communication behavior in hypothetical 
cases; business-oriented communication behavior in 
emergency situations; and information regarding 
evaluation of the benefits and losses involved. 

The benefits accrued to an individual from 
telephone use have four components: (1) direct 
monetary benefits; (2) time savings; (3) indirect 
monetary benefits measured by the value of losses 
avoided by emergency use of the telephone; and 
(4) indirect monetary benefits, measured by the 
efficient use of capital and capital equipment. Of 
the various sectors, the services sector contributed 
59 percent of the benefits realized at the village 
level. The trade sector contributed 14.3 percent; 
however, there were great differences between 
regions, ranging from 32.7 percent in one province 
to 9.3 percent in two other provinces. Of the trade 
benefits, direct monetary benefits and time savings 
represent almost 82 percent of the total benefits, 
while losses represent 14.7 percent. Telephone 
benefits achieved by the sector of owners of 
capital equipment, large proprietors, and liberal 
professions such as teachers and lawyers contrib
uted 20 percent to total benefits, with relatively 
high rates of return to this sector (where rates of 
return are the ratio of average net benefit to 
average telephone bill). The efficient use of cafital 
equipment accounts for almost 50 percent o the 
total benefits. Only 6 percent of total telephone
user benefits are derived from the artisan sector, 
yet the rate of return is still high. 

Kamal's study concludes that telecommunica
tions services offer high rates of return on invest
ment in telephone calls. The total population of the 
village is found to be one of the fundamental 
parameters conditioning the amount of telephone 
benefits realized, especially in the services sector. 
The availability of the appropriate telephone 
service plays an essential role in promoting use of 
the telephone service and increasing the level of 
telephone benefits, especially in the service and 
trade sectors. The benefits are determined to be 
greater as the distance from administrative centers 
grows. Finally, education plays a role in determin
ing benefits, since in each professional category, the 
higher the educational level, the greater the benefits. 

Conclusions from Studies 

The combination of studies discussed above 
indicates the breadth of research that has been 
attempted from aggregate to individual farm 
levels, using a variety of econometric techniques 
and their respective assumptions. Each study 
offers information, yet none can demonstrate the 
full dynamic effects of various types of infrastruc
ture. The majority of the studies are based in 
Asian countries. This emphasis reflects the relative 
availability of data in Asian countries, compared 
with other developing areas, and the intensive 
amount of data needed to understand the dynamic 
effects of infrastructure. 



Project Evaluations and 
Appraisal Reports 

Project appraisal and evaluation of effects have 
commonly centered on the direct, easily measured 
effects or simple proxies for those effects account
ed for in benefit-cost analysis. Table 11 indicates 
the types of analyses found in the 45 appraisals 
and evaluations sampled. These reports on trans
port, electrification (and irrigation), and integrated 
rural development rrojects were examined to 
determine the type o analysis used. The methods 
of impact assessment and the findings vary dra
matically. Integrated rural development projects 
were analyzed for their transport and power 
aspects because feeder road development and 
rural electrification distribution programs often fall 
within the context of such integrated projects. 

Of the specific projects mentioned, 29 were 
primarily transport projects (of which 26 were 
specifically roads), 10 were electrification pro
jects, 3 were integrated rural development pro
jects, 1 was an irrigation project, and 2 were 
communications projects. Regarding the types of 
analysis used in the project appraisal or evalua
tions, the majority (23 projects) used cost-benefit 
analysis, while 3 earlier projects showed only 
financial analysis. Qualitative or some other 
form of analysis was used for the remaining 15 
projects. The projects range from early 1950s 
World Bank projects to a recent USAID project in 
the Philippines: For most projects, the major 
benefits can be found in two basic categories: (1) 
user cost savings, and (2) producer-consumer 
surplus generation. 
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Early Use of User Cost Estimates 
The World Bank Mexican roads project dis

cussed by King (1967) provides an early example of 
estimation of benefits through user cost savings. 
User cost savings usually were calculated as the 
amount of time saved by the use of new facilities 
(either in transport or communications or in the use 
of electrical machines) and, for transport projects, 
the savings in vehicle operating costs through 
improved road surfaces (for example, van der Tak 
and de Weille 1969; Cobb et al. 1980; Hossain and 
Chowdhury 1984). Based on vehicle counts and esti
mates of time and vehicle maintenance savings, the 
Mexican roads project had an estimated economic 
rate of return (ERR) of 11 to 18 percent, depending 
upon the road section analyzed (King 1967). The 
project was justified durinl? the appraisal process on 
the basis of unquantified other benefits,' which, if 
measured, wou1d raise the ERR above 20 percent. 
The East African rails project (King 1967), planned 
during the same era, was also justified on the basis 
of the assumed positive externalities involved with 
defense, trade, and governmental administration, 
not the low estimated ERR of 11 percent. In contrast 
to most transport projects, electrification and tele
communication projects were evaluated for financial 
viability, based upon a comparison of revenues and 
direct financial costs. Development impacts on 
industrialization and agriculture were assumed, but 
the rate of return estimates were based solely on 
revenues, as with the Pakistan electrification project 
(Lieftinck et al. 1968). The user cost savings ap
proach was recognized as limited, but it was used 
to provide some minimal tangible evidence of 
economic impact. 

