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Note:

Currency Units: The monetary values throughout Ibis booklet have
been expressed in oonstant 1980 PPP dolIar.;:. PPP stands for purchas
ing pqwer parity and represents a synlhetic exchange rate that at
tempts to reflect the purchasp.g powerofa currency.Mone~values
in current local. currency were first deflated 10 base-year 1980 wilh a
local (GDP) deflator and then converted inllo constant 1980 doDars
using 1980PPP exchange rates.
Country coverage: The global comparisons presented in this booklet
do not include the former USSR, Eastern Europe, Cuba, Vietnam,
Cambodia, the Republic of South Africa, and a number ofvery small
countries for which no data ;were available.

INTRODUCTION

As we approacb tbe end ofltbe 20tb century, policy
makers are having to contend with unprecedentedly
rapid changes in the market for agricultural science
and technology services. In less-developed COUln
trit:s the rapid expansion lof agricultural researlch
capacity experienced during the 1960s and 197iOs
slowed considerably in tbe 1980s. Particularly lin
debt-ridden regions like sub-Saharan Africa and
Latin Americai & Caribbean, investment in agricul
tural research stagnated or even declined. In addi
tion, the level ()f development aid to less-developed
countries stallM during the 1980s, while the small
but significant share that was channeled to agricul
tural research has been threatened by otherdemands.
A reversal of these trends is unlikely in the nt:ar
future and resources for public agricultural researlch
in less-developed countries could well tighten even
further in the coming yean,. In the more-developed
countries, public support for agricultural research is
under close review and there is a strong tendency to
have those who most directly benefit from researlch
pick up at least part of the: bill. Moreover, agricul
tural surpluses" declining agricultural prices, and a
continuing contraction in fiarm numbers in many of
the more-developed countries have led to populist
calls for a moratorium on further public investment
in agricultural research.

Against this backdrop of fiscal stringency, the
demands placed on national, and indeed internation
al, research systems are intensifying. In addition to
the traditional emphasis on stimulating productivity

growth within agriculture, many of these systems
are being called upon to broaden their research agen
das and give greater attentiolll to concerns of envi
ronmental degradation and resource management.
The im.ternational system is aIso n:structlIring its
research portfolio 'with regard to forestry, fisheries,
and v<1getable research in addition to its traditional
emphasis on basic food crops and livestock. These
changes raise major policy issues that are yet to be
resolved about the appropriate division anabor and
problem focus betwecn the national, regional, and
international centers.

Furthermore, the modem biotechnologies based
on recombinant DNA, monoclonal antibodies, and
new cell- and tissue-culture telchniques arle just be
gilllDin,g, and no doubt will colntinue, to fundamen
tally mshape the ~ience of agriculture weill into the
21st century. Whttn taken in conjunction I with the
increasing propensity of governments to (tnact and
enforce legislation on intellectual property rights
(including plant variety proteation acts), these new
technologies raisel a further set of policy lconcerns
related to the optimal division of labor ood effort
between publicly' versus privately exe<cuted re
search.

Within the context of these: issues, what follows
is an attempt to illustrate what ,is actually happening
in the I world of agricultural research and to help
move lthe policy dialogue beyond merely qualitative
impressions toward a process that is undlerpinned
with alset of basic idata and quantitative indicators.
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'AGRICULTURALI GROWfH AND PRODUCTIVITYDEVELOPMENFS

Table 1: 'Regional Shares ofAgricultural GDP, Population, andLand, 1981-85Average

: Agricuillmllliand comIrises arable land, pennanently cropped Land, and permanent pastures.
Bracketed ligures indicate the number ofcounbies in regional totals.

than lin the more-developed countries, the per capita
income gap between the rich and the poor countries
has Widened in real terms. Among the less-devel··
oped regions themselves, there have also been sig··
nificant differences in econlomic growth rates, with
sub-Sahamn Africa and China representing the ex-·
tremes in economic performance in the recent past.
In sub-Saharan Africa the population grew fastelr
and 1the GDP grew more slowly than anywhere else,
whille in China the opposite occurred.

In th<r period 1981-85, less-developed countries
had only a 36% shalre in global GOP although they
support82% ofthe world's popullation. Consiidering
agriculture separately, the diffeerences wer,e even

------------------------------------- more pronounced. Of the world's agricultural popu
lation, 918% live in I less-developed countries, but
with 68% ofthe world's farmlan(j[ they producedjust
78% oftotal agriculwral GOP. So 2% of the world's
agricultural population in more-dleveloped countries
produced 22% of glmbal agriculwral GOP (table 1).

Nor did all less-developed regions share Mually
in the growth in agricultural output in the last two
decades. In 1981-85 the Asia & Pacific region plus
China produced 53% of global agricultural GOP,
with 23% of the world's agricultumlland dd 74%
of the labor force. Sub-Saharan Africa has tble same
share off the world's farmland but produced only
one-fifth of Asia's output.

Although the pmportion of the total population
that is involvedinagriculture inmost less-developed
countries is declining, the agricuIturallabor force in
those countries still Jose by 35% between 1%1-85,
with the. Asia & Pacific region accounting for 81%
of that amount In Imore-develpped countries the
agricultural labor force shrank by almost blaIf, but
the farmland in use Iremained stable while the appli
cationofoutput-enhancinginpulfs, suchas fertilizers
and machinery, increased.

Nevertheless, agriculture still accounts for a
major share of total GOP in many less-developed
countries, and it is likely that the failure to develop
this sector accounts, at least in part, for the \Wdening
rift in incomes withl the industrialized worldl.

Much of the growth in agricultuml production
during the past decades camel about through the
impactof the Green:Revolution.1 Its immense contri
bution to feeding a Irapidly growing world lpopula
tion is not in doubt, but there is still some Idispute
about the effects of these technologies on 1 income
distribution. Early studies suggested the new tech-

The last two decades haye seen impressive levels of
growth ill the world's w.onomy. During that period,
the percapita gross domestic produot (GDP) rose by
around 50% despite al sustained increase in the
world's population. In I the nonagricultuml sector,
output increased faster than it did in agriculture,
where growth was also more erratic:.

Despite the overall growth in the global econo
my, and al1though total and per capita output in
Icreased faster in less-developedcountries as a whole

Agricultural

II Region GDP Population Landa

% % %

Sub-Sahamn Africa (42)b 7 14 120
China 22 35 12
Asia & Pacific, excl. China (21) 31 39 ,8

Latin America & Caribbean (32) 11 6 120

West Asia & North Africa (18) 7 4 8

Less-Developed Countries (114) 78 '98 68
More-Developed Countries (22) 22 2 32

Total SlUDJI>le (136) 100 100 100
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Hectal'es per worker.'
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Figure 1: Productivity pOths, 1961-1985

Note: Land and labor productivities measured in natural log scale.

B Labor productivity measured lIS AgGDP per economically active;agricullDIa1 population.
b Land productivity measured as A!~DP per hectare agriculluralland.
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nologies had unfairly benefitted larger farmers at the
expense ofsmall-scalf producers. ,More recent stud
ies have questioned this and have suggested that as
time has ,elapsed, more of the benefits have been
captured by the poore~r sections of society, particu
larly as consumers oftheap food.'A major concern,
however, remains the fact that the Green Revolution
technologies are mostleffective under favorable con
ditions and that they have largely by-passed fanners
in marginal areas.

Developments inA,gricultural Productivity

Figure 1 plots the relative productivity oflabar and
land and tlleir changes over timtt for 73 countries
between 1.961 and 1985. The countries in the sample
are divided into six re,gions and three countries. The
dark arrows indicate how output per worker and per
hectare developed over the period The diagonals
indicate constant factor ratios, so that when anlarrow
crosses a diagonal from left to right, it indicates that
the number ofhectares in use peragricultural worker
increased; also, the longer an arrow, the grealter the
percentage change in Iproductivity.

Levels ofoutput IX:rworkerwere higher in more
developed countries than in less-developed ,coun
tries, with the lowest output per worker recorded in
China. The highest OIutput per hectare occurred in
Asia (particularly Japan) and Europe, with th,c low
est in Australia.

There ,were significant diffenmces between re
gions in the directions that agricultural productivity
developed. In Japan, Europe, and the United States,
output per worker increased much faster than output
per hectare in conjunlction with falling numbers of
agricultuI'31 workers and relative stability in the area
of land used in agriculture. On the other hand, in
China and Asia & Pacific, the Ilabor intemity in
agriculture increased - these regions empl9Y the
highest number of workers per hectare. The pattern
of agricultural growth was dominated by increased
output per hectare rather than increases in ouqmt per
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unitoflabor. In West Asia & Norili Africa and Latin
! America & Caribbean, the ratio bf land to !cabor
. remained fairly steady and productivity gains from
both factors have been:roughly equal.

