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OVERVIEW

ROBERT E. EVENSON

Economic Growth Center, Yale University, New Haven, CT

PRABHU PINGALI

Agricultural and Development Economics Division, Food and Agriculture Organization, Rome, Italy

This overview of Volume 3 of the Handbook of Agricultural Economics is organized as
follows:

Section 1 offers insights from the economic growth literature;

Section 2 addresses the Green Revolution and its impact on developing countries;

Section 3 addresses the Gene Revolution and its limited impact on developing coun-
tries;

Section 4 addresses returns to research studies;

Section 5 discusses the decline in aid effectiveness for agriculture;

Section 6 offers comments on the 18 chapters covered in Volume 3.

1. Insights from economic growth theory

Economic growth theory can be divided into early growth theory and newer models of
“endogenous” growth.

The chief insight from the early growth theory [Solow (1956)] was that an efficient
economy leads to a steady state solution where product per worker does not grow with-
out invention and innovation. When exogenous technological change is introduced in
these models, product per worker does grow. Invention and innovation are required for
economic growth.

Jones (2002) reports a “Malthusian” extension of early growth theory. Under the
assumption that cultivable land is in fixed supply, Jones shows that the steady state
solution is

Growth in product/worker = Growth in technology — Bn,

where f is the coefficient on land in the agricultural production function, and n is the
rate of population growth. This casts growth as a race between technology and popu-
lation growth. The designers of the International Agricultural Research Center (IARC)
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system recognized that technological gains could offset the negative consequences of
population growth. The designers of the IARC system also evaluated the National Agri-
cultural Research Systems (NARS) in place in the 1950s and concluded that they were
not up to the task of meeting the challenge of high population growth rates.

Demographic transition models showed that the decline in death rates, particularly
child mortality rates, associated with improved public health and immunization pro-
grams were producing high population growth rates in the 1950s and 1960s. By 2000
many countries, particularly in Sub-Saharan Africa, had tripled their populations since
1950. By 2000, however, most countries, even in Sub-Saharan Africa, were well along
in their demographic transitions.

The more recent endogenous growth models treat R&D as a variable endogenously
determined by incentive structures, particularly regarding intellectual property rights.
Endogenous growth models treat population growth as a positive inducement to inven-
tion and innovation. The reasoning is that invention and innovation is proportional to
population size and that invention and innovation produce externalities that benefit all
members of the population. Data on patents granted certainly do not bear this out. The
number of patents granted to inventors in Sub-Saharan Africa and even in South Asia
is negligible. Inventions are not proportional to population. This is because R&D is not
proportional to population.

Jones (2002) develops a model where invention and innovation is undertaken in high-
income countries and where developing countries devote effort to “mastering the World
Technology frontier”. But as will be noted in the section on the Green Revolution, many
developing countries invest nothing in industrial R&D. Almost all countries invest in
public sector agricultural research in agricultural experiment stations. But as noted be-
low, several have failed to produce a Green Revolution.

2. The Green Revolution

More than 40 years ago, Theodore W. Schultz wrote an influential book Transforming
Traditional Agriculture (Yale, 1964) in which he argued that “traditional” agricultural
economies were “poor but efficient” and “efficient but poor”. Traditional agriculture was
defined to be an agriculture where the development of improved technology in the form
of improved crop varieties and improved animals was proceeding at a very slow pace.
Implicit in this definition is the notion that agricultural technology has a high degree
of “location specificity”. Crop varieties, for example, require breeding programs in the
regions served by the program. !

! This was first noted in the study of hybrid maize (corn) by Zvi Griliches (1957, 1958). Griliches noted
that farmers in Alabama did not have hybrid maize varieties until 20 years after farmers in Iowa had access to
hybrid maize. It was not until breeding programs were established in Alabama, selecting varieties for Alabama
farm conditions that farmers in Alabama had access to hybrid maize. Farmers in West Africa did not have
hybrid maize until 75 years after farmers in Iowa had hybrid maize. Farmers in Central Africa still do not
have access to hybrid maize.
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The Schultz argument implicitly suggests that agricultural extension programs cannot
effectively “transform traditional agriculture”, because traditional agriculture is already
efficient. Note that this statement regarding efficiency holds the transaction costs asso-
ciated with institutions constant. Thus, markets may be inefficient with high levels of
transaction costs, but given this, farmers are efficient largely because they have had time
to experiment with technological improvements under conditions of slow delivery.