Table 11-Type of analysis used In project appraisals and evaluations 

Funding Agencl£ 
Analysis World Bank USAID Other Total 

Consumer (user) surplus 8 0 9 

Producer surplus 1 3 0 4 

Producer-consumer surplus 7 3 0 10 

Financial 3 0 0 3 

Qualitative 0 6 2 8 

Other 3 3 1 7 

Total 22 15 4 41 

Source: Compiled by the authors from various sources. 

Note: Four projects did not provide sufficient information to determine the type of analysis used. 



Producer Surplus Estimates of Benefits 

The second category of measured effects, pro
ducer surplus, can be found primarily in transport 
projects associated with agricultural investments. 
Most project evaluations completed since the mid-
1960s include assessments of the production bene
fits that producers were to obtain with enhanced 
access to markets for inputs and outputs (see 
Devres 1980 for various examples). In El Salvador, 
a World Bank roads project was estimated to have 
a benefit-cost ratio of 3:1 on the basis of increases 
in shrimp marketing and cotton production that 
were to occur due to the roads. Benefit estimations 
usually assumed that transport cost savings would 
be reflected in reduced prices for agricultural 
inputs and increased prices for outputs. Producers 
would have increased incentives for cash crop 
production. Some projects combined the user cost 
savings and the producer surplus into a single 
estimated ERR as was the case in Tunisia with a 
World Bank rural roads project (Chanmari and 
Beenhakker 1984), although the dangers of double 
counting were acknowledged. 

Variations on Benefits Estimation 

A brief look at the Devres (1980) report on 
rural road evaluations by USAID provides a long 
list of perceived effects on all aspects of human 
life. Given the mandate of USAID to provide 
assistance (USAID 1989a), in contrast to the World 
Bank's institutional need to provide loans on a 
fiscally responsible basis, the evaluations by 
USAID are not limited to the direct, measurable 
impacts found in cost-benefit analysis. The evi
dence, however, is often anecdotal or the result of 
informal interviews. In the case of the Liberia rural 
roads project, a transport economist used cost
benefit analysis-both user cost savings and 
producer surplus estimates-to compare alterna
tive construction and maintenance projections. 
ERRs were found to range from 7.9 to 23. Vehicle 
operating costs were reduced by 90 percent (Cobb 
et a!. 1980). However, the other effects found by 
Cobb et a!. were based on interviews and surveys 
asking questions about "before the road" and "after 
the road." The report detailed substantial produc
tion effects, including more extensive cash crop 
cultivation, expansion into tree crops, and higher 
farmgate prices for cash crops. Improved access to 
health care and education were cited by villagers 
as important benefits. Women noted greater in
come earning opportunities with the economy 
becoming increasingly a cash economy. Solem 
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(1989) found similar results in interviews with 
Thai villagers in an area where an integrated rural 
development program operated, including road 
and communications projects. 

In Bangladesh, Hossain and Chowdhury (1984) 
selected households in 12 villages with varying 
degrees of accessibility and agricultural develop
ment in order to analyze differences in agricultural 
production, markets, and employment that could 
be attributed to accessibility. Control areas ("with
out project" sites) with Jess access to roads and 
transport were selected. Areas that had experienced 
recent investments in roads and that were connect
ed to the road system were selected as the "with 
project" sites. Surveys were conducted at village 
and district levels and extensive traffic counts were 
recorded. In addition to the traditional user savings 
in lower transport costs and benefits due to the 
traffic generated as the result of lower costs, it 
found that complementary investments in irriga
tion, technology, and other production factors 
enabled farmers to be more price responsive in 
production. In the area where the road project had 
occurred, impacts included higher producer prices 
for outputs and lower inputs prices, greater use of 
modern inputs and correspondingly higher produc
tivity, greater cultivation intensity, and more 
frequent contact with extension officials. The use of 
control and project areas enabled the authors to 
look at the rural sector as a whole in order to 
understand the complementarity of inputs, which 
changes the benefits assessment of projects. 

Design Issues and Benefits 

An innovative rural roads project in Colombia 
paved the way for investigation into the effects of 
construction and maintenance technology. Tech
nology choices were previously considered the 
realm of engineers, rather than economists, so the 
effects of the construction and maintenance pro
cesses were ignored. The labor-intensive tech
niques employed in the Pico y Palo (axe and 
shovel) project provided substantial employment 
and training benefits to workers involved, as well 
as the transport benefits typically estimated with 
rural roads. The effects of the spread of increased 
rural incomes with construction were hypothe
sized but quantitative evidence was not presented. 