The pattern of growth in sub-Saharan Africa is
clearly distinguishable from other regions. Labor
productivity declined and output per hectare stag
nated, contrasting sharply with all other regions

,where growth was positive.
The results would seem to confirm that a coun-

try's agricultural development will be biased to
,wards using its relatively abundant resources and
:saving on the resources that are scarce or relatively
:expensive,. such as land in Asia or labor in North
,America, for instance.

Figure 1 gives a general picture of the pattern of
:agricultural productivity in the last decades but must
be used cautiously in making international compari

:sons. The measures used for land and labor are not
:adjusted to take account ofdifferences in the quality
ofthe input or their intensity ofuse during the period
reviewed. So the land measure is the total number of
hectares in lagriculture llegardless ofits quality or the
improvem(mts made tal it over time\ for example, by
irrigation or terracing. Equally, the labor measure is
the total p<J)pulation engaged in agriculture in each

. region with no allowance made for differences in the
quality of the labor forlCe or actuallhours worked. It

14

has been established, for instance, that educational
standards have a major influence on the productivity
of allabor force ..

In addition, measurements of productivity based
anIy on land and labor presentan incomplete picture
of productivity developments becausc~ they ignore
the role ofother inputs that can be used as substitutes
for or complements to land and labor. The use of
pur~hased inputs differs markedly btttween COUllL

tries. In the poorest less-developed countries, they
represent less than 10% of the value of final output,
rising to about 50% in the most advanced more-de
veloped countries.

Just as past increases in agricultural production
can be attributed in part to research-induced techno
logicaldevelopments, so agriculture's future growth
willi depend on current research. The level ofpublic
investment in agricultural research will in tum be
determined to a ~ignificantdegree by h(l)w successful
it is in boosting production and productivity, as well
as reaching other social goals and objectives that
include equity and sustainability concerns.

Since time lags in agricultural research and in the
adoption ofnew agricultural technologies tend to be
relatively long, we will concentrate inl the next sec
tion on reviewing trends rather than on a snapshot
of investments in agricultural research.
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Figure 2: Regionalshares inglobalagriculturalresearch;personnelandexpenditures, 1981-8Daverage

more-developed countries over the past two de
cades, so the less-developed countri(~S' share of total
expenditure on research lrose to 43% in 1981-85
from 33% in 1961-65 (figure 2).

Of the less-developed regions, only in Asia &
Pacific did the annual gr(l)wth in research expeIildi
ture exceed the annual increase in researchers! In

Asia & Pacific

Latin America

West Asia &

North Africa

8,443 million 1980 dollars

57%

more-developed countries, onthe otherhand, spend
ingonresearch increased twice as fast as the number
of researchers.

Expenditures!per Researoher

Average spending per researcher in less-developed
countries has been falling siIlce the early 1970s. In
1981L85 it was actually lower in real tenms than in
1961+-65. In mon~-developedcountries meanwhile,
spending per researcher has been rising steadily and
the emphasis has consistently been towards greater
invesitInent in human capital within the NARS.

One reason for the relatively lower spending per
researcher in lesstdeveloped countries is that, oflate,
the rapidly expanding university systems in these
countries have pmduced substantially mme gradu
ates than previously. Many governments lin less-de-

More-developed

countries Sub-Saharan Africa

Latin America & Caribbean

Sub-Saharan

Africa

West Asia &
North Africa

134,113 researchers (full-time equivalents)

NATIONAL AffiRICULTURAL RESEARCH

The differences in patterns of agricultural growth
just identified are in large part the result of national
differences in factors of prodmttion and environ
mental endowments as well as in the policies adopt
ed towards agriculture and, more specifically,
agricultural research..

Whatfollows is alcomparative assessment of the
evolution and current status of national agricultural
research systems (NARSS) using the most recently
compiled figures on expenditures, numbers of re
searchers, and the like.

Investment Trends

For two decades, up to the mid-1980s, global invest
ment in public agricultural research increased sub
stantially. Between 1961-65 and 1981-85, the total
number of public-sector agricultural researchers
grew at an average annual rate of4.1%. The number
ofresearchers in less-.·developed (countries increased
by 7.1% a year, just over four times the annual rate
in more-developed countries (table 2).

In the: period 1981-85, the lesiS-developed coun
tries employed 58% of the world's agricultural re
searchers, compared Iwith 33% in 1961-65.

AnnUial growth riJltes in research investment in
less-developed countries have slowed during the
1980s, most noticeably in sub-Slaharan Afriea and
Latin America & C'lribbean, bOth of whicb have
been struggling to .contain soaring international
debts. Nevertheless,i spending on agricultural re
search increased faster in less-developed than in

5



, NOle: Totals may not add up exactly bccallSC of rounding.

a Compound annual avemge growth mte between 1961-65 and 1981-85.

Table 2: AlUlUalAgriculturalResearch Personnel andE,'xpenditure&, Regional Totals

Region 1961-65 1971-75 1981-85 Growth ratea

Agrkultuwl research personnel %
(full-time equivalents)

Sub-Sahar".m Africa (43)b 1,323 2,416 4,941 ,6.8

China 6,966 11,563 32,224 ,8.0
Asia & Pacific, excl. China (28) 6,641 12,439 22,576 , 6.3

Latin America & Caribbean (38) 2,666 5,840 9,000 I 6.3
West Asia & North Africa (20) 2,157 4,746 8,995 ' 7.4

Less-Deve~oped Countries (130) 19,753 37,004 77,737 ' 7.1

More-Developed Countries (22) 40,395 48,123 56,376 1.7

Total (152) 60,148 85,126 134,113 ,4.1

Agrkultural research expenditures
(millions 1980 dollars)

Sub-Sahamn Africa (43)ib 149.5 276.9 372.3 ' 4.7
China 271.4 485.4 933.7 16.4
Asia & Pacific, excl. China (28) 316.7 651.5 1,159.6 16.7
Latin America & Caribbean (38) 229.1 486.6 708.8 ' 5.8
West Asia & North Africa (20) 126.9 300.8 455.4 I 6.6

Less-Developed Countries (130) 1,093.6 2,201.0 3,629.8 16.2
More-Developed Countries (22) 2,190.7 3,726.3 4,812.9 ' 4.0

Total (152) 3,2843 5,9273 8,442.7 ' 4.8

'"

veloped countries require that public bodies, includ
ing research agencies, etmploy local graduates but
1then fail to provide adequate match~ng funds.

In China land the Asia & Pacific region, expendi
rore per researcher has lalways been lower than in
other less-developed regions. This is partly because
relative prices for laboflare lower, which induces a

6

substitution of labor for other inputs in the system.
But it is also because they have predominantly larger
research systems that may well be ablle to realize
economies of scale and scope.

In sub-Saharan Africa, expenditure per research
er has for a 10nJ~ time been higher than in other
regions. During ~he 1960s, the NARSs im this region

continued to be heaVily staffed by relatively expen
sive expatriatcs from the former colonial JOOwers.
The pom quality of' Africa's infrastucture and the
need to import neady all equipment also drive up the
research costs in this region. AIlthough still higher
than in most other less-developed regions, spending
per rese-ueher in sub-Saharan Africa is falling, in
part a reflection of the fact that expatriate research
ers are increasingly being replacedby less expensive
local research staff.

Commodity Orientation

In less-developed countries, agricultuml research is
directed predominantlyatcrops. Roughly two-thirds
of all agricultural researchers are engaged in work
related to crops. For tihe remainder, 19% are engaged
in livestock research, 7% in forestry research, and
6% in fisheries research (table 3).

There are some limited regional disparities in the
share of resources devoted to a p..articular commodi
ty area (1table 4). While such disparities are illlevita
ble given regional, variations in the pattern of
production, it has been argued that less research is
devoted to fisheries and forestry·. than their reported
economic importanc:e warrants. In fact the data, as
shown in table 4, do not generally support this
propoSition. Research into forestry attracts more
resources than its congruent share in agricultural
output ill all regions. In Asia &I: Pacific and West
Asia & North Africa, this is alsOilrue of fisheries.

Nevertheless, the actual facilities for research
into fon:stry and fisheries are i limited, priimarily
because NARSS in less-developed countries are gen
erally small. The majority (73%) of them ttmploy
fewer than 200 researchers in to~l,while only small
percenta,ges of these are engagtW in research into
fisheries' or forestry.