We now have an opportunity to reassess the Schultz argument in the context of the
Green Revolution. Agricultural extension programs might not be effective in improving
the efficiency of farmers in a setting where farmers are already efficient, but agricultural
extension programs could be successful in facilitating the transfer of technology pro-
duced in a foreign country to the country in question. Many countries have counted on
this technology transfer function. In many Sub-Saharan African countries the number
of agricultural extension personnel far exceeds the number of agricultural scientists.
(See Table 1 below.)

The Schultz position on agricultural extension and agricultural research was that the
technology transfer function of agricultural extension was not realized because of the in-
herent “localness” of agricultural extension programs. Ultimately Schultz indicated that
only a “Green Revolution” could “transform” traditional agriculture, and a Green Revo-
lution depends primarily on competently-managed plant breeding programs in National
Agricultural Research Systems (NARS) programs supported by International Agricul-
tural Research Centers (IARCs).

Figure 1 lists 87 countries classified according to aggregate Green Revolution Modern
Variety (GRMV) adoption rates in 2000. The 12 countries in the first column report neg-
ligible GRMYV adoption in the year 2000. All other classes are based on area weighted
GRMYV adoption rates for the 11 crops included in the GRMV study.’

Table 1 lists indicators by Green Revolution cluster. The clusters can be roughly
categorized as non-performing (Cluster 1), underperforming (Clusters 2, 3 and 4) and
performing (Clusters 5, 6, 7 and 8). Economic and social indicators by cluster are re-
ported in Table 1.

The economic indicators show the following:

1. Crop value (in US dollars) per hectare is very low for countries not realizing a
Green Revolution and rises to high levels for countries realizing the highest levels
of GRMV adoption.

2. Fertilizer application per hectare is negligible for the first four clusters and signif-
icant for the highest GRMYV clusters.

3. Crop TFP growth is negligible for countries not realizing a Green Revolution and
highest for countries with the highest levels of GRMV adoption.*

2 Evenson and Kislev (1975) report relative price ratios of 20 to 1 for the cost of scientists vs the cost of
extension workers. This is partly related to the relative prices of extension personnel relative to the price of
agricultural scientists.

3 The 11 crops were rice, wheat, maize, sorghum, millets, barley, groundnuts, lentils, beans, potatoes and
cassava [Evenson and Gollin (2003a, 2003b)].

4 Crop TFP growth is reported in Avila and Evenson (forthcoming).
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Figure 1. Green Revolution clusters by GRMYV adoption level.
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Table 1
Green Revolution cluster indicators

Economic indicators

Clusters Crop value Fertilizer Crop TFP Scientists per Extension Industrial
by GRMV per ha per hectare growth million ha work per competitiveness
adoption (dollars) (kg/ha) (1961-2000) cropland million ha (UNIDO)

1960 2000 1960 2000 1985 1998
LT 2% 78 2 0.09 0.019 0.030 0.230 0.461 0.002 0.002
2-10% 128 22 0.72 0.018 0.093 0.392 0.402 0.020 0.028
10-20% 94 6 1.07 0.013 0.033 0.149 0.220 0.028 0.029
20-30% 112 12 0.87 0.033 0.076 0.245 0.416 0.037 0.051
30-40% 180 40 1.30 0.033 0.179 0.070 0.371 0.050 0.076
40-50% 227 52 0.96 0.023 0.063 0.287 0.827 0.038 0.072
50-60% 300 68 1.36 0.050 0.063 0.070 0.140 0.060 0.080
GT 65% 488 166 1.56 0.079 0.120 0.150 0.442 0.047 0.111