Over time the issue of distribution of personal 
and regional income related to the construction 
and maintenance of rural infrastructure has be
come a major force behind promotion of labor
intensive rural public works programs sponsored 
by the World Bank and other international lenders 



and donors. A recent report by von Braun, Teklu, 
and Webb (1991) details various examples of rural 
public works programs in Africa and elsewhere, 
indicating the special concerns and potential 
effects of such programs. Since the asset creation 
objectives of many rural works projects are only 
secondary to food relief or income-enhancing 
objectives, many of the long term effects of infra
structure creation may never be realized. The von 
Braun, Teklu, and Webb (1991) report provides 
insight into the potential trade-offs between differ
ent objectives, as well as difficulties particular to 
public works programs. It is interesting to note 
that outputs for the projects are stated in terms of 
physicaf outputs created (for example, kilometers 
of road buift and number of hectares irrigated) 
and man-days of employment-the direct, measur
able results. 

In the case of the Kenya Rural Access Roads 
Programme, research has been extensive 
(Livingstone 1986). Construction cost per kilometer 
was about 70 percent lower with labor-intensive 
construction than with conventional capital-inten
sive road construction (Table 12). Regarding em
ployment effects, the construction cost per job 
created was 75 percent less with labor-intensive 
than with conventional road building techniques 
(Livingstone 1986). Asfaw (1980) also indicates 
high benefits for the labor-intensive rural roads 
projects with an estimated ERR of more than 30 
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percent, even though the rural employment bene
fits were not directly included. 

The presence of linkage effects and many indi
rect benefits has led to the use of income and 
expenditure multipliers in benefits estimations 
(Mwase 1989). In the case of Tanzania, Mwase 
recommends the use of income multipliers of 1.5 
to capture the indirect development effects that 
transport investments generate through increased 
income for rural households. In other words, for 
every $1.00 invested in roads, the income and 
expenditures generated result in benefits of $1.50. 

The OECD Development Centre and the Inter
American Development Bank (IDB) (1989) assessed 
the direct and indirect effects of projects on low
income groups using low-income coefficients. This 
measure, called the CID, is a ratio of net benefits 
to low-income households to total private net eco
nomic benefits. From 1979-82, transport sector 
loans averaged a CID of 26.6 (over 20 projects); in 
1983-86, the CID averaged over 26 projects was 
27.7. For comparison, 45 agriculture projects 
during the 1979-82 period averaged aCID of 74.1, 
while the CID for 42 projects from 1983-86 aver
aged 48.3. During the 1979-86 period, 92 percent of 
transport projects and 7 4 percent of tile energy 
projects of the !DB were analyzed using cost
benefit analyses, compared with only 55 percent of 
agricultural projects. Thus, the projects with the 
lowest average C!Ds are also the projects with the 

Table 12-Comparison of labor-intensive construction used in the Rural Access Roads 
Programme and conventional road construction, Kenya, 1977/78 

Cost RARP' Conventional Program 

Construction cost per kilometer (K£) 2,050 7,500 

Annual maintenance cost per kilometer (K£) 120 460 

Construction cost per job created (K£) 152 760 

Capital-labor ratio 1.04 3.00 

Share of wages in total cost 49% 25-30% 

Foreign exchange component of total cost 20% 60-65% 

Source: D. Ghai, M. Godfrey, and F. Lisk, (1979), cited in I. Livingstone, Rural Development, Employment, 
and Incomes in Kenya (Aidershot, U.K.: Gower, 1986). 

Notes: K£ is Kenyan pounds. Costs are for Ministry of Works machine-intensive Class E (minor) subdistrict 
link roads, earth/gravel surfaced, averaged over widely different terrain and soil characteristics. 

• RARP is the Rural Access Roads Programme in Kenya. 



greatest percentage of loans analyzed with cost
benefit methods. As the report states, "Certainly, 
identifying low-income benefits in infrastructure 
projects is more difficult, because a greater propor
tion of gross benefits often accrue to intermediate 
rather than final users .... These projects also tend 
to exhibit one of the conditions for presence of 
indirect substitution effects, which is that price 
changes in output are possible, because project 
scale relative to the market served tends to be 
large" (OECD and !DB 1989). 

Relevant Books and Articles 
Although professionals and policymakers 

often stress the need for increasing nonfarm 
employment, particularly in rural areas, they lack 
the knowledge to do it effectively. Increasing 
production in agriculture and industry is, of 
course, the objective. But critical to employment 
generation is the strategy-the way to bring about 
production increases. That infrastructure is a 
critical element in that strategy is demonstrated in 
an International Labour Organisation study com
r.aring Taiwan, South Korea, Japan, and China 
(Saith 1986). This study finds that Korea and 
Taiwan share identical growth paths and histori
cal backgrounds but achieve quite a different 
degree of success in rural, nonfarm income and 
employment. In Taiwan about 80 percent of rural 
income is received from nonfarm sources, com
pared with less than 48 percent in Korea. Seventy 
percent of farm households in Taiwan had access 
to electricity even in 1960, compared with only 13 
percent in Korea. Density of paved roads in 
Taiwan was 76 kilometers per 1,000 square kilo
meters in 1962 and 215 kilometers in 1972, where
as road density in Korea was less than 10 kilome
ters per 1,000 square kilometers in 1966 and still 
below 50 in 1975 (Saith 1986). 

