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Differences in Agricultural Research and Productivity Among 26 Countries. By
George B. Frisvold and Eugene Lomax. Resources and Technology Division,
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Abstract

Public investment in agricultural research is one of the major factors accounting for
differences in agricultural productivity among countries. Research in agriculture
measurably raises agricultural productivity. Research investment and productivity
increase as a country’s level of economic development increases. This report
examines the contribution of research and other policy factors on agricultural
productivity in 26 countries at various stages of economic development. It also
explores differences among these countries in their willingness to make public
investment in agricultural research.
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Summary

Public investment in agricultural research is one of the
major factors accounting for differences in agricultural
productivity among countries. Research in agriculture
measurably raises agricultural productivity. Research
investment and productivity increase as a country’s level of
economic development increases. This report examines
the contribution of research and other policy factors to
agricultural total factor productivity in 26 countries at
various stages of economic development. It also explores
differences among these countries in their willingness to
make public investment in agricultural research.

Growth in agricultural productivity, whether brought about
by improvements in technology, education, or market
efficiency, is vital to a country’s economic development.

It reduces the input requirements for a given level of
output, and so conserves a country’s natural resources.
Reduction in per unit costs of production also increases
international competitiveness and reduces domestic food
prices.

Agricultural productivity in developed countries (those
with per capita gross domestic product (GDP) of more
than $5,000 in 1980 constant dollars) has grown about 2
percent a year. The rate of growth has been similar in
countries in intermediate stages of development (per capita
GDP of $1,500-$5,000; for example, Spain, Argentina,
and Chile). But, in the developing countries (per capita
GDP of less than $1,500), there is little evidence of
growth since 1960.

This study shows that growth in agricultural productivity is
affected by:

® Public investment in agricultural research.
® Technical education in agricultural sciences.

® Demographic pressure (population growth) on land
resources.

e Improved infrastructure in communications and
transportation.

¢ Investment to improve land quality.
e Export orientation in agricultural input markets.

Together, these factors explain over 80 percent of the
differences in agricultural productivity among the countries
studied.

In the developing countries, too little public investment in
agricultural research takes place to compensate for such
negative effects as those of demographic pressure.
Consequently, the gap in agricultural productivity between
the richest and poorest nations continues to grow, and
many poorer nations face higher food prices and insecure
supplies of food. For that reason, continued increases in
productivity by developed countries will be necessary to
maintain the global availability of food.

Because of the importance of agricultural research, this
report also develops a model to identify those factors

which encourage or constrain public investment in such
research. The study finds that funding for agricultural

, research per farm increases as:

e The number of farms declines.

e The output per farm increases.

® The availability of trained research personnel increases.
e The area of agricultural land declines.

Also, the study examines collective action and the behavior
of interest groups to explain why research expenditures

vary positively with the absolute importance of agriculture
in an economy, but negatively with its relative importance.



Differences in Agricultural Research and
Productivity Among 26 Countries

George B. Frisvold and Eugene Lomax*

Introduction

This report has two major objectives. The first is to
examine the contribution of research and other policy
variables to agricultural total factor productivity in 26
countries at various stages of economic development. The
second is to explain differences in public investment in
agricultural research among countries. Total factor
productivity (TFP) is the ratio of output to inputs, such as
land, labor, and capital. Productivity growth reflects
improvements in technology, human capital, and market
efficiency. Economists use indexes of productivity to
make comparisons, across time, region, or industry, of the
relative efficiency of input use.

Growth in agricultural productivity serves a number of
important functions in economic development. First, by
reducing the input requirements for a given level of output,
productivity growth allows a country to conserve natural
resources. Second, reduction in per unit costs also
increases international competitiveness and reduces the
price of food (Kendrick),! a major issue in most
developing countries. Since the poor in developing
countries spend much of their income on food, the
reduction in food prices alleviates poverty and reduces
income inequality (Pinstrup-Anderson).

David Ricardo and other early classical economists
believed that demographic pressure on limited natural
resources, specifically land, continually threatened growth
in agricultural productivity. Ricardo argued that because
of population growth, diminishing returns to agricultural
production were inevitable because either (1) land of
decreasing quality would be brought into production, or (2)
more labor and capital would be applied to fixed amounts
of land. In the dynamics of the Ricardian model,
demographic pressure on limited land resources implied a
reduction in total factor productivity and an increase

in the cost of food production. Food price inflation would

* George Frisvold and Eugene Lomax are agricultural economists with
the Resources and Technology Division, Economic Research Service,
U.S. Department of Agriculture.

! Names in parentheses refer to authors cited in the References at the
end of this report.

generate pressure for higher wages, choking off capital
accumulation and growth in the economy. Working
against this tendency toward stagnation were improvements
in agricultural science and technology, which allowed the
economy to produce a given amount of food with fewer
inputs. Technological change could postpone economic
stagnation for a time, but diminishing returns to land
resources would ultimately slow economic development.