Factor Shares

A major challenge for managers ofresearch systems
is to make the most effective use of available re-
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Note: The data on commodity shares for 83 countric::s were applied to the corresponding expenditure and researcher totals for
130 courntrles in order to derive these estimates.

Table 3: Commodity Orienttition of Agricultural Research in Less-Developed Countries, 1981-85
Average

Table 4: Rt'(gionalCongruence betweenAgGDPandAgriculturalResearchPersonne~ 1981-85Average

towards greater investment in human ca~ital rather
than Iphysical capital in recent years. Today the
system performs I with around 14 cents (JIf physical
capital for each dollar of human capital, ,compared
with about 27 cents 50 years ago.

The contemporary pattemofexpenditlilre in less
develloped countries equals that of us eprperiment
statiOJnsintheirearly yearsaUhe turn ofthis century,
when the share of capital in tbtal expenditures rose
steadily to peak at 29% in 11912, before steadily
falling. Physical capital (i.e., land, buildiI1tgs, equip
mentl etc.) has claimed the same share of overall
spending (about 8%) in us research stati([)ns for the
past three decade:s.

A: second factor in the 14gher share of capital
costs in less-developed country NARSS is that capital
items are often rellatively more expensive in less-de
veloped countries and they often lack adequate re
pair and maintenance facilities, leading to an early
writeH)ff of equipment. Factor substitution, where
less ejKpensive inputs aresubstituted for more expen
sive inputs, may ,counterbalance this effect some
what but is not likely to outwdgh it.

77,700

Researchersa

(full-time equivalents)

53,100
14,500

5,700
4,400

3,630

Expenditures

(millions '1980 dollars)

2,480
, 679
. 266
. 205

Crops & Livestock Forestry Fisheries

Region AgGDP Research AgGDP Research AgGDP Research

% % % % % %

Sub-Saharan Africa (22)a 88.6 87.3 4.7 73 6.6 5.4

Asia & Pacific, excl. Chimt (10) 89.7 81.1 5.2 9.4 5.0 9.6

Latin America & Caribbean (20) 94.2 92.8 2.9 5.4 2.8 1.8

West Asia & North Africa (7) 95.9 91.6 2.4 5.7 1.7 2.7

Less-Developed Countries' (59) 90.7 87.0 4.6 73 4.6 5.7

Note: Data may not add up exactly because of rounding.

a Bracketed figures represent nulnber of countries included in the regional samples on which dIe AgGDP breakdown is based. 'The research
personnel breakdown is based on regional samples that inelude a somewhat larger number of countries.

stock must b<f purchased.. The pattern of expendi
tures in the us, on the other hand, reflects that Of a
mature system, most of 'Whose capital spending len
tails replacementofexistingequipment. The empha
sis in the us s)'lstem has, moreover, bc::en consisteitly

Researchorientation

Crops
Livestock
Forestry
Fisheries

Total

ILivestock
8.7%

sources. The best mix of spending on capitaliequip
ment, personnel, and10perating costs will depend to
a large dergree on the relative availability and :cost of
research .inputs, their quality, and the type of re
search being conducted. Since the most effective
combination will differ between ~egionsand «change
within a system over lIime, it is unrealistic to propose
standardS for determining the "olptimal" mix of in
puts in rttSearch. The data presented in this section
should~ regarded as indicative .figures based on a
sample of countries" not as economic optima to
necessarily be targeted.

The available data suggest that in 1981-85 NARSS
in less-developed countries on average devote:d 19%
of annual expenditures to investment in physical
capital, compared with 8% in the. us.

The higher share lof spending on capital equip
ment by NARSS in less-developed lcountries supports
the conclusion, also evidenced by Itheir rapid growth,
that at least until the mid-l980s, most were in an
phase ofexpansion. During this phase, not only must
capital stock be replaced each year but new capital

7



A BRIEF HISTORY OF PUBlJJC AGRICULTURAL REsEARCH

=1

On-farm experimentation, tinkering; and learning by
doing have, been salient ,characteristics of farming since
the dawn ofagriculture. But the institutional innovation
ofthe publicly supported agriculturalresearch station is
ofa more recent origin, dating only from the second half
of the 19t1l1 century. Starting in Germany, extensive
systems of agricultural research stations were built up
rapidly throughout Europe, North America, and also
Japan duri.I:lg the latter part of the century. This laid the

!I foundationi for many of! the contemporary agricultural
research systems in thes,e parts of theiworld.

In many less-developed areas the history ofagricul
tural research was shaped to a large extent by each
region's colonial history. Africa, the Caribbean, and
substantial!parts of Asia owe the origins of their public
agricultural systems to former colonial powers.

In sub-Saharan Afric;a, Britain and to a lesser extent
France, Germany, Belgium, and Portugal established
agricultural research stations in their areas of influence,
starting from the end oithe 19th century. Although the
expansionwas somewhaterratic throughout the first half
of the 20th century, extensive networks of agricultural
research stations were in place by 1960 - when most
African co1llDtries achieved independence. In the case of
the British,colonies, all agricultural research facilities
were handed over to the new governments at the time of
independence, and financial contributions by Britain as

!! well as the provision ofBritishresearchers were reduced
rapidly. France, however, retained the administration of
agricultural research in its former colonies for a lengthy
period after independence and still supports them
through extensive bilateral agreements.

The institutional development of research in Asia
followed a pattern similar to that ofsub-Saharan Africa,
with Britain establishing research systems in India and
other British colonies, th;e Netherlands in Indonesia, and
France in tlndochina..As in sub-Saharan Africa" the
research focused on export crops and was commodity
specific. After independence many Asian research sys
tems underwent major reorganization and restructuring
and have evlolved into relatively large, complex systems.

8

Striking an appropriate balance between decentraliza
tion land centralizied coordination has been a continuing
issue in policy and institutional design.

China's agriClllltural research system is the world'sl
larg€,,st and most complex. China resisted colonial dom-,
ination and did not inherit a research structure like mas
other countries in the region. The nation's first research
station was established in 1902, but in the following 50
years only a few more were established. A research-sys-

1tem perspective emerged only after 1949:. Subsequent
development has been gradual anddisrupted by periodic
changes in political direction. However" since 19791
there has been a consistent effort to develop a coherent
research system. Research at the national level is con
ducted by a large number of rninistriesJ linked with
research at the provincial and local levels through a wide
range of collaborative programs.

Institutionalized agricultural research in Latini
America was not broadly initiated until the 1930s. This
was partly because colonial rule in the l:egion ended
before coloniallysponsored agricultural researchstarted
elsewhere. It was lalso because the region had relatively
abundant land aJild labor and did not face as much
pressure to deve~op productivity-enhancing technolo
giesas did other parts of the world. Ineffective govern
menlls that failed to supply adequate public services,
including researcliI, were also a factor. Most Caribbean
island states adopted research systems from former co
lonial powers. Exceptions were Cuba, Haiti, and the
DominicanRepublic, which had achieved independence
before public agricultural research was institutionalized
and where the pattern of development more closely I

followed that of Latin America.
Research stations in Norlth Africa date back to the

late 19thcentury and were in most instance:s established
by Frnnce and Great Britain. West Asian c(!>Untries were
protectorates rath(~rthancolonies.This, pluS the region's
limited agricultural production potential, meant that
agricultural research stations were established here later
than elsewhere and in most countries only date from
after'World War lI.

Whereas salaries! and operatin.g costs in lIIgricul
tural research expenditures repw..sent service flows,
capital expenditures represent additions to a stock.
Thus, the high share of capital in annual spending
may also exaggerateithe actual share ofcapital in the
services used to perform research. Capital equip
ment can last for many years, and a measure of
service flow, rather than ofexpenditure, would prob
ably reduce the share of capital actually usM by a
research system in any given year, particularly if
such a system expands rapidly.

The recurrent Ct>Sts of NARSS can be divided
between salaries and operating costs. In less-devel
oped countries, salaries tend to be lower and pperat
ing costS higher than in more-developed countries.
In 1981-.85 a sample of 43 less-developed countries
on average spent 30% of recurrent expendimres on
operating costs, compared with 25% in the us.

In 1981-85 NARSS in less-developed CO!untries
spent an 'average of$59,200 in constant 1980dollars
perresearcher, compared with $99,100 perresearch
er in the us. The contemporary level ofspending per
researcher in less-developedcountries again appears
to mirror the situation in the early years ofl the us
experiment stations.! In fact, in the us total spending
per researcher fell steadily in the early years as the
recruitment ofresearlchers outpac-ed rises in research
expenditures. In tM first 30 years, real operating
expenditures per researcher fell to roughly a third of
original levels and did not recover until the 1970s
some 60 years later!