The economic growth experiences of other 
countries often provide the basis for analysis of 
policy needs. Although the economic development 
paths of the United States and Europe are different 
from the experiences of the now developing na
tions, some Hterature indicates valuable lessons as 
well as potential problems. Currently, in the 
United States, infrastructure deterioration and lack 
of funds for maintenance are important policy 
issues, as noted in Moving America (U.S. Depart
ment of Transportation 1990). Similarities between 
the developed countries and Africa can be found 
on funding issues and the maintenance of rural 
transport infrastructure. In both, funding for 
construction has been much more readily available 
on a national (and international) basis than for the 
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unglamorous task of maintenance. Until bottle
necks occur, transport infrastructure receives 
inadequate funding. 

Policymakers in recent years have focused on 
the establishment of efficient markets to enhance 
economic development. Marketing institutions are 
closely linked with the physical infrastructure that 
supplies and informs agents involved in the 
buying and selling of agricultural and industrial 
inputs and outputs. Attempts to measure the 
relative efficiency of markets as they relate to 
available infrastructure are scarce. 

In a comparison of Asian and African coun
tries, Ahmed and Rustagi (1987) examine agricul
tural goods prices in order to identify causal 
effects of market efficiency and inefficiency. Mar
keting margins are estimated to be much higher in 
Africa than in Asia, indicating possible efficiency 
problems in the African context compared with 
the Asian. Decomposition analysis of marketing 
margins for agricultural crops determine that 
transport and associated marketing costs explain 
39 percent of the difference in marketing margins 
between African and Asian countries. Thinness of 
markets and lack of transport infrastructure are 
linked to high marketing costs. 

Mittendorf and Hertag (1982), in evaluating 
marketing margins for major products in various 
countries, found wide margins for some products, 
including rice in Pakistan (the marketing margin 
was more than 50 percent of the consumer price) 
and maize flour in Kenya (more than 40 percent of 
the consumer price). Transport costs were a major 
part of the high margins in Pakistan. Further re
search by Hine and Rizet (1991) indicates that 
transport costs for road freight are up to five times 
higher in three African countries (Mali, Cameroon, 
and Cote d'Ivoire) than in Pakistan, even though 
Pakistan itself has relatively high costs. A combi
nation of import regulations on vehicles, high
quality vehicles, high speeds, and inefficient (low 
total volume) use of trucks contributes to these 
high costs, which restrict the flow of goods. Meiss
ner (1989) points to marketing as the area for the 
"second generation of green revolution" problems, 
so that increased production will be hindered by 
difficulties in the marketing channels in moving, 
processing, and trading commodities. As noted in 
Chapter 3, road densities and percentages of 
paved roads are much smaller for Africa than for 
most of Asia. 

Infrastructure development, particularly for 
transport, figures as an important factor in Latin 
American trade and integration policies. The 
Cartagena Accord of 1972 contains clauses com
mitting the Andean countries to study transport 



infrastructure. In this view, transport costs are 
understood to be implicit taxes on exports and 
imports, diminishing the overall level of trade 
while affecting the composition of trade. Studies in 
the region have sought to understand the relation
ship between value, weight, and transport costs. In 
comparison with the European Community, the 
Andean Pact countries have more than twice the 
land area with only 11 percent the length of roads 
and a commercial motor fleet only 10 percent as 
large (Cardenas Busto 1990). Given that, it is not 
surprising that the gross tonnage of cargo in the 
Andean Pact region is only 2 percent of that 
carried in the European Community. Further work 
in the trade area concerning the implicit tax 
imposed by differential transport costs is neces
sary, so that the costs are no longer considered 
exogenous in trade studies. 

The evaluation of the benefits of communica
tions investments on development is the least 
explored area of research among the various types 
of infrastructure. Telecommunications infrastruc
ture is often considered to be a consumer good 
rather than a production good; thus public policy 
views telecommunications development as low 
priority. Leff (1984) endorses the contribution of 
communications infrastructure to the development 
of efficient markets. The emergence of markets is 
seen to depend upon the costs of acquiring infor
mation (particularly prices) and the costs of nego
tiating transactions. In developing countries, price 
and other information can help markets by reduc
ing the dispersion in prices, encouraging greater 
production of both agricultural and industrial 
products. In addition, coordination of harvest and 
transport is facilitated through communications 
systems decreasing the costs of marketing. This is 
important when farmers wish to diversify into 
higher value crops like horticultural commodities, 
which tend to be highly perishable and must 
arrive at markets promptly. 