Today, Ricardo’s predictions of agricultural stagnation
appear overly pessimistic. Vast areas of land in the
Western Hemisphere, Australia, and New Zealand have
been settled and brought under modern cultivation.
Technological innovations have substituted for land, while
investments in irrigation, soil conservation, land shaping,
and consolidation have increased the effective quantity of
arable land stock in many areas. In developed countries
(those with per capita GDP of more than $5,000), the rate
of technological progress and productivity growth has
continued to outpace population pressure:on land. Even
among countries at middle stages of development (per
capita GDP of between $1,500 and $5,000), Kawagoe and
Hayami found steady increases in total factor productivity
between 1960 and 1980. Despite such gains by middle-
stage countries, Kawagoe and Hayami report that "no sign
of significant absolute gain in total productivity of less
developed countries for the past two decades is evident"
(p. 91). Moreover, the findings of these authors suggest
that productivity has declined in many developing countries
(those countries with per capita GDP of less than $1,500).
The possibility that a number of developing countries are
caught in a Ricardian trap has alarming implications for
the rural poor of those countries. It is crucial, therefore,
to identify specific factors that significantly contribute to
the growth of productivity.

One such factor, frequently cited in the economics
literature, is the development of improved technologies
through public investment in agricultural research. Studies
of various types of public research have consistently found
that the rates of return on this type of investment are
relatively high. Although such studies give only rough

" approximations, annual rates of return of 30-50 percent are

quite common (Pinstrup-Anderson). These rates are
higher than market interest rates and the rates of returns



for other public investments, suggesting that there is an
overall underinvestment in public agricultural research.

It would be useful, therefore, to identify those factors
which either encourage or constrain investment in
agricultural research. This report examines productivity
differences among countries for the years 1970 and 1980.
A total factor productivity index is constructed as a ratio of
an index of total agricultural output to an index of total
input. The results of statistical analysis of the
determinants of agricultural productivity suggest that the
main factors that explain cross-country productivity
differences are:

e Public research investment.

o Technical education in agricultural sciences.

¢ Demographic pressure on land resources.

e Communications and transportation infrastructure.
¢ Investment in land expansion/improvement.

e Trade orientation of agricultural input markets.

The report also develops a conceptual supply and demand
model for agricultural research. The model is used to
derive an expenditure equation for public agricultural
research, following the approach of Huffman and
Miranowski, and Judd and others (1986). The effective
demand for research depends on the willingness of
agricultural interest groups to lobby for increased research
funding. Some major findings are that agricultural
research funding per farm increases when:

¢ The number of farms decreases.

e Output per farm increases.

o The availability of agricultural scientists increases.
e Agricultural land area declines.

Land expansion (through irrigation projects and other
investments) and scientific research, as methods of
increasing agricultural output, compete with each other for
limited government funds. Countries that can cheaply
increase their output through land expansion invest less in
scientific research. Conversely, countries with a binding
land constraint are induced to invest more in research and
development of new technologies.

The ability to carry out research projects depends crucially
on the availability of personnel trained in agricultural
sciences. Shortages of such trained personnel are

particularly acute in developing countries. This suggests
that the research potential of the poorer nations may be
greatly enhanced by improving domestic agricultural
education programs and by providing incentives. for
repatriation of agricultural scientists educated abroad.

Sources of Productivity Differences
Among Countries

In the following section, a total factor productivity index is
derived for selected countries. Factors explaining
productivity differences among countries are discussed and
econometrically estimated.

A Total Factor Productivity Index

Following Hayami and Ruttan, we assume the existence of
an intercountry or "meta-" production function which
relates the i country’s output, Q, in a given year, t, to
levels of the following inputs: land (A), labor (L),
machinery (M), fertilizers (F), and livestock (S), which
gives us:

(1) Qil = Eil.F(Ail’LiUMiUFiUSiL)’

where F is a standard neoclassical production function and
E, is an index of total factor productivity. Each E is an
indicator of how efficiently a country can use a given set
of inputs at a particular time. An increase in the value of
E due, for example, to technological advance means that a
country can obtain more output from a given level of
inputs than it could have done previously. An assumption
is made that the function F(A,,L;,M;,F;,S,) takes on a
constant returns to scale, Cobb-Douglas form, so that:

(2) F = Aﬂi( L‘it M’i( Fsit S"il’

where the terms a, B, 7, §, and 7 are constant output
elasticities. By rearranging equation (1), the total factor
productivity (TFP) index for country i at time t is then
expressed as a ratio of an output index to a weighted
geometric average of inputs:

(3) Eit = Q/(A% L% M7, F% S").

Kawagoe and Hayami used econometric estimates of output
elasticities from previous empirical studies to construct a
cross-country TFP index using the weighting scheme:

o = 0.45,8 = 0.10, y = 0.20, 6 = 0.15, and n = 0.10.
For the present study, we employ the same weights to
construct a TFP index for 26 countries for the years 1970
and 1980. Data for the input and output variables come
from Hayami and Ruttan, appendix A.



The productivity indexes E; are presented in table 1.
Countries are categorized by stage of development, where
developing countries are those countries with a per capita
GDP of less than $1,500 and developed countries are those
with a per capita GDP of over $5,000. The countries in
the middle stage of development are those with
intermediate per capita GDP’s. The productivity levels are
normalized so that the U.S. TFP equals 100 for 1980. To
partially control for periodic fluctuations due to such
factors as weather, Hayami and Ruttan constructed their
1970 values as averages of data from 1967 to 1972 and the
1980 values as averages from 1975 to 1980.