Social indicators

Clusters Countries Population Average popula- Birth rates Child Dietary energy GDP
by GRMV in class in 2000 tion (millions) mortality rates sufficiency per capita
adoption (millions) 1960 2000 1960 2000 1960 2000 1960 2000 1960 2000
LT 2% 12 90 2.5 7.5 47 41 293 160 2029 2192 361 388
2-10% 18 153 3.1 8.5 45 36 236 118 2074 2387 815 1291
10-20% 18 385 7.0 21.4 44 36 214 134 1983 2282 866 1295
20-30% 8 115 9.0 14.3 46 32 238 124 2070 2384 695 1156
30-40% 9 337 14.3 37.4 42 26 156 27 2050 2574 1169 3514
40-50% 2 284 15.5 40.3 46 26 221 61 2084 2506 805 1660
50-60% 5 385 349 76.7 46 23 240 50 2038 2391 1096 2153
GT 65% 10 2886 135.1 288.6 39 22 165 43 2100 2719 1049 2305
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Countries without a Green Revolution did have both agricultural scientists and
extension workers. Scientists per million hectares of cropland rise with higher
levels of GRMYV adoption.

Extension workers per million hectares of cropland are roughly 20 times as great
as scientists per million hectares of cropland. The number of extension workers
increased in every cluster. No correlation between extension workers per million
hectares of cropland and GRMV adoption exists.

None of the countries without a Green Revolution has industrial competitiveness.
A UNIDO index of 0.05 or greater indicates industrial competitiveness. Only
countries in 30—40% GRMYV clusters and above have industrial competitiveness.
Improvement in industrial competitiveness is greatest for the highest GRMV clus-
ters.)

The social indicators show the following:

1.

63% of the 4.65 billion people living in developing countries are located in the ten
countries in the highest Green Revolution cluster. 84% live in performing clusters.
Countries without a Green Revolution make up less than 2% of the population in
developing countries.

The average population of countries in 1960 and 2000 rises as GRMV adoption
levels rise. This suggests a strong bias against small countries.

In 1960, birth rates were similar across GRMV clusters. By 2000, birth rates had
declined in all GRMV clusters, with highest declines in the highest GRMV clus-
ters.

Child mortality rates in 1960 were similar in most GRMV clusters. By 2000, they
had declined in all GRMYV clusters with highest declines in the highest GRMV
clusters. In the top two GRMYV clusters, child mortality rates in 2000 were only
24% of their 1960 levels.

Dietary Energy Sufficiency (DES) was similar for all GRMYV clusters in 1960. By
2000, improvements were achieved in all clusters with highest improvements in
highest GRMYV clusters. DES improvement is highly correlated with child mortal-
ity reduction.

GDP per capita (using exchange rate conversion to dollars, Atlas method) was
lowest in countries without a Green Revolution in 1960 and did not improve in
2000. GDP per capita for the next three GRMV clusters rose from 1960 to 2000
by 56%. GDP per capita for the highest four GRMV clusters rose by 140% from
1960 to 2000.

NARS programs in specific countries bear the ultimate responsibility for failing to
deliver GRMVs to their farmers. But IARC programs are not immune from criticism.

5 None of the countries without a Green Revolution reported investing in R&D in 1970. The Central African
Republic reported industrial R&D in 1990. Of the 18 countries in the 2-10% cluster, 5 reported industrial
R&D in 1970, 12 reported industrial R&D in 1990.
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Figure 2. Real world prices of rice, wheat, maize and urea (1961-2000, 5-yr moving average). Source: IFPRI.

There are three IARCs located in Africa — ICRAF in Kenya, ILRI in Ethiopia and
Kenya, and IITA in Nigeria. ICRAF has had little impact because agroforestry gen-
erates little income for farmers. ILRI has also had little impact although it does not deal
with crops. IITA has had an impact only after developing breeding programs with CIM-
MYT for maize and with CIAT for cassava. Similarly, ICRISAT had little impact until
sorghum, millet and groundnut breeding programs were developed in Africa.

Why did twelve countries fail to produce a Green Revolution? A closer examination
suggests three explanations. The first is the “failed state” explanation. The second is
the “s