Saunders, Warford, and Wellenius (1983) pro
vide a summary of studies and theoretical litera
ture on telecommunications, which is valuable 
though now outdated. Investment in telecommu-
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nications in the early 1980s in developing coun
tries is found to be about 0.3 percent of gross 
domestic product (GDP), less than half the level of 
investment in the more developed countries. The 
lack of investment is not due to lack of demand: 
the most common problem with telecommunica
tions is the overloading of call-handling capabili
ties, and most systems have long waiting lists for 
hook-ups. It is also not due to the drain on gov
ernment financial resources since revenues cover 
investment and maintenance in most instances. 
"Were the economic efficiency aspects of develop
ment the sole goal, such evidence of market forces 
would in economic terms be sufficient to justify a 
rapid expansion of the sector" (Saunders, Warford, 
and Weflenius 1983, 14). Yet, as the authors state, 
"the review of selected literature on telecommuni
cations investment and economic development, 
which is summarized in the main body of this 
book, suggests a paucity of sound analytical 
material and relevant empirical data on which to 
base policy decisions about investment in telecom
munications.11 

A relatively recent addition to the literature 
related to infrastructure development is found in 
the urban-rural linkages documents of Cour (1990), 
Evans (1990), and others, based on the earlier 
work of Rodinelli and Ruddle (1978). Rural-urban 
linkages are defined by Evans (1990) to be "trade, 
exchange, and the flow of resources between one 
spatial component of the national economic system 
and another." Economic development in a region 
occurs through the growth in linkages between 
urban and rural markets, fostering effective de
mand for products and labor and resulting in 
increased trade and greater mobility of popula
tions. A key role in promoting rural growth is 
assigned to growth in urban effective demand. 
Transport and communications form the physical 
links necessary to facilitate the market links. Link
age of markets has been postulated by economists 
for years as a basic factor in development (see 
Mellor 1976). Current work by Evans, Cour, and 
others attempts to contribute empirical studies and 
methodologies for assessing such linkages. 



6 Issues of Resource Allocation 
to Infrastructure 

. In measuring the of impact of infrastructural 
mvestrnent, the methodological issues surface in 
full force in the process of benefit-cost analysis of 
infrastructural projects. The literature on benefit
co~! analysis is rich. The publications by Little and 
Mmlees (1974) and Dasgupta, Margulin, and Sen 
(1972) are classics. Most of the literature shows 
enormous preoccupation with the mechanics of 
valuation (for example, price, interest rate, and 
exchange rate estimation), but does not shed much 
light on the methods for identifying and measur
ing the direct and indirect benefits of infrastruc
ture. Moreover, since benefit-cost analysis is an 
extremely project-oriented approach, focusing on 
a particular element of infrastructure (transport or 
electricity or telecommunications), it often misses 
the effects of interaction among these elements. 

I~ the be~efit-cost analysis of such projects, the 
benefits attributable to a project have generally 
been measured through (1) consumer-producer 
surplus models, (2) user-cost savings models, {3) 
production functions analysis, or (4) qualitative 
assessment by users. Most of these approaches are 
geared to measurement of direct effects, while 
infrastructural projects primarily have indirect 
effects or externalities. For example, defining con
sumers' surplus as the difference between what the 
consumers are willing to pay and what they 
actually pay, and assuming a downward sloping 
demand curve with an arbitrary demand elasticity, 
Saunders, Warford, and Wellenius (1983) show 
measures of consumers' surplus as the benefit of a 
telecommunication project. But, as Jussawalla and 
Ogden (1989), as well as Mishan (1982), point out, 

It is difficult to measure demand for a service 
that is not supplied, and it is equally difficult to 
justify supplying a service where there is no 
measurable expressed demand. The situation is 
further complicated in that typically demand for 

infrastructure is a derived demand namely a 
desire for a good as an input for ar'tother fi~l 
good. Telecommunications is desired notsimply 
lor '! teleph~:lfle in the living room, but for infor
mation which can be used for rroduction or 
social purposes Gussawalla and ugden 1989). 

Identification and measurement of indirect 
effects of infrastructure have therefore remained 
the most challenging empirical tasks. Identification 
of benefits is complicated because there is no neat 
theory to tell us the direction and extent of the 
impact. Economists working at project levels 
designed the concept of "benchmark surveys" to 
compare the before-project status with the results 
after the effects are full blown.' The difference 
bet':"e.en J;>e~chmark statistics and the after-project 
statistics 1s mterpreted as the contribution of the 
~roject, assuming ~hat without a project, produc
tion and consumption would have remained static. 
Very soon the concept of "with" and "without" 
project consequences was thought to be more accu
rate than the "before" and "after" comparison of 
project effects (Adler 1987). However, the scenario 
without the project remains a counterfactual situa
tion. The a.s~ess?'en~ .of the appropriate counter
factual position IS cnhcal for correct estimation of 
benefits. How to do it is a question that has re
ceived little attention from professionals. 

The concept of "project" and "control" situa
tions is the practical approach employed by 
f"hmed and H~ssain (1990) in their study on rural 
mfrastructure m Bangladesh, discussed earlier. 
Even such a conceptual model requires supple
mental econometric models to isolate the effects of 
variables that are not related to infrastructure but 
that undergo changes over time. In essence, many 
of the econometric models cited earlier for measur
ing the effects of infrastructure can be classified 
similarly. 