The developing countries, as shown in table 1, experienced
negative productivity growth between 1970 and 1980, with
the notable exception of the Philippines, which posted a
rate of growth double that of Japan for the same period.
Note also in table 1 that although Mexico is semi-
industrialized, its agricultural productivity is very low.
However, Mexico did experience a small productivity
increase. Also, the Philippines and Mexico have been the
focuses of research and development of Green Revolution
technologies for rice and for wheat, respectively.

Table 1--Indexes and average annual growth rates of agricultural total factor productivity for selected
countries by stage of development, 1970 and 1980

Total factor productivity level

Average annual

growth rate,

Country 1970 19802 1970-80
Index Percent

Developed:
Australia 61.67 79.83 2.61
Austria 51.65 63.57 2.10
Belgium 83.25 106.48 2.49
Canada 70.53 82.24 1.55
France 59.97 73.20 2.01
West Germany 63.21 74.88 1.71
Japan 48.03 51.10 .62
Netherlands 69.91 95.94 3.22
New Zealand 89.77 95.80 .65
Norway 49.89 54.78 .94
Sweden 64.33 75.72 1.64
Switzerland 57.00 73.59 2.59
United Kingdom 63.59 73.74 1.49
United States 75.27 100.00 2.88

Middle stage:

Argentina 59.49 74.54 2.28
Chile 28.24 31.87 1.22
Ireland 34.26 43.95 2.52
Israel 94.50 113.30 1.83
Mexico 17.66 18.21 31
Spain 40.34 59.76 4.01
Venezuela 29.26 30.82 .52

Developing:
Egypt 30.72 29.09 -.54
India 17.89 15.93 -1.15
Pakistan 18.95 16.40 -1.43
Peru 33.10 25.27 -2.66
Philippines 28.48 32.73 1.40

'1967-72 averages.
21975-80 averages.



Factors Affecting Agricultural Productivity

The TFP measure E, is not a fixed parameter. Rather, it
is a function of a country’s resource endowments as well
as the level of investment in agricultural research,
education, infrastructure, and technological knowledge
borrowed from other countries. The relationship can be
expressed as follows: %

(4) E = [demographic pressure, land expansion,
research, education, infrastructure,
technology transfer].

Demographic Pressure

Yamada has identified three phases of economic
development. In phase I, expansion of agricultural land
outpaces the growth of the agricultural labor force, and the
land/labor ratio increases as the number of agricultural
laborers increases. Developing countries with extensive
land frontiers, such as Thailand or Brazil in the 1950’s and
the United States in the last century, are representative of
phase I countries.

Demographic pressure characterizes phase II countries,
which face decreasing land/labor ratios in agriculture due
to increased population growth and a relatively closed land
frontier. Phase III countries are characterized by a falling
absolute level of agricultural workers and by a rising
land/labor ratio, brought about by farm mechanization and
by the movement of the labor force out of agriculture and
into industry.

Table 2 presents indicators of demographic pressure for
selected countries. The developing countries and Mexico
are phase II countries, while the other middle-stage
countries and the developed nations have moved on to
phase III. The general tendency among phase III countries
is to show a decrease in the number of farms and an
increase in the average size of farms. Among phase II
countries, however, this tendency is reversed. Population
pressure in phase II implies increased fragmentation of
holdings as the number of farms increases and land per
farm decreases.

Land Infrastructure

The stock of arable land can be increased and improved
through public investment in irrigation, soil conservation,
and other measures. Such investment relaxes the resource
constraint on agricultural productivity. Moreover, in
developing countries, the increased yield potential of
improved seed varieties requires the reliable and controlled
use of irrigation. Thus, investment in land quality
complements investment in new agricultural technologies.
The Food and Agriculture Organization (FAO) of the

United Nations has estimated that land expansion will
account for over 25 percent of the growth of agricultural
output by the year 2000.

Research and Education

The ability of a country to develop and encourage adoption
of new technologies is directly related to public investment
in"agricultural research and education. Table 3 presents
cross-country comparisons of agricultural research and
education. The stock of research knowledge may be
approximated by the past decade’s average of research
investment. The research stock per farm may then be
interpreted as an indicator of research intensity. Not only
is research intensity higher among developed countries
than among those still developing, but it is also growing at
a faster rate. The same pattern holds with respect to
agricultural education. The number of agricultural
graduates per farmworker is also greater and is increasing
faster in developed countries than in the still-developing
ones.

Transportation and Communications Infrastructure

Following Antle (1984), infrastructure is here defined as
"capital which has an effect on the cost of transportation
and communication services" (p. 166). Reduction in
transport costs improves the flow of agricultural inputs and
outputs. Also, it improves extension contact. Improved
communications, as well, increase farmers’ information
about new technologies and economic trends that can affect
their management decisions.

Technological Borrowing and Agricultural Input Markets

The successful transfer of modern technologies from
developed to still-developing countries has often been cited
as a key to the economic development of the latter. A
country may be thought of as having three methods of
obtaining advanced technologies (Evenson and
Binswanger). The first is-direct transfer, achieved by the
direct importation of modern agricultural inputs. The
second is to modify imported technologies to suit local
conditions through adaptive research. Finally, countries
can undertake their own indigenous research programs.

Many developing countries rely heavily on the direct
transfer of technologies through the importation of
agricultural inputs. Evenson and Binswanger note that
extreme dependence on imports may lower agricultural
productivity. Imported technologies are often more suited
to the resource endowments and production conditions of
the country of origin than to those of the importing
country. For example, capital-intensive technologies
developed for agriculture in colder climates may be less



efficient in tropical agricultural regions of labor-abundant
countries.