One ()f the major difficulties in making plausible
international comparisons of factor shares. is that
cross-country diffenmces in price levels, which are
not consiistent across.different expenditure items, act
to confound the comparisons. Thus, if spending on
operatinJg costs and salaries is ~justed to take ac
count o~ price differences between countries, re
search in less-developed countries is seen to be more
labor-intensive relative to the us. Looked at this
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Legend: 0 <25 researchers;, 0 2S-99 researchers; • 100-399 researchers; • 400-999 researchers; I • >1000 reSll'archcrs.

a Number ofless~Iopedco~tIyNARSs

1981-85

ternan undertake a whole range ofreseal:ch endeav
ors more cheaply than if theese endeavOJ[s were un
dertaken by separate research entities. These
economies can be achieved, for example; by sharing
staff, equipmen~ information, or know-how be
tween different lines of research.

An important implication of this is that when a
systam can crealte sufficiently strong economies of
scope, these canl in tum lead to economies of scale
across the whole range of its activities, even ifsuch
economies of scale do not arise for some: individual
research programs.

Of course there can alsOi arise diseconomies of
scope, particularlly among small systems that spread
their! limited resources across disparalte research
areas. Thus, small NARSS will be unable. to conduct
research in all ar~as that mayiwarrant attention in the
agricultural systems they serve. They will have to
make choices between areas ofstudy, and this in tum

39

28

174 a

Figure 3: Distribution~ofless-developed country NARSs by size
1961-65

tions are subject to econ(])mies of size is limited and
far from defi'nitive. In the case ofa NARS, consider
ations of economies of size are confounded by the
fact that these systems generate a wide diversity of
prodUCts and services that vary in their commOdity,
technology, and agroecol.ogical specificity. For ex
ample, some activities relate to improving crops or
developingnewbreeds ofplants sui1tablefor specific
agroecologidal zones within a country. Alternative
ly, research aan be devoted to developing improved
crop and soill managemeht practices that will allow
L1rmers across a range of agroecoiogical zones to
increase yields or improve pest and disease control.

Even in the absence of scale economies with
regard to any particular line of research (e.g., a
particular commOdity research program), a system
may well be able to generate economies of saope
through ajudicious choicie in its portfolio ofrese.'U"ch
activities. Such scope economies arise when a tSys-

way, the share ofoperating costs in recurrent expen
dituresin 1981-85 fell to an average of 15% in
less-developed countries compared with the 30%
noted earlier.

After adjusting for cross-colllntry price differen
tials, operating expenditures 'per researcher are
much smaller in less-developed regions tImn in the
us. Agricultural researchers in sub-Saharan Africa,
Asia & I Pacific, Latin America & Caribbean, and
West hia & North Africa work with onJly 50%,
43%, 74%, and 22%, respectively, of the operating
resourC(~ provided ltO a US researcher. However, the
salary componentofrecurrent expenditures (includ
ing the salaries of both scientific and suppclrt staff)
in the less-develope:d regions is much closer to the
us level'. And in sub~SaharanMricait is even higher.
This may be accoUllltcd for by the relativtdy high
number: of expatriates still working in African
NARSS and the fact that the employment policies of
many governments in less-developed countries re
sult in NARSs empl~)ying large numbers of ISupport
staff.

Size,. Scope, and ,spillovers

Since 1961-65, the average size of NARSs has more
than donbled, from laround 400 to 880 researchers,
as has a~erage expenditure per. system. In less-de
veloped. countries the average isize of NARSs has
increased from 150 to 600 full-time equivalent re
searchers. Nevertheless, 95 ofl the 130 NARSs in
less-devlelopedcountries still employ fewer than200
researchers, while 39systems employ fewer than 25
researchers. Only 14 employ more than 100,0, illus
trating that the growth and development of, NARSs
in the last two decades has diverged significantly
(figure 3).

When analyzing lthe cost stru¢turesand effective
ness of a NARS, one needs to consider both the
overall size and diversity of itsl operations land the
agricultural system ilt serves.

The evidence on, whether or Inot research opera-

9
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requires some specializ.ation and flexibility in re
:sponse to opportunities as circumstances change.

The effi<ciency of a research system can also be
increased by adapting research conducted elsewhere
to local circumstances.i The ability to capture re
search spill0vers is particularly important for small
NARSS without the capacity to conduct much basic
research themselves. The best sowrce of spillover
would seemto be neighboring countries with similar
agricultural, systems and agroecological features.
This strategy would require a policy of hiring staff
for their ability to adaptl research to local situations
rather than to carry out original research. It also
requires flexibility in the research system to identify
and act upon opportunities arising from develop
ments elsewhere.

There is, some distUrbing evidence that many
smaller NARSS are unable to take ~p information
quickly enough and that the knowledge they work
with is increasingly out iof date. In a ,world ofgrow
ing international interconnectedness, harnessing
spillover from other res(:arch systems is most effec
tive if it can be adapted. to local circmmstances in a
timely manner. Using out-of-date information only
undermines a country's relative teclmological capa
city and thettefore its coflllpetitiveness.

Research andProductivity

There is a ltemptation to measure Ithe success of
agricultural.research inl terms of total agricultural
output per \llnit of research expenditure in a way
similar to the earlier productivity measures for land
and labor.

But research can probably best be seen as an
investmentactivity. The research process itselftakes
time, and a further period elapses before the results
of research are taken up; Recent evidence suggests,
furthermore, that agricultural Tesearcch can still have
an effect in increasing output for as long as 30 years
after the research was initiated. So to consider gains
in AgGDP as. a measure of the impac:t of contempo-

10

PRNATE RESEARCH

Anyformulation M future public-sector research policy
must take into account the lev,el ofactivity and changing
role lof the private sector in agricultural research. The
private sector's increasing participation in and funding
of research will (re-)shape research prioriities and the
most effective deployment of public-sector research
resOlJIces.

In. the more-developed countries, the private sector
plays a significant role in agrieultural research. Recent
figures indicate that in the US and Britain, for example,
privately sponsored and executed researchlaccounts for
about 60% of toulll (including postharvest) agricultural
research expenditures.

Althougha paucity ofdata makes comparisons diffi
cult, for less-devdoped countries a currentbest estimate
woul:d be unlikelyto exceed 10%. Much oflthis research
is located in Latin America and Asia and is concentrated
in a few large countries such as Brazil, Mexico, Argen
tina, land India. The bulk of this research iis performed
by those local and multinational companies engaged in
the Lmn-input supply industries (e.g., seeds, fertilizers
and other chemicals, and machinery) with some limited
researchoccurring in the food-processing sector. But, as
the level of purchased inputs in production agriculture
increases and the value-added in agriculture increas
ingly moves off-Larm to the marketing and processing
sectors, it is likely that the in<:entives for private-sector
investment in research in less-developed countries will
grow.

Three groups of factors influence the nature and
level,ofprivate agricultural R&D investmdnts: (a) mar
ket factors, such as the expected growth in demand for
agridultural products, derived demand for modem agri
cultural inputs, and factor prices facing farmers and
agribusiness, (b) the ability offirms to appn)priate bene-

raneous research expenditure could be Iinisleading.
As mentioned earlier, differences in the quality

ofland and labor, and the relative use ofother inputs
such as fertilizers and machinery, will influence

fits from new technoLogy, and (c) the technological
opportunities for producing profitable products.

Governments have a number of1policy instruments
with which to influence private R&D. Public-sector re
search can foster private-sector research by providing
(orselling) research results andby training the personnel
needed by private companies to coJilduct research. Pa
tents and plant variety protection laws, if they are well
designed and enforced; can create the necessary incen
tives for private compau.ies to investin R&D. Technolo
gy imports canstimulate local R&D, so more liber:alized
technological trade could also increase local private
sector R&D activities.

Innovative institutional arrangements can also help
foster those complementarities that exist when the gen
erally more upstream or "pretechnology" types of re
searchbest suited to the public domatin are marrioo with
the more iapplied, technology-generating types of re
search best suited to tbe private domain. For instance,
joint-ventme researchendeavors, where bothpublicand
private agencies jointly undertake and/or cofinance a
program of research are becoming more frequent!. Fee
for-servioe or contract research is also increasingly
being used to privatize I the financing of research being
performed! by public-sdctor research institutions.

Privatt:, for-profit research should not be seen as
something intrinsicall~ detrimental lID the publie good,
but neither is it likely that an unfettered private sector
has the incentive to invest sufficieIiItly in researching
those problems that will optimize social welfare; Pub
lic-policy formulators will need to 1xecome increasingly
sensitive to a rapidly changing technological andinsti
tutional environment in order to take advantage of the
opportunities that exist to mobiliz~ both privatle and
public research resOurCl~ in a socially desirable manner.

output and thus distort international comparisons of
productivity that an~ measured only in terms of
research.