1 See, for example, early studies cited in Howe and Richards 1984. 



A number of extraordinary precautions are 
necessary in using the "control and the "project" 
approach of measurement of benefits. The agro
ecological factors should be carefully incorporated 
into the study design so that these effects do not 
confuse the effects of infrastructure. Time is an 
important healer of many ills. Therefore, length of 
life of many infrastructures has to be carefully 
noted. Similarly, data from households may lack 
comparability. For example, if you ask a farmer in 
a less-developed village what price he received for 
paddy, he may quote the same figure quoted by a 
farmer in an infrastructurally developed village. 
But the farmer in the less-developed village car
ried the paddy on headload or horseback to a 
distant market-the same developed village where 
the other farmer lived and sold his paddy. In the 
former case, there is a high transportation cost 
(nonmonetary) borne by the farmer, which is not 
included in the price, while in the latter case, there 
is little or no transportation cost reflected in the 
price (Ahmed and Hossain 1990). There are nu
merous other traps that the researcher needs to 
recognize and avoid. 

Benefits, Sequencing, and 
Interaction between Infrastructures 

As mentioned earlier, studies on infrastructure 
generally focus on a particular element, either 
roads or electricity or telecommunications or 
markets. The sum of the individual effects of these 
elements would generally be different from the 
total effect realized in a similar situation because of 
their interactions. The timing or sequencing of 
investments has important policy implications in 
such cases, for example, with feeder roads and 
main highways. Few methodologies in infrastruc
ture studies appear to be geared to the task of 
constructing an infrastructure package and mea
suring the effects of the package as a whole. More
over, effects of infrastructures are often dependent 
on a country's trade and regulatory poficies. A 
road may not serve its fuiiJotential if the import 
of vehicles is restricted an regulatory measures 
stifle the growth of transportation services (Roberts 
et al. 1982; Badiane and Delgado 1992). The interac
tion of such policies and infrastructural investment 
always requires a careful examination. 

Any systematic study of the impact of infra
structure is not only methodologically complex but 
also very expensive in terms of time and money. 
On the other hand, conventional approaches are 
considered inadequate. This dilemma has pushed 
many donor agencies, policymakers, and research-
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ers to make qualitative assessments by asking 
questions of the people in a locality where an 
infrastructural investment has taken place (Solem 
1989; Butler, Poe, and Tendler 1980). Sometimes 
these qualitative assessments have been helpful in 
restoring confidence in infrastructural investment, 
but more often than not, this approach has failed 
to provide systematic guidance to policymakers. 

Making Decisions on 
Infrastructure Investment 

In public decisionmaking on infrastructure 
investment, decisionmakers confront five typical 
questions: 
1. What level of resources must be allocated to 

infrastructure or social overhead capital (SOC) 
vis-a-vis directly productive activities (DPA)? 

2. What is the least-cost technique of constructing 
an infrastructure facility? 

3. What is the most efficient sequence for locat
ing and creating various elements of infra
structure? 

4. How should the maintenance problem be han
dled once infrastructure is created? 

5. What political and institutional developments 
(such as development of local government 
institutions) are critical for the construction 
and maintenance of infrastructure, particularly 
rural infrastructure? 

The first question is a macroeconomic one, where
as the rest are microeconomic. 

Directly Productive Versus 
Social Overhead Investments 

The macroeconomic question above has been 
addressed theoretically by economists, but empiri
cal case studies on the optimal combination of 
SOC and DPA are so rare that none could be 
found. An exposition of the theoretical approach 
is presented by Hirschman in his formulation for 
his imbalanced growth theory (Hirschman 1958). 

Hirschman characterizes development as a 
gigantic jigsaw puzzle. The choice of the efficient 
sequence for fitting that puzzle together depends 
on the "pressure" an individual piece in place 
exerts upon other pieces, so that they, too, fall in 
place. Trial and error will soon lead to some 
simple rules of thumb: the time needed to fit each 
piece into place depends inversely on the number 
of contacts with pieces already in place; the larger 
the number of neighboring pieces already in 
place, the easier it is to fit in the missing pieces 



(Hirschman 1958). The principle of technical com
plementarity governs the choice of efficient devel
opment sequences. Activities should be initiated in 
such a manner that increasing the production of A 
would lead to pressure for increasing the supply of 
B. This happens when B is the beneficiary of 
external economies (technical and pecuniary) 
emanating from A. Investment in infrastructure has 
the necessary attributes for inducing growth in the 
directly productive sectors in the economy. 

Figure 2 shows the minimum-cost combina
tions of DPA and SOC that produce quantities of 
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output Ql, Q2, and Q3. Since SOC is not divisible, 
it can be produced only in discrete increments, 51, 
52, and 53. Starting from position A, an excess of 
SOC cannot directly increase output. It can only 
lower the cost of DP A and lead to production of 
Ql at position A'. A surplus of DPA, on the other 
hand, cannot substitute for SOC, but it can directly 
increase final output by producing Q2 at position 
B". B is the minimum social cost position for 
output Q2. But poor countries may be too poor to 
afford the minimum cost strategy of balanced 
growth from A to B, because such a strategy would 

Figure 2-Minlmum cost combinations of directly productive activities (DPA) and social 
overhead capital (SOC) 
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Source: P. A. Yotopoulos and J. B. Nugent, Economics of Development: Empirical investigations (New York: 
Harper and Row, 1976). 

Notes: Q is quantity of output 
S is social overhead capital 



require large endowments of entrepreneurial skills, 
precisely the factor that in Hirschman's view is in 
short supply. 