Dependence on imports is further increased in developing
countries by the overvaluation of domestic currency, which
makes imports relatively cheap. This type of market
distortion can discourage indigenous research programs in
favor of direct imports of technology and adaptive
research, leading to a suboptimal allocation of research
resources. Supply uncertainty, difficulty in obtaining spare
parts, and monopoly control by trading companies can also
lessen the gains of direct technology transfer.

This does not mean that developing countries do not obtain
longrun benefits from direct technology transfer.

However, heavy dependence on importation of inputs may
be the sign of weak internal development of agricultural
input industries and of market distortions. Such factors
are fundamental barriers to productivity growth.

Several factors lead us to expect that a nation that pursues
a strategy of expanding its exports in agricultural input
markets can indirectly improve the productivity of its
farms. First, international competition induces suppliers of
inputs to develop improved technologies (Feder). This is

Table 2--Average annual growth rates of number of farms, land per farm, and land-labor ratios for selected

countries by stage of development, 1970-80

Number Agricultural Land-labor
Country of farms land per farm ratio
Percent
Developed: :
Australia -1.14 1.13 2.00
Austria -.43 -.19 3.17
Belgium -3.82 2.88 3.92
Canada -1.43 1.53 3.87
France -2.27 2.12 3.53
West Germany -2.89 2.70 2.88
Japan -1.38 .82 3.70
Netherlands -2.54 1.83 1.79
New Zealand 1.03 -.36 .57
Norway -1.97 1.42 .82
Sweden -2.69 2.70 2.09
Switzerland -3.72 3.85 3.52
United Kingdom -1.56 1.36 1.31
United States -2.02 1.99 3.87
Middle stage:
Argentina -.32 .36 1.22
Chile 1.80 -.90 1.65
Ireland -.54 .71 3.10
Israel -2.68 2.79 2.69
Mexico 1.49 -1.72 -1.72
Spain -1.85 1.69 4.87
Venezuela -1.06 1.59 2.62
Developing:
Egypt .44 -.42 -1.51 -
India 2.35 -2.09 -.36
Pakistan 1.23 -.88 -.88
Peru 6.21 -5.65 -5.65
Philippines .64 .16 -.62




shown by the strong linkage between export levels of
inputs and the patenting of new technologies in agriculture
(USDA, 1989; Evenson, 1988). Orientation toward input
exporting is thus an indicator of private sector investment
in research and development. Also, farmers in the input-
exporting country will themselves use the improved inputs,
since new technologies are usually test-marketed locally.
Economies of scale in distribution may also be present.
Moreover, the sales and marketing divisions of the local
input industries act as a form of private extension service,
increasing the use of their products and helping producers
learn how to use new inputs more efficiently.

Data and Estimation Procedure

TFP for country i at time t, E,, is modeled as a function

of investment in agricultural research, infrastructure,

education, and economic structure as follows:

(5) log(E), = a, + alog(RD/FARM), + a,log(GRAD),
+ a,log(IN), + aJog(AREXP), + ayNETEX),

+ aJog(DFARM), + e,, t = 1970, 1980,

Table 3--Agricultural research and education for selected countries by stage of development, 1970 and 1980

Research investment

Agricultural college graduates

per farm _per 10,000 farmworkers
Country 1970 1980 1970 1980
--------------- Dollars ! --------------- -=m-menmemm---Number---------------
Developed:
Australia 616.29 1,130.24 4.91 40.43
Austria 26.33 51.20 5.79 12.41
Belgium 97.66 317.59 10.75 54.11
Canada 428.89 851.53 9.35 75.81
France 42.86 171.57 2.11 4.81
West Germany 144.69 397.11 7.39 31.98
Japan 86.47 206.36 12.63 57.52
Netherlands 397.92 1,563.37 10.31 42.05
New Zealand 474.26 845.99 16.28 58.67
Norway 158.51 403.98 9.32 47.50
Sweden 188.45 623.72 6.55 34.02
Switzerland 105.73 306.02 5.26 17.03
United Kingdom 382.35 963.85 7.49 35.60
United States 246.75 536.97 21.21 135.14
Middle Stage: \
Argentina 42.76 60.32 2.75 9.43
Chile 41.55 38.70 1.08 14.65
Ireland 71.53 103.10 3.91 11.06
Israel 147.17 457.30 7.56 36.33
Mexico 4.39 14.82 11 2.59
Spain 6.45 19.59 .79 5.53
Venezuela 82.24 133.59 .68 10.48
Developing: .
Egypt 3.99 4.39 2.14 10.79
India 91 1.18 .39 .95
Pakistan .81 1.06 .43 .87
Peru 3.09 5.95 1.63 4.61
Philippines 4.17 7.11 1.26 8.92

'In constant 1980 dollars.



where RD/FARM is the research stock per farm. The
research stock, RD, is approximated by the past decade’s
average of public investment in agricultural research. This
variable was constructed from data from the International
Service for National Agricultural Research (ISNAR) by
Pardey and Roseboom and from data reported in Boyce
and Evenson, and Judd and others (1983). Decade
averages rather than individual years were used because of
data limitations and also so that research may be modeled
as a stock variable. Since the results of a research project
are generally not known until several years after the initial
expenditures, research stock measures are more relevant in
terms of effects on productivity than are single-year
measures.