Bearing these caUltions in miDld, one can see that
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a Measures the proportiOIll of national researchers holding a PhD or MSc degree or equivalent. Figures for Australia and New Zealand are: for
1981 aud for the United Slates are 1980 only.

b Does n.ol include China and India, the two major NARSs in the region.

HUMAN CAPITAL IN RESEARCH

Status rJ[Agrit:ultural Researchers, 1981-&5Average

appropriate labor force to confront the applied and .site
specific probkms that face many national research !sys
tems today.

Data for the period 1981-85 indicate that roughly
one-half of agricultural researchers, including expatri
ates, in less-developed countries held a postgraduate
degree, either an MSc or PhD. Ifexpatriate researchers
are excluded Ifrom the calculation, no less-developed
region has a share of researchers with a postgraduate
qualificationgreater than 60%, and ina significant num
ber it is lowerthan 40%. Among more-developed coun
tries, this proportion appears to be between 70% and
90%. Somewhat surprisingly, poorer less-developed re
gions have a relatively high proportion ofqualified staff,
although that iis much lower ifexpatriate researchers are
excluded from the calculation.

Expatriate Researchers

In many less-developed coluntries the early agricultural
research institutes were established by European 0010
nial powers and during the first halfof this century these
institutes welle staffed with expatriate researchers. On

independence, most former coLonies moved to replace
expatriates with national researchers. In some countrics
this change took place gradually1butinothers itwas more
abrupt and causedl major disruptions in agricultural re
search programs. At present, only the smaller countries
of sulb-5aharan Africa, the Caribbean, the P:acific, and
the oil-rich countries ofWest Asia have relatively large
proportions of expatriates on their research staffs. The
sha11e of expatriates is declining rapidly however. In
sub-SaharanAfric<i, for example, the sha11e ofexpatriates
in NARSs was about 90% in 1960 but had declined to
some 30% by the early 198Qs.

Making the plausible assumption that the. number of
expatriate researchers working 'within the Cihinese and
Indiansystems are, negligible, the percentage ofexpatri
ate researchers working throughout the lcss--dcvcloped
world! in 1981-85 is estimated to be around 3%.

Optimum Composition ofStlp!!

Althqugh economic development can be expected to
inc11CClSe the supply of univers,ity graduates, research
systems in some of the wealthier less-devel<IJped coun
tries appear to have difficulty I recruiting or retaining
qualified staff. In part, this is because salaries in public
agricultural research institutes are not competitive with
othefl job opportunities. In a n1Jtnber of coootries, for
examlple, universities employ large numbers lof PhDs in
the agricultural sciences, while the national public agri
cultural research institutes employ few or none.

On the other hand, as argued earlier, a large propor
tion of PhDs on tbe research staff does not necessarily
indicate a successfful research program. Thecontempo
rary systems ofAustralia and New zealand, for instance,
have lapparently achieved significant successes with a
high proportion of:staff trained to the BSc or MSc level,
as did the US system in earlier years. While notdiscount
ing the value of triaining researchers to the PhD level,
these observations' would suggest that greate~r attention
should be given tol the research lorientation and training
within BSC and especially MSC programs at local univer
sities irather than simply seekiQg a high proportion of
PhDs through training abroad, iparticularly when such
training is of questionable relevance.

%

45
53
51
27
48

57
78
93

Share of PostgraduatesllExpatriates
-----

%

29
11
2

18
12

na
na
na

Sub-Saharan AfricaEl

Asia &Pacificb

Latin America & Calribbean
West Asia & North Africa
Less-Developed Countriesb

Australia
New Zealand
United States

One ofthe fundamental strengths (or, too oft~n, weak
nesses) of NARSs, and a major faotor in determining the
success lofagricultural research, lies in the quality, com
position, and deployment of their research staff.

DeV1cloping meaningful measures ofthis human cap
ital component is challenging both conceptUally and
practically. Indicators such as uniivcrsity qualifications
and years of research experience may explain much of
the diff~rence in qilllllity between research systems, but
they <lI'e not the only factors. The composition of the
research staff will d~pend, among other things, on the
NARS's size and the type of research it is conducting.
These influences vary greatly between regions and will
changewithinasystemovertime.lForinstance,asmaller
NARS whose activities are focused more on qapturing
research spillovers and adapting them to local circum
stances is unlikely to 'need a cadre.ofresearchel's similar
to that ~uiredby a large NARS that is likely to confront
an altogether differelnt scale and ,set of research prob
lems. Similarly, while a system d0minated by research
ers holding PhDs anld 20 years of experience may be
considered highly qualified, it is not necessarily the most

11



Note: All expenditure figures an: in conslant 1980 dollars.

Table 6: AgricuLturaL Research Factor-Intensity Ratios

~

output per dollar spent on research fell by roughly
one-halfbe1tween the early 1960s and 1980s in both
more- and less-developed oountri~; (table 5). If di
minishing returns apply to research, so that the in
Icremental productivity gains to be had from it occur
lat a diminislhing rate, thiis result coulid be expected if
investment in research IOn specific Iproduction sys
terns steadily increasedj as indeed occurred.

In fact, all the more- and less-developed regions
continued to increase their research intensities dur
ing that period (table 6)l In 1981-85 less-developed
countries spent an ave~ge of nearly $4 per agricul
tural worker on research, 2.5 times the amount spent
two decades before. Inl more-developed countries,
spending on research increased 4.4 times over the
same period, to $214 fall: every agricultural worker.

There are a number ofextra factors that affect the
impact of rq,search in a ;particular region. Research
tends to be more effective in countries with a benign
climateand a small rangeofcommodities. Similarly,
lcountries with a wide diversity of production sys-

Region

Sub~SaharanAfrica (37)a
China
Asia & Pacific, excl. China (15)
Latitl America & Caribbean (26)
West Asia & North Africa (13)

Less-Developed Countries (9'2)
More-Developed Countries (18)

Tota:l (110)

Agricultural research expenditures

1961-65 1971-75 1981-85 1916-65 1971-75 1981-85

Per economicalLy active person Per hectare ofagricultural land
in,agriculture

1.7 2.7 3.1 0.2 I 0.4 0.6
0.9 1.4 .2.2 0.6 1.2 2.2
1.2 2.2 3.4 1.0 ,2.1 3.6
6.5 12.8 n.7 0.4 ! 0.7 1.0
4.5 10.5 14.3 0.4 1.0 1.4

1.5 2.7 3.8 05 .0.9 1.7
48.6 119.1 213.5 1.8 3.1 4.0

4.4 7.0 8.7 0.9 1.6 2.3

AgGDP per dollar ofresearch ex.perulitures

, Table 5: ~A.griculturatResearch cfPartial-Productivity" Ratios

238 202
254 254
452 314
12.15 173
199 192

293 244
71 49

144 117

Region

• Sub-Saharan Africa (37)3
I China
, Asia & Pacific, exc!. CWna (15)
, Latin America & Caribbean (26)
, West Asia & North Africa (13)

! Less-Developed Countries (92)
! More-Developed Countr:ies (18)

Total (110)

I Note: All expenditure figures are in constant 1980 dollars.

!l2

1961-65

390
243
701
328
351

422
104

205

1971-75 1981·-85

terns, ranging, for example, from subsistenoe farm
ing to colmmercial plantations, are likely to reap less
benefit per research dollar than a country where all
production and marketing take place under isimilar
circumstances.

A final factor U1rging caution in assessing the
benefits !of research in terms of increasing AgGDP is
that a large share of agricultural research may be
directed.towards maintaining gains from eatlier re
search rather than OOhancing o1iltput levels 'per se.
Recent elstimates suggest that in the us around one
third of research expenditures are spent on mainte
nance, and it is protiable that many less-developed
countries devote at least as much.
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1989198719851983

Advisory Committee (TAC), which now has 18mem
bers land a chairperson and meets three times a year.
TACproposes priorities and strategies fot the group,
reviews the quality and relevance of center pro
grams, and makes recommendations OIn resource
allocations amoDg centers. It is supported by a sec
retamatlocatedat FAO headq1lillrters in Rome. The CG
also has a secretariat that deals primarily, with donor
relations, financial matters, and management issues,
based at the World Bank in Washington,. DC.