In a country plagued by deficiency of demand 
and high cost of production, a development
oriented government may do well to initiate the 
inducement mechanism by creating a surplus of 
SOC, from A to A'. This investment increases the 
demand for final output and decreases the costs of 
producing it. Increased profitability leads from A' 
to B, and the challenge-response sequence contin
ues via B' to C. 

On the other hand, in a country with a defi
ciency in supply and a vigorous private sector, the 
stimulus should start by moving from A to B". 
The shortage of SOC at this point decreases profit 
margins, and political pressure is brought to bear 
on the public sector. This brings forth an increased 
supply of SOC, with DPA costs decreasing and 
profitability increasing from B" to B, and the 
challenge-response sequence continuing from B to 
C via C''. 

Empirical Work for 
Allocation Decisions 

As indicated earlier, empirical attestation of the 
foregoing theoretical formulation has not been 
found in literature. This is believed to be a reflec
tion of a serious gap in research on infrastructure 
and its relation to production activities. Therefore, 
decisions on how much to allocate for infrastruc
tural development have remained a matter of 
judgment bordering on the act of shooting in the 
dark. One recent effort by McMillan and Amoako
Tuffour (1991) attempted to determine the demand 
for local public services, including roads, educa
tion, recreation, and health facilities, based on 
public expenditure data from rural and urban areas 
of Victoria, Australia. The approach shows some 
promise for more developed areas where land 
taxation and spending are linked and demand is 
effective for services. However, in many develop
ing countries this methodology would provide 
little guidance to policymakers. In the African 
context, Gaviria, Bindlish, and Lele (1989) have 
used road densities for needs assessment. Using 
this methodology, they compare road densities in 
areas of India during different periods of develop
ment and estimate the needs for Nigeria based on 
those Indian road densities. This assumes that the 
infrastructure needs in African development 
parallel Indian needs, with the given emphasis on 
road transport, an assumption that needs to be 
evaluated. Nevertheless, the methodology does 
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represent an improvement over the use of assess
ment tools from developed countries that rely on 
existing traffic and effective demand rather than 
potential or latent demand. Some professionals, 
drawing lessons from Hirschman's writings, have 
argued for overinvestment in infrastructure in the 
context of contemporary developing countries. The 
practice, however, of allocating resources only 
when bottlenecks and pressure for services are felt 
within the political system remains overwhelming
ly widespread (Rietveld 1989). 

The micro questions of appropriate technology, 
sequence, and location, problems of maintenance 
and institutional development at local levels, have 
received attention from those who are involved in 
project formulation and implementation. Therefore, 
the literature on these issues is mostly limited to 
evaluation and appraisal reports, as well as special 
publications of multilateral donor agencies (Cook, 
Beenhakker, and Hartwig 1985). Four conclusions 
from such reports can be summarized here. 
1. Maintenance of infrastructure is a serious 

problem in many developing countries. In 
some African countries, usable road mileage 
has shrunk dramatically due to roor mainte
nance (Addus 1989). The lack o appropriate 
priorities in the allocation of public resources 
and institutional deficiencies in maintenance 
systems, particularly at rural levels, has been 
responsible for this malaise. 

2. Benefit-cost analysis is not very helpful in 
guiding resource allocation among sectors of 
an economy. But benefit-cost analyses have 
played a constructive role in making intra
sectoral choices among various types of pro
jects, technical alternatives, and priorities. 

3. Political development, particularly democratic 
practices and decentralization of political 
power, will continue to be a necessary condi
tion for rural development and development of 
rural infrastructure. The role of this necessary 
condition is often forgotten even though it lies 
at the heart of the problem of creation of public 
assets and the maintenance of those assets. 

4. The cost of construction varies tremendously 
across geographical regions. However, esti
mates indicate that road construction and 
maintenance in Africa is less costly than simi
lar activities in Asia and Latin America. This is 
true in comparisons between labor-intensive 
road construction projects in different regions 
and comparisons of conventional, capital
intensive projects. Part of the higher cost is 
due to differences in terrain, with more rivers 
and watersheds in Asia requiring more bridges 
and costly earthworks. 



An additional conclusion can be derived from a 
recently conducted, country-level survey of the state 
of infrastructure in selected developing countries. 
Preliminary examination of the surveys indicates a 
basic lack of information available to policymakers 
concerning the condition of roads and the actual use 
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of various forms of transport for commodities and 
passengers. Inter- and intrasectoral allocation deci
sions must be based upon knowledge of current use 
and needs in transport, communications, services, 
and other sectors. The creation of this knowledge 
base requires a substantial initial investment. 



7 Summary and Conclusions 
Given the importance and wide range of 

effects of infrastructure in economic and social 
development, this review of the literature cannot 
be viewed as all-inclusive. It serves to give an idea 
of the main issues concerning the ways economists 
and others have attempted to quantify or other
wise evaluate how transport, communications, and 
electrification affect agricultural production, access 
to education and hearth services, market structure, 
and land use in development. 

Aggregate production studies all indicate that 
infrastructure variables, when included in the 
analysis, play an important part in production 
technology choices and output increases. One 
study found that a 7 percent increase in agricultur
al production during a 10-year period could be 
attributed solely to roads (Binswanger et al. 1987). 