Following Antle, the variable for infrastructure, IN, is
here measured as the GDP of a country’s transportation
and communications industries per square kilometer of
land area. 2 Data for this variable come from the United
Nations Yearbook of National Accounts Statistics. The
variable NETEX is an index of net exports in agricultural
input markets. It is equal to net exports of agricultural
inputs divided by the aggregate input index. Data for
imports and exports come from the USDA publication
World Agricultural Trends and Indicators, 1970-88, SB-
781.

Data for the variables GRAD, DFARM, and AREXP
come from Hayami and Ruttan, appendix A. The variable
GRAD, the number of agricultural college graduates per
10,000 farmworkers, reflects the potentially available
locally trained research and extension personnel specific to
agriculture in a country. Data collected at 5-year intervals
during 1960-80 are used to approximate the decade
averages. The variable DFARM, the ratio of the number
of farms in the current year to the number of farms a
decade earlier, captures the effects of demographic
pressure on limited land resources. For developing
countries, increased fragmentation of individual land
holdings would imply a positive value for DFARM. For
developed countries, a reduction in the number of farms
implies the exit of less efficient farmers from agriculture.
Both effects suggest a negative relationship between
DFARM and agricultural productivity.

The variable AREXP is a measure of the rate of the
expansion of arable land and is defined as the ratio of
arable land at the end of the decade as compared with that
10 years earlier. AREXP serves as a measure of
investment in land infrastructure and would thus be
expected to have a positive effect on productivity. The

2Australia and Canada both have large areas of uninhabited land. For
these countries, infrastructural services were measured per unit of

agricultural land.

public sector is often responsible for the increase (or for
preventing the decrease) of arable land by direct
investment in large-scale irrigation, by soil conservation
programs, or by subsidizing private investments in land
improvement. The net expansion of arable land may
therefore serve as an indicator of the amount and efficacy
of public sector investments in land infrastructure.

Empirical Results

The results of linear regression analysis of determinants of
TFP in 26 countries are presented in table 4. Observations
for the years 1970 and 1980 were pooled in a single
equation. The stock of research per farm, RD/FARM, is
positively and significantly associated with higher
productivity. There are numerous reasons to expect that a
given level of research investment would be more effective
in countries with a relatively small number of large farms
(the number of farms in a country is inversely related to
average farm size). The cost of disseminating information
about new technologies will increase with the number of
farmers to be reached. Also, countries with fewer farms
tend to have more homogeneous cropping patterns and
agroclimatic conditions. Such countries can avoid the
fixed costs of separate research centers for particular crops
or regions. Research results from one center can also
more easily be carried over to other regions in the same
country. Lipton has stressed the importance of
establishing a "congruence" between the agendas of public
research agencies and farmers’ technological demands. A
small group of large farm owners in homogeneous
agroclimatic regions could presumably articulate their
demands for particular technologies at relatively low
organization costs. Conversely, larger groups of small
farm owners operating in diverse production environments
would face greater costs in lobbying for new technologies.

The results also strongly support the hypothesis that
investment in transportation and communications
infrastructure is an important determinant of agricultural
productivity. This finding is consistent with Antle’s earlier
regression estimation, based on international cross-section
data from 1965, on the role of infrastructure. However,
here the elasticity of total factor productivity with respect
to infrastructural expenditures is less than 0.08, while
Antle estimated it to be over 0.20. The discrepancy may
be because the present study includes relatively fewer
developing countries. Antle found the elasticity to be
higher for a subsample of developing countries than for his
combined developed and developing countries’ sample.

Investment in communications and transportation
infrastructure can enhance agricultural productivity in
many ways. First, the transmission of information about
prices, innovations, weather, and so forth is facilitated,
thereby improving farmers’ abilities to allocate resources



and adopt new technologies. Especially in developing
countries, improved transportation infrastructure makes
more efficient the agricultural marketing system, allowing
farmers more timely access to scarce modern inputs (von
Oppen and others) and reducing farm-to-market spoilage
losses (Pinstrup-Anderson). Also, where adequate
transport and storage facilities are lacking, local
intermediaries often monopolize agricultural marketing in
developing countries. This noncompetitive structure
further restricts the flow of agricultural inputs and outputs
(Pinstrup-Anderson). Moreover, lack of a sufficient
transportation infrastructure can limit extension agents’
access to farmers (USDA, 1976).

Economic theory suggests that the increase of both
demographic pressure and of land fragmentation would
have a negative impact on productivity for several reasons.
First, faced with a dwindling amount of land, farmers may
be pressed into using intensive techniques which eventually
lead to soil depletion, or such farmers may move on to
less productive lands. Second, many factors limit the
adoption of modern technologies on smaller farms. For

example, adoption of modern Green Revolution
technologies often require lump-sum capital investments in
irrigation wells or in other equipment. Since fixed costs
per acre decline with farm size, such investments are
relatively more costly for small farms and are therefore
less likely to be adopted. Moreover, access to credit is
proportional to land ownership if the land is held as
collateral.