In 1981-85, the CG accolUnted for only 1.8% of
global pUblic-sector spendi;ng on agricultural re
seanh, 4.3% if related to spending by and for less
developed countries. Its budget rose, in nominal
terms, from $20 million contributed by 2:0 donors in
197Jl, to $280 million from. 40 donors in 1990. If
corrected for inflation, the CG expenditures clearly
showdifferent phases ofgrowth (see figure 4). Rapid
expansion during the 19708 was followed by slower

1979 1981197719751973
o

1971

50

Figure 4: CGIARexpenditures,1971-1990
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"Base year = 1980.

dlefined as seeking to enhance sustainable agricul
tural production through .resource conservation and
management,! to increase the productivity of com
modity production systems, to improve the policy
environment,i and to strengthen national research
systems. When establishing research prioritiesl the
centers within the CG increasingly stress the spillover
potential of their research results across regions or
agroecologidl1 zones.

The CG is assisted in its work by a Techlllical

Contrary to the situation in many areas of scientific
research; there has always beenan importantelement
of international cooperation in agricultural research.
Much of this is due to the legacy of the colonial
relationships thatexisted at the time institutionalized
agricultural research was developing.

One ()f the leading international organizations in
the field is the Consultative Gro~p on International
Agricultural Research (CGIAR), an umbrella body of
around 40donorcountriesand internationalagencies
that fostt:r the activities of 13 supranational research
centers. (Recently tills number was enlarged but our
discussi(])n here refers to the original 13.) Ten of
thesc centers have their headquarters in less-devel
oped colllntries. The majority are lengaged in research
into either food commodities or agricultural produc
tion problems in a :particular tropical region, and
three undertake worldwide research into specific
commodlities.

Established in 1s)71, the stated objectivc~ of the
CGIAR (CG forshort), was to assistefforts to ilncrease
food production in the less-develpped world. In 1990
the goals were extended, in recognition of
agriculture's broadenole in economic development,
to helping less-devdoped countries achieve self
reliance in food. Self-reliance is taken to mean the
capacity of a country to provide sufficient i'ood for
its population, either directly through local food
production or indire,ctly by geDierating agricultural
exports llhat will allow food to be imported.

The activities ot· the CG can today be broadly

13



Note: Totals may not add up because of rounding.
• Includes China.
b In the absence of regional delails concerning these expenditure categories, CGIAR data indicate an equal distribution across regions.

Table 7: CGlAR Core Operating E~penditureS:by Category, Apportioned by Geographic Rl?igion,
1986-88Average

Sub-8aharan Asia & lLatin America West Asia &
Africa Pacifica & Caribbean North Africa

% % % %

Research activities
Rice 28 63 8 0
Wheat, barley, triticale 21 14 20 44

Maize 43 ;18 34 6
Sorghum, millet 53 42 5 0

Subtotal, cereals~research 33 :.40 16 11

Potatoes 30 15 45 10
Other roots & whers 45 0 55 0
I.e,gumes 18 30 27 25

Subtotal, crop research 30 33 24 13

livestock 68 0 21 11

Subtotal, commodity research 39 25 23 13

Farming systems 43 28 0 29
Food policy 42 55 2 1
Genetic resourccsb 25 25 25 25

NARS capacity ibuildingb 25 2.') 25 25

Subtotal, other research/activity 38 JG 8 22

Nonresearch activities
Information, collllIDunication, library, 47 22 18 13
and documentation

Training and cOluerenccs 40 30 21 9

ToM operating expenditl1rl~ 39 26 21 14

",.

!growth during the 1980s and appamnt stagnation or
even decline in the last few years.

The us r<emains the largest single,donor to the CG,
although bOth Europe and Japan increased their
:share of contributions dwing the 1980s. The World
Bank acts as a balancing "donor of last resort,"
.allocating its funds after other donor intentions are
lknOWD. It usually contributes around 15% of the
system's total budget eath year.

During the 1980s, although the CG was estab
lished partlyl in response to the high levels ofpoverty
and hunger in Asia, the emphasis in the allocation of
funds has shifted to sub-Saharan Africa. Between
1986-88, sub-Saharan Africa accounted for 39% of
the CG'S core expenditures, compared with 26% to
Asia, 21% to Latin America & Caribbean, and 14%
to West Asia & North Africa.

The "appropriate" regional allocation offunds is
just one of tbe policy issues facing the CG. Although
much of the increase in funding directed to sub
£aharan Africa has been for special projects, it is
~rguable thalt the conc<entration of resources has
swung too much towardS that region at the ultimate
expense of Asia, which has several-fold more poor
than sub-Saharan Africa"

The commodity orientation of the system has
been subject to change ,over time. ,As the system
expanded, the share allocated to cereal research de
dined steadily to about 40%, of which rice still
accounts for the largest share at 17% bf the system's
tOtal. Food crops, such as potatoes, other roots and
tubers, and legumes, acccount for 24% of the total,
while livestock research accounts for about 20%.
111e remaining resources are allocated to noncom
modity programs, including farming systems, food
policy, genetic resources~ and NARS capacity build
ing. The current expansion of the system has broad
ened its coverage to include fisheries, agroforestry,
and bananas and plantains. It will also eventually
include forestry and horticultural commodities.

There are considerable differences among re-
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gionS in the commodity oractivity orie.ntation of the
eG's endeavors (see table 7). Research'on cereals is

focused Ion Asia, while researc:b. on food legumes
appears .to be relatively equally balanced between



Table 8: Other MultilateralAgricultural Research andResearch-Supporting Institutes Based in Less
DevelopedC@untries, 1985

areas. The issue of the relative merits ofdeveloping
favorable versus marginal lands will continue to be
an important one for the CG, particularly with respect
to the potentiilll opportu~ty costs (in terms of pro
ductivity gaiIilS foregone) of diverting scarce' re
search resources away I from potentially more
responsive areas towards the more marginal ones.

It is likely that as national research systems con
tinue to grow and develop, they will be able to
undertake an increasing share of the adaptive and
applied researlch presently conducted by CG centers.
The CG has already begun. to encourage the centers
to engage in more pretechnology and strategic, re
search with greater spillover potential.

Research on resource manageme:nt will beC<llme
more importaht as the need for continued increases
in food produci;tion place an ever greater strainonthe
world's natu.rcll resourcesJ The CG has taken steps in
this direction. Strategies. on how best to include
agroforestry and to pay greater attention to resource
management concerns in the system's research pro
gram are currently being implemented. This is being
done by expatnding the system and redesigning its
approachin Older to incorporate institutional entities
thatspecificallyaddress research concerns within an
agroecologi~llperspective. Aware of the fact that

socioeconomic-·not just natural--<:ondinons con
straint the effectiveness and spillover potential of the
system's research, this agroecological aspect is be
ing overlaid on a geopolitical or regional dimension
to generate a so-dalled "ecoregional" perspective.

In addition to the 13 CGIAR centers discussed
here and nine kiJildred centers (some of which are
now members of the CG system), about 52 other
multilateral agricultural research and research-com
plementing institutions based in less-developed
countries were identified in 1985. Of thCli,e 52, only
17 were directly involved in conducting agricultural
research. The remaining 35 filled a researcch-support
role by providing training, ooordination~ informa
tion, and extension services in addition t<lJ financial
and I>rofessional support for agricultural research
agencies. Financlial institutions such as the World
Ban.1Q and the regional develppment banks are ex
cluded from this tally even lIhough they1have also
supplied some support other I than directlly through
their lending programs.

Table 8 indicates that only two of these institu
tions, work in more than one Iregion. Of note is the
high ,ooncentratiIDn of multillateral agricUltural re
search and research-complementing institutions in
sub-Saharan Africa. The mll;jority of these have a

=

the four 1major less-ldeveloped regions. CG-spon
sored activities on lUOts and tubers are predomi
nantly focused on sub-Saharan Africa and Latin
America" while almost 70% ofi its investment in
livestock research is concentrated in sub-Slaharan
Africa. Research oil- genetic re:sources is ~ually

dividedbetween the tour regions! Research ob farm
ing systems is largely concentrated in sub-Slaharan
Africa aM West Asia & North ,Africa and is now
receiving little attention in Latin America. Most of
the food policy research is concerned with Asia and
sub-Saharan Africa. Training efforts mirror the
overall allocation ofpperating expenditures.

The 1'990 reorientation of the CG'S objectives to
emphasize self-reliam.ce instead of self-sufficiency
in food was a recognition of the fact that increasing
food production is Illot in itself a solution I to the
hunger problem. Futllfe policies must reflect the role
of agricultural groWth as a means of generating
additional on-farm and off-fam) income aJild em
ploymentand the need to sustain thenatural resource
base on which contilllued gains in agriculturlal pro
ductivi~depend.