Farm-level studies in Bangladesh show that 
farms in villages with relatively developed infra
structure use relatively greater amounts of fertiliz
er, market a higher percentage of their agricultural 
production, and have higher rural wages and 
wage income (Ahmed and Hossain 1990). Evenson 
(1986), in a study based on farms in the Philip
pines, also finds a strong relationship between 
roads and increased agricultural production. He 
concludes that a 10 percent increase in roads 
would lead to a 3 percent increase in production, 
with no changes in land cultivated. Electrification 
has been found to be important in raising farm 
incomes in India, particularly for the smaller 
farmers (NCAER 1977). Rural services tend to be 
used much more by households when they have 
easier access to them (Wanmali 1985). 

Project appraisals and evaluations often con
tain a number of positive (but occasionally nega
tive) effects with high potential rates of return. 
Project analyses are found to include user costs 
savings and producer surplus estimates. Often 
analyses are qualified with a statement concerning 
underestimation due to inability to quantify some 
benefits (King 1967). Cost benefit analyses are 
found to be limited in their ability to inform 
decisions. Deficiencies in methodological develop
ment for measuring effects is part of the r,roblem. 
The concept of "control" versus "project' effects, 
combined with some econometric analyses mea
suring the effects of autonomous factors, has 

begun to shed new light. 
Design issues with roads have brought into 

focus the value of spread (or linkage) effects of 
construction and maintenance income for local 
populations when labor-intensive technology is 
used. Public works projects have the potential to 
assist in food security directly as well as indirectly 
through the usual effects of roads (von Braun, 
Teklu, and Webb 1991), although there may be 
trade-offs between the food security objectives and 
the asset creation objectives of such projects. 
Mwase (1989) estimates income multipliers for 
transport investments that are as high as 1.5, 
indicating that an investment of $1.00 in transport 
would yield as much as $1.50 in increased income, 
based on Tanzanian data. 

In attempting to evaluate projects regarding 
their effects in income distribution, the 
Organisation for Economic Cooperation and Devel
opment (OECD) and the Inter-American Devel
opment Bank (1989) found that infrastructure 
projects rate very well. However, the project 
evaluation tools focus on cost-benefit analysis, 
much to the disadvantage of infrastructure projects, 
where the indirect benefits are rarely included. 

There are historical studies of more developed 
countries that attempt to disentangle the relation
ship between transport and development. In a 
comparison study of Taiwan and South Korea, 
differences in rural nonfarm income levels and 
employment are striking. Saith (1986) attributes the 
difference to electrification and roads. 

Recent work on trade issues and market 
integration points to limitations in transport and 
communications sectors as problems for the 
expansion of markets. High marketing costs 
reduce the potential for regional trade, and policy 
constraints on vehicle and parts imports exacer
bate the difficulties (Cardenas Busto 1990; Badiane 
and Delgado 1992). Additional work on urban 
rural linkages (Evans 1990, for example) indicates 
that the physical links, through transport and 
communications, are critical to foment the growth 
linkages between urban and rural areas. 

There are important policy issues that have not 
been adequately addressed concerning resource 
allocation to infrastructure. Difficulties with the 
measurement of indirect effects of infrastructure 



are further complicated by interactions among 
different types of infrastructure. Policymakers 
need to evaluate not only what type of infrastruc
ture to build, but also when to build it and to 
what level of quality for ea,ch type, in order to 
facilitate joint use. The sequencing of investments 
becomes critical, given the resource constraints 
that developing nations face. Empirical work on 
the allocation of resources to infrastructure is 
lagging behind this demand, however. Survey 
results indicate that policymakers in developing 
countries must base their decisions on a paucity of 
information. When combined with a lack of 
adequate analytical methods, allocation of resourc
es to infrastructure projects becomes a lottery 
game where chance pfays too large a role. Because 
of these difficulties, the pragmatic suggestion of 
Albert Hirschman in his 1958 book, Strategy of 
Economic Development, that a development-oriented 
government should create overcapacity in infra
structure seems to be sensible in the context of 
many developing countries of contemporary Asia, 
Africa, and Latin America. Nevertheless, the need 
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to develop practical tools for resource allocation 
based on objective criteria cannot be overrated. 

Systematic research on issues related to devel
opment and management of infrastructure, partic
ularly rural infrastructure, is quite thin, as this 
survey reveals, in comparison with such research 
in many other branches of development econom
ics. The contemporary thinking on development 
that is reflected in open-economy policies and 
macroeconomic reforms is often interpreted mis
takenly as inconsistent with the thrust on infra
structural development. This confusion arises 
mainly from the fact that control of public expen
diture is a central element in macroeconomic 
reforms, but increased priority to infrastructure 
generally calls for larger public expenditures. The 
area of research related to allocation of public 
resources has assumed added importance in the 
context of the market-oriented strategy of develop
ment. The degree of infrastructural development 
is in reality the critical factor determining the 
success of market-oriented sectoral and macroeco
nomic policies in the developing world. 
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