We have attempted to capture the negative impacts of
demographic pressure on scarce land by the rate at which
the number of farms increases, represented by DFARM.
As predicted, the sign of the coefficient of DFARM is
negative, which suggests that demographic pressure is a
major barrier to productivity growth. The coefficient of
AREXP is positive and highly significant (at the 0.1
percent level), which supports the arguments of Hayami
and Ruttan, and Lipton that expansion of the amount of
arable land stock is a major precondition for agricultural
development. As noted above, productivity in agriculture
also appears linked to the trade position of a country’s
agricultural input markets. The empirical evidence

Table 4--Linear regression analysis of the determinants of agricultural total factor productivity in 26 countries,

1970 and 1980

Explanatory variable Estimated Standard
[Definition] coefficient error t-ratio ?

log(RD/FARM) [research stock/number of farms] 0.06886 0.030615 2.2493
log(IN) [GDP of transportation and

communications industries/total land areal .07534 .027609 2.7288
log(AREXP) [arable land at end of decade/

arable land at beginning of decadel] .89143 .254090 3.5084
log(DFARM) [number of farms at end of decade/

number of farms at beginning of decadel -.68291 .175500 -3.8911
NETEX [value of net exports of agricultural

inputs/aggregate input index] .02449 .006501 3.7675
log(GRAD) [number of agricultural

college graduates/10,000 farmworkers] .10869 .040391 2.6909
Constant 4.02750 .147510 27.3040

R-square = 0.8406

R-square adjusted = 0.8193

Log of the likelihood function = 5.68540

'The dependent variable is. log(TFP), the logarithm of the total factor productivity index for agriculture.

2Forty-four degrees of freedom.



suggests that, all else being equal, nations that export
inputs have higher productivity than countries that rely on
imported inputs. The position of exporter here is closely
linked to local patents activity and private sector research
and development. This conclusion is consistent with the
argument made by Feder that export orientation in one
sector of the economy can benefit other sectors of an
economy.

The stock of agricultural graduates, GRAD, had a
significant, positive impact on productivity. Recent
agricultural graduates make up the pool of available
extension and research workers that directly influences the
development and adoption of new technologies. Such a
group may also reflect the level of advanced training
obtained by some farm operators themselves.

Kawagoe and Hayami found that TFP rankings among
countries at similar stages of economic development are
sensitive to the output elasticity parameters employed in
equation (2), although they are robust among groups of
countries at different stages of development. These
authors cautioned that great care should be taken in using
the geometric TFP index to make comparisons among
countries at the same stage of development. We therefore
ran the TFP regressions using alternative sets of factor
weights. Our basic results were not qualitatively changed
when different factor weights were employed.

Supply and Demand for Agricultural Research

In this section, we present a conceptual supply-demand
model for public investment in agricultural research. The
demand for research is modeled as a function of the
pressure exerted by interest groups. Agricultural
producers are assumed to be the primary interest group
affecting agricultural research. The demand for research,
thus, is a function of those factors which influence
farmers’ desire and ability to lobby effectively for research
investment. In this respect, the model is in the tradition of
earlier work by Guttman, Huffman and Miranowski, Rose-
Ackerman and Evenson, Huffman and McNulty, and Judd
and others (1986).

The actual supply of research is determined by the
availability of trained scientific personnel, with the number
of researchers acting as a capacity constraint that limits
how many projects can be carried out in a given year.

Demand

Economic theories of collective action argue that the
effectiveness of an interest group in obtaining government
assistance will increase with the size and degree of
organization of that group (Olson, Stigler, Guttman).

However, the degree of group organization is inversely
related to group size (Olson, Huffman and McNulty).

This relationship occurs because of economic "free
riding." A free rider is someone who benefits from a
funded activity without contributing to its cost. Individuals
will not join a collective action, such as lobbying for
research, if they believe that their own participation will
have little effect on the government’s action.

Olson has argued that free riding is easier to control in
small groups because each individual’s marginal
contribution to overall lobbying effectiveness is greater.
Nonparticipation significantly reduces the probability that
the action will be taken; it reduces the expected gain.
Smaller groups are also usually more homogeneous, which
reduces the organization costs of obtaining a policy
consensus. It is therefore possible for the overall lobbying
effectiveness of the farm sector to be maintained (or to
increase) even when the total farm population is declining.
Numerous reasons explain why a country’s demand for
research should increase as output per farm increases.
Huffman and Miranowski point out that absolute cost
savings from new technologies would be greater for larger
farms. Larger farms would therefore have greater
incentive to share in group lobbying for public research
investment. Interest group power is positively related to
the wealth of group members, with output per farm being
a fairly good indicator of wealth. Thus, the farm sector
becomes a more efficient lobbying force as productive
capacity of each farm increases.

Conversely, in developing countries, population pressure
on limited land and the fragmentation of land holdings
combine to make a farm sector composed of many smaller
operational units. -Most of the small peasant producers
relate to agriculture more as consumers of food and
suppliers of labor than as producers. To this group, the
benefits of improved technologies may be far less obvious
and the absolute gains of research will be relatively small.
This will be especially true if credit constraints or other
factors limit these farmers’ access to the new technologies.
For small landowners, migration out of agriculture
altogether may be preferable to lobbying for new
technologies (Nugent).