The eG's initial. efforts were largely ~geted

toward more favorable production environments.
Technol(l)gy packages were developed that inrvolved
higher rates of fertilizer applications and improved
water management and cultuml practices,1 along
with new crop varieties that were particularly re
sponsive to more intensified production regimes.
While the dramatic contribution of these technology
packages to increasing global fmod supplies is un
questioned, by the mid-1970s the CG had also begun
to addrCli,s production constraints in the more mar
ginal enivironments of the semi-arid and (sub-)
humid tropics.

At present about 130% of CG funding is ulrgeted
towards technology ,for marginal lands, which is
roughly ~ual to the percentage of the poor popula
tion in less-developed countries that live in these

Mandated region

Global
Sub-Saharan,Africa
Asia & Pacifile
Latin America & Caribbean
West Asia & North Africa

Total

Total

number

2
21
12
14
3

52

Executir:tg

research

1
3
3
9
1

17

Local

o
5
2
3
3

13

Funding sources

International

10
6
:2
10
10

:B

Mixed

2
10
8

til
o

131

15
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research-support function, with only three of th,e 21
in the region conducting any agricultural research.
The region ,with the laJ1gest number of multilateral
institutions actually conducting agricultural re
search is lJatin America & Caribbean, including
some subre.gional agencies such as CARDI in the
'Caribbean and CATIE in Central'America. Only
three multilateral institutions are ~eported for the
iWest Asia & North Africa region.

An instiltution can be defmed as being interna
tionally funded if most bf its funds are provided by
donors outside the regi([)n, mixed ifI both local gov
ernments as well as donors from outside the region
provide funding, and local if most bf the funds are
provided by: local governments. Only one-quartt:r of
the multilateral institutions identified in table 8 are
funded solely by their alient governments. In most
cases, the existence of tbe multilateral institutions in
less-developed countrks is heavily dependent on
funding from outside the region ill' which they are
pperating. In many instances, Western donors have
been the driving force behind the creation of these
institutions, and their e~stence in practice often has
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littlel to do with ~egional cooperation. Such cooper-
ation is often impeded by political instability, strong
nationalistic tendencies, and a prevalence of na··
tionall institutions that are too weak to effectively
participate. The future of regional approaches to
agricultural research, particularly in sub-SaharaDi
Afri.~a and LatinlAmerica & Caribbean, is presently
under active policy review.

Another layer of agricultural reseanch activities:
that transcend national boundaries is bilateral tropi-
cal agricultural research. Most European coloniall
powers had built up considerable coloinial agricul-
tural research systems by the time their colonies:
achieved political independence. In the ,post-coloni-
al era, there has been a strong shift from institution-
alized program support to project-oriented donor
activities in agriculturnl research. This has involved
a changing cast lof actors, with the expertise once:
found. primarily in colonial services now residing
variously in univrersities, specialized research orga-
nizations, and increasingly, in privatc~ consulting
fillllS that manage competitively won projects.



POLI1iICAL AND FINANCIAL SUPPORT FOR AGRICULTURAL REsEARCH
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A fundamental task,facing NARSs is to win public
support for research and translate it into financial
support. This must be done in the context ofa public
sector subject to competing claims on its scarce
resources from various interest groups in society, be
they producers, consumers, or taxpayers.

From this perspective, governments give differ
ential preference to' various prQlgrams both within
and between sectors of the economy in response to
such pressures. Thus, agricultuIial expenditures are
committed to such programs as rural infrash-ucture,

education, and credit as well as to the generationland
dissemination of new agricultural technologies. In
addition, many poorcountries implement distortion
ary pricing and marketing policies in the (short-run)
pursuit of cheap food pOIlicies and the like, which
ultimately tax agriculture and accelerate the transfer
ofresources from the sector. These same policies, in
part by undervaluing sector-specifk assets in agri
clll1ture (e.g., Iland and irrijgation facilities), can also
lead to underinvestment in agricultural research land
to a low level ofeffort invested by farmers in search-

ing fior, evaluating, and adapting new agricultural
technologies and! practices.

To gain a full understanding of the observed
disparities in the nature and level of ~upport for
agricultural research (and the ultimate productivity
effects that flow therefrom) would require detailed
consiiderationofthese "political economy"forces
an exercise thatwould take uswell beyond our brief.
Rather, the aim here is to present comparative evi
dence on the levd ofsupport for public agricultural
research and to place publicly funded res('.arch in thc
contextofthc overalllevcl of:supportfor agriculture.

A traditional measure of the level of support for
agricultural research is the. agricultural research
inteDsity ratio that expresses levels of research
spending as a percentage of AgGDP. In figure 5 we
havel plotted this. ratio for the period 1981-85 for as
many countries as possible.

Although the: majority of the less-developed
countries spent well above 0~5% of AgGDP on agri
cultural researchIin 1981-85~ the weighted average
was only 0.4% ~table 9). This apparent. difference

Table 9: AgriculturalResearch-IntensitiRatios by Region and Income Group, WeightedAverages

Regiona 1961··65 1971-75 1981-85 Income group<l 1961-65 1971-75 1981-85

% % % % % ,%

Sub-Sabaran Africa (37)b 0.26 0.42 0.49 Low (30) 0.22 0.27 1035

China (1) 0.41 039 039 Lower-middle (28) 0.24 035 0.40

Asia & Pacific (15) 0.14- 0.22 032 Middle (18) 0.25 0.46 057

Latin America & Calribbean (26) 030 0.46 058 Upper-middle (18) 0.27 0.44 1055

West Asia & North Africa (13) 0.28 0.50 0.52 High (16) 1.08 1.57 2.23

Less-Developed Countries (92) 0.24 034 0.41 Total Sample (110) 0.48 0.65 0.76

More-Developed Countries (18) 0.96 1.41 2.03

• Countries assigned to income c1asses bal;ed on 1971-75 per capita GDP averages where low is <$600; lower-middle is $600 - $1499; mitldle is $1500 - $2999; upper-mitldle is $3000 - $5999; and high is ;, $6000.
b Brackelled figures relRSt'nt number of countries in each: region or income class.
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Figure 5: ,Agricultural research-ill1tensity ratios, 1981-85 average
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Table 10: A,griculturallandAgriculturalResearch ShareS' in Public-Sector Expenditures

Note: All data represent simple averages across all countries in each income class.

a Countries assigned to income.classes balledon 1971-75 per capita GOP averages where low is < $600; lower-middle is $600 - $1499; middle
b is $1500 - $2999; upper-middle is $3000 - $5999; and high is .. $6000.

BI3ckeled figures represent number of counUies in each income class.

Percentage ofagricultural expenditures in ;total government expendiJ1ures

Percentage ofagricultural researc:h expenditure'> in total government expenditures

1981-85:1976-80

minimum, a detailed consideration of the decision
makiing processes whereby ]public reseaICh invest
men1/S, pricing jpOlicies, and the like are jointly
determined. Particular attention would need to be
givelll to the relative incidence of research benefits
and ceosts (across· producers, ceonsumers, amd taxpay
ers) in relation to alternative: policy instruments 
inveSting in~ public goods such as agricultural
research versus: taxes, subsidies, and production
quotas. Nevertheless the macro-level data in table
11 are suggestive of the general nature of the polit
ical economy forces at work.

0.8 0.7 0.7
0.7 0.5 0.6
0.5 0.4 0.4
0.2 0.2 0.2
03 0.2 0.2

05 0.4 0.4

105 11.7 11.2
75 8.1 93
65 5.7 5.2
6.7 4.7 43
3.0 2.7 25

7.1 6.9 6.8

1971-75
. a

Income groUlp

Low (13)
Lower-middle (18)
Middle (12)
Upper-middle (12)
High(l5)

Total sample (70)

Low (13)b
Lower-middle (18)
Middle (12)
Upper-middle (12)
High (15)

Total sampl¢ (70)

agricultural research than high-income countries,
around 11% ([)n agricultuJ:e and 0.7% on agricultural
research, comparedwith3% and 0.2%, respectively,
ill high-income countries. Moreover, the shaJ1e of
public expenditures onagriculture directedspecific
ally to research remains surprisingly constant, at
around 8% iri 1981-85, for both poor and rich ooun
tries alike. This contrasts markedly with the datta in
table 9 that lreport agri¢ultural research-intensity
ratios for pom countries that are substantially lower
than those for rich countries.