Agricultural research to obtain greater output for each
level of inputs is just one method of gaining increased
agricultural production. Agricultural growth can also
come from increasing the availability of conventional
inputs (Judd and others, 1986). Specifically, investment in
land infrastructure can increase the amount of arable land
through drainage, irrigation, or terracing. The soil quality
of existing land may also be preserved or enhanced.
Public investments in land infrastructure and scientific
research often complement each other to increase output.
For example, improved seed varieties may require reliable



irrigation or superior soil quality. However, these types of
investments can also compete with each other because they
compete for limited public funds for agriculture. In
addition, countries with sizable land frontiers or countries
for which expansion of the arable land is relatively
inexpensive may invest relatively less in scientific
agricultural research. It is the countries which have
reached the margin of their land frontiers that may most
profitably increase their investment in land-saving
technologies. One might, therefore, expect to find an
inverse relationship between possible arable land expansion
and agricultural research.

Supply

The primary factor that influences the supply of
agricultural research is the availability of trained
agricultural scientists and researchers. Shortages of
trained scientific personnel would bid up salaries and
increase the cost per scientist for research projects.
Because of shortages of scientific labor, developing
countries often resort to the importation of relatively
expensive foreign researchers from more developed
countries. These researchers, often placed at international
institutes, are paid salaries more comparable to those in
their home countries than those at the host agricultural
research centers. The labor costs of research are thus a
function of the extent (or lack) of technical education in a
country.

The government’s willingness to fund agricultural research
will also depend on the size and organization of nonfarm
interest groups who compete for public funds. Studies
have tried to assess the effect of nonfarm interest groups
by modeling agricultural research funding as a function of
the proportion of the farm population to total population
(Rose-Ackerman and Evenson, Judd and others, 1986).
The empirical results are somewhat mixed, however.

Data, Variables, and Model Specification

The stock of agricultural research for country i for decade
t is modeled as a function of the following variables:

(6) log(RD/FARM), = b, + b,log(SY/FARM),,
+ b,log(LAL), + bylog(FARM,) + bJog(AREXP);
+ b,log(OUT/FARM),, + b,DYR, + u,.
The dependent variable (RD/FARM) is defined as in
equation (3), where RD is the decade average of
expenditures for public research. The variable SY, the
number of scientist-years devoted to public agricultural

research at the beginning of the decade, is a measure of
the availability of trained research personnel. Data for this
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variable come from Boyce and Evenson. The remaining
variables have all been derived from data published in
Hayami and Ruttan, appendix A. The variable LAL is the
ratio of nonagricultural labor to the total labor force, and
FARM is the number of farms (agricultural holdings).
Both variables are decade averages.

The variable AREXP, the ratio of arable land at the end of
the decade to arable land at the beginning of the decade,
again is meant to capture the effects of irrigation and other
land improvements. Judd and others (1986) argue that a
low value of this ratio implies that the cost of land
expansion is relatively high and that countries will then
invest more to gain technological improvements through
research. A high value, conversely, implies that
investments in land expansion is a relatively cheap
substitute for research. Implicit in this argument is the
notion that land expansion and scientific research are
competing for limited public funds.

The variable OUT/FARM is the level of aggregate
agricultural output per farm at the beginning of the decade.
Inclusion of output as an explanatory variable
acknowledges the positive feedback effect between
research and output (Pardey and Craig). The beginning-
of-decade value was chosen because it is largely exogenous
to the decade average of research investment.

The variable DYR is a dummy variable which takes on the
value of 1 if the decade of observation is 1970-79 and zero
if it is 1960-69. The term u, is a normally distributed
random error term with mean zero.

Empirical Results

Table 5 presents the results of linear regression analysis of
the determinants of expenditures for public agricultural
research in 26 countries. The model explains expenditure
levels remarkably well, with an R 2 coefficient of over
0.93, which is quite high for an intercountry study of this

type.

The availability of trained research scientists at the
beginning of the decade has a strong positive effect on
future research expenditures. Research expenditures also
increase as the productive capacity per farmer (measured
by OUT/FARM) increases. As discussed above, larger
farms are better able to appropriate absolute gains from
agricultural research. This also means that, holding the
number of farms constant, the research stock is increasing
with the absolute level of output. In other words, research
investment is increasing with the absolute importance of
agriculture in an economy.

The regression coefficient for log(FARM) is the elasticity
of the research stock per farm (RD/FARM) with respect to



the number of farms. The negative value of this
coefficient implies that research expenditures per farm
increase as the number of farms decline. The elasticity of
the research stock (RD) with respect to the number of
farms can be calculated from the regression coefficients as
1-(0.61532 + 0.22422 + 0.17293) = 0.

These results are consistent with the thesis of
countervailing forces in the determination of farm lobbying
power. As group size increases, more farmers appear
with an economic interest in agricultural research, but the
costs of organizing these people also increase. At the
same time, the expected payoff from taking part in
lobbying efforts declines. Our estimate that the elasticity
of research expenditures with respect to the number of
farms is approximately zero suggests that these
countervailing forces cancel each other out, at least for the
countries in the sample.

Research expenditures also rise with the level of
industrialization, measured by the ratio of nonagricultural
labor to the total labor force (LAL). This finding is
consistent with the regression results of Judd and others
(1986, table 9) but at odds with the argument that an
increasing nonfarm population should be able to divert
funds from agriculture. What could explain this result?
First, industrialization may cause changes which dampen
resistance to investment in agricultural research.
Developing countries have relatively heterogeneous farm
populations and small, organized urban populations. In
more developed countries, the pattern is reversed. The
farm sector is relatively small, homogeneous, and
organized compared with the multitude of nonfarm interest
groups. Also, the costs of agricultural research in
industrialized countries are relatively small compared with
overall government expenditures, even though they are
large in absolute terms. The variable LAL may also

Table b--Linear regression analysis of the determinants of public agricultural research expenditures in 26
countries (decade averages 1960-69 and 1970-79)"

Explanatory variables Estimated Standard
[definition] coefficient error t-ratio 2

log(SY/FARM) [agricultural research

scientist-years per number of farms] 0.61532 0.10670 5.7684
log(LAL) [ratio of nonagricultural

labor to total labor forcel 2.51640 .46586 5.4017
log(OUT) [agricultural output at

beginning of decade] 22422 1119 2.0165
log{AREXP) [ratio of arable land at end of decade

to arable land at beginning of decadel -1.16100 .48396 -2.3989
log(FARM) [number of farms] -.17293 .06602 -2.6193
DYR [binary variable; = 1 if period

= 1970-79, = O if period = 1960-69] -.22491 .14295 -1.5734
Constant -12.61400 1.98950 -6.3403

R-square = 0.9417

R-square adjusted = 0.9339

Log of the likelihood function = -39.1064

'The dependent variable is log(RD/FARM), the logarithm of the average public expenditure on agricultural research per farm for decades

1960-69 and 1970-79 in 1980 U.S. million dollars.
Forty-five degrees of freedom.
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represent an income effect on the demand for agricultural
research. Since LAL is highly correlated with per capita
income, it is possible that agricultural research (or, for that
matter, any scientific research) is a normal good.

The sign of the coefficient of the land expansion variable
AREXP is negative and significant, which is consistent
with the hypothesis put forth by Judd and others (1986)
that land expansion is a substitute for scientific research.

Conclusions

The empirical analysis of the first section of the report
indicates that productivity differences among countries can
be largely explained by differences in (1) public research
investment, (2) technical education in agricultural sciences,
(3) demographic pressure on land resources, (4)
communications and transportation infrastructure, (5)
investment in"land expansion or improvement, and (6)
trade orientation of agricultural input markets. Public
investments in research, education, and infrastructure are
necessary not only to increase agricultural productivity but,
particularly in developing countries, to counteract the
negative effects of population pressure.

Investments in irrigation increase both the amount and the
quality of arable land and also increase adoption of modern
seed-fertilizer packages in developing countries. Evenson
and Kislev, in agreement with this study, found at the
national level no evidence of an increase in agricultural
productivity in India between 1970 and 1980. However,
their analysis at the State level revealed that those areas
with relatively rapid adoption of Green Revolution
technologies, with controlled use of water, made marked
gains in productivity. In contrast, dryland areas suffered
rather large productivity losses. Research by international
centers such as the International Crops Research Institute
for the Semi-Arid Tropics (ICRISAT) and International
Rice Research Institute (IRRI) have as yet had only modest
successes at increasing yields of dryland crops. This
suggests that future investment in irrigation and water
management in such dry areas remains essential to
productivity growth.

There generally appears to be a continued and important
role for productivity-enhancing government investment in
agriculture. However, the role of research by the private
sector in agricultural input industries also continues to
grow. Data on private research and development (R&D)
are very incomplete, but what data do exist indicate that
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levels of private R&D investment in developed countries
appear comparable with those of public investment (Boyce
and Evenson). In the developing nations, however, the
level of private R&D is often much lower. However, one
exception is the Philippines, where Pray and Neumeyer
have estimated that private R&D accounts for nearly 40
percent of total agricultural R&D. This case is
particularly notable considering that the Philippines was
the only developing country in our sample to post positive
productivity gains in 1970-80 (see table 1). To our
knowledge, this paper represents the first attempt to
analyze empirically the effect of trade orientation in
markets for agricultural inputs on productivity. The
econometric findings lend support to the arguments that (1)
extreme dependence on imported inputs is a signal of
structural barriers to the growth of productivity and (2)
that orientation toward exports of such inputs can
indirectly improve farm productivity. Further study of
these linkages between input trade patterns and agricultural
productivity seems warranted.

The results of the second section of this report suggest that
economic theories of collective action can be highly useful
in explaining those differences in agricultural research that
exist among nations. Specifically, such theories are able
to explain such matters as why countries spend more on
agricultural research even as the relative economic
importance of agriculture declines. We have argued here
that farm groups have become wealthier and more
organized as the number of farms declines. Increased
wealth and organization compensate for reductions in
group size to increase the overall effectiveness of the farm
lobby.

The empirical evidence also suggests that investments in
land infrastructure, as measured by arable land expansion,
compete with scientific research for limited funds.
Countries that find it cheaper to increase output through
land expansion devote relatively less investment funds to
scientific research. Conversely, countries facing a binding
land constraint must invest more in research for new, often
land-saving, technologies.

The ability to carry out research projects can be
constrained by shortages of personnel trained in
agricultural sciences. This constraint on research is
particularly acute in developing countries, suggesting that
the research potential of poorer nations may be greatly
enhanced by improved domestic agricultural education and
by providing incentives for repatriation of agricultural
scientists educated abroad.
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