To understand why this is so would involve,i at a

between simple and' weighted average is caused by
the fact I that the smaller less-developed oountries
tend to have substantially higher agricultural re
search- intensity ratios than the large less-developed
countries. The weighted average ofthe morn-devel
oped COlllD.tries barely reached 2% in 1981-85. The
Southem European. countries lagged significantly
behind the other more-developM countries. When
calculated by income group, a I(not so sUIJlrising)
strong correlation appears between per caipita in
come and the agricultural research-intensity ratio.

Alth([)ugh agricultural research-intensity ratios
approximately doubled in both more- and less-de
veloped countries between 1961-65 and 1981-85,
they declined in the latter halfof that periodl in 37%
of the less-developed countries,1 half of which were
in sub-Saharan Africa.

Research investment has traditionally pmduced
high levels of return compared with investments in
other areas, up to and exceeding 35% in some in
stances.. This fact, amd the gap in investment with
more-developed countries, have led some authori
ties to C([)nclude that many less-developed oountries
underinvest in agridultural research. It has also led
to calls from the World Bank, for example,: to set a
research investment target of 2% of AgGDP.

Research-intensity ratios arle useful to Ipolicy
makers because they indicate tbe importance other
countries attach to agricultural I research. But they
may be Ian unreliabk indicator·of the apprppriate
ness of lil nation's research invelstment because the
efficacy of a country's research endeavor differs
between regions andl over time. It could therefore be
more helpful, instead ofsetting arbitrary tarrgets for
research investment, to fix a desired rate of return
from thle investment made - to set targets that
would push rates of return below 20%, for example.

The data presented in table 10 show thatlow-in
come countries spebd a considerably greater share
of overall public expenditures ,on agriculture and
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The table shows that in high-in1come countries,
total annual,governmentspendingon agriculture per
,headofagriculturalpopulation was,86 times greater
than in low-income countries for the 1981-85 pe
riod. However, this diff<trence drops dramatically, to
a factor of8, if one compares government spending
on agricultlue per headl of total polpulation for the
;two groups ofcountries! during the same period. Per
lcapita spending on agrJicultural research follows a
isimilar pattern. Thus, as one moves from low- to
high-income countries, the level ofper capita "bene-

fits",or transferS! accruing to rural-bastd coalitions
may well increase at a disproportionately larger rat(~

thanlthe per capita incidence of "costs" associated
with such programs. If this were the case, then the
willingness of rural-based coalitions to lobby gov··
ernments in support of agricultural r~earch (and
othet forms of interventioDIS that transfer resources
to agriculture ratber than the nonagricultural sector)
may in tum be positively associated with per capita
income.

Table 11: Annual Public Spending on Agriculture andAgricultural Research (Constant 1980 Dollars)

Government expenditure on agriculture Agricultural research expenditures

1Income groupa 11971-75 1976-80 1981-85 1971-75 1976-80 1981-85

Per headofa,I(T"icultural p(flpulatwn

1Low (13)b 14.0 18.9 21.1 0.9 1.1 13
1Lower-middle (18) 44.0 695 102.1 •3.7 4.0 5.3
1Middle (12) 77.8 94.8 119.2 •55 6.1 7.6
1Upper-middle (12) 218.8 358.7 5523 12.6 19.8 265
1High (15) 1338.2 1423.1 1801.0 91.8 113.2 140.6

; Total (70) 362.4 404.1 531.2 23.9 29.9 37.6

Per head l"Jftotal popu1atwn

1Low (13) 10.0 13.4 14.1 0.7 0.8 0.9
1Low-middl¢ (18) 20.9 29.6 38.7 115 1.8 2.3
! Middle (12) 31.6 35.3 38.1 2.4 2.3 2.6
1Upper-middle (12) 66.0 62.1 73.0 2.2 25 2.7
1High(15) 111.5 112.4 115.0 ,7.3 8.1 85

, Total (70) 47.9 50.9 56.3 2.9 3.2 3.5

, Note: All data represent simple averages across all countries in each income class and are expressed in constant ]980 dollars.

, 3 Countries assigned to income classes based 001971-75 per capila GOP averag'~ where low is '" $600; lower-middle is $600 -1$1499; middle
is $1500 - $l2999; upper-midC:Ile is $3lXXI- $5999; and high is :>: $6000.

b Bracketed figures represent number ofcountries in each income class.
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EMERGING ISSUES

The current world population of <It littleover 5 billion
could double by the year 2030. This continued pop
ulation growth, coupled with an increase Iin per
capita income, particularly in the less-developed
world, will place upprecedented pressure on the
world's agricultural system to meet the increased
demands for food and fibre.

There are two major areas ofIconcern relating to
agriculture's ability tomeet these demands. The first
is the fear that available natural, resources, such as
water and land, are deteriorating to the extent that
the necessary growth in production cannot be
achieved and maintained. The second is the contri
bution of intensive agricultur~ to environmental
damage,1 particularly global warming.

The issues that Will place th4.~ greatest demands
on the agricultural research system can be classified
under !via broad headings: (a} technological and
biological factors and (b) resource and environmen
tal factolrs.

Technological andBiologicalFactors

Almost latl the increases in farm output required to
meet global needs well into the second decade of the
next century must come from futther intensification
of production practices on existing agricultural
lands. Conventional: production Ipractices add tech
nologies are unlikely to be replaced by"new-genera
tion" tecthnologies ill the short term. But productivity
gains fr(J)m conventional sources are likely to come

in smaller increments than in the past, and to an
increasing degree, these gillins are likely to be crop-,
animal-, and location-s~cific.

This suggests that a greater emphasis must be
given to improving farm management skills in order
to make mor~ efficient use of fertilizers and other
(purchased) ipputs and 10 improve the control of
agricultural pests and diseases, along with the man
agement of the agricultural resource base (e.g., land
and water). Productivity gains will come primarily
from increased knowledge ofspecific land and crop
systems. For the benefits to spread throughout I the
globe, more emphasis must be given to sharing and
transferring iJjrrormationand management practices,
not simply new technologies, between systems.

One approach is for both national and interna
tional agriculltural researll:h systems to increase the
proportion ofl resources devoted to improving agro
nomic and livestock management practices relative
to genetic improvement programs.

It is also the case thatan increasing share of the
new knowledge generattd by research will reach
producers in I the form of proprietary products or
services. This means that the incentives must exist
to draw subS1iantially mOire private-sector resources
into agricultural research. This will enable public
sector research organizations to focus their resec"lfch
efforts on those more basic or pre-technology areas
where the private sectolr has fewm incentive:s to
invest Ratiomalizing regulatory regimes will playa

large role in determining the profitability ofresearch
investments as ~ll as the international transfer of
new lI).gricultural technologies.

R~~source and 'EnvironmentalFactors

The second categJory of concerns includes issues of
resource and environmental constraints as they re
late to our abili~y to achieve sustained Igrowth in
agricultural production. On the one hand, intensive
farming in the riecent past has led to Wide-scale
pollution of ground and surface water supplies by
fertilizers and pesticides, to soil erosion in many
regions, and to theaccelerated development ofresis
tance by many pests to chemical control. This raises
doubts about the ability of the natural resource base
to sustain continuing growth.

The other aspect of the problem is the contribu
tion of agricultur1e to global warming and! acid rain,
and the effects clrimatic change may have on future
agricWturalprodnction. GlobalwarmingWill almost
certainly lead to some (currently unknown) rise in
the earth's surface temperature over the next half
century. The prime causes of global warming are
emissionsofso-calledgreenhouse gases, principally
carbmn dioxide, mtrous oxid<:~, and meth8lJle.

IIlldustry is the largest producer ofcarbondioxide
emissions, but agriculture is estimated tOlcontribute
around 25% ofth.e gases that cause global warming.
The extensive burning of tropical rain forests, much
ofit carriedout to produceagriculturallaIlld, not only
contributes heavllY to the production of greenhouse
gaseS but serioll&ly reduces the planet's capacity to
recy~le carbon dioxide. Neady 50% ofnitrous oxide
emissions come from soils, fertilizers, land forest
clearrance. Agridulture is also the sour(:e of most
methane releases:.

Without substantive instimtional reforms at the
national and intc:rnationallevel, efforts to prevent
changes in climate by curbing harmful: emissions
appear unlikely to succeed in the foreseeable future.
Although there may be progress in redulCing indus-
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SUSTAINABIUTY

Some GeneralPrindples

The concept of sustainability encompasses a wide vari
ety of concerns regarding the potential for economic
development to run into resource and environmental
constraints,1 retarding fu1lUre progressJ To move beyond
broad generalizations toward an operational definition
ofsustainability (that has implicationS for research pol
icy) is problematic. Nevertheless, given the potential
long-term qnportance ofthese concerns, the sustainabil
ity concept! is likely to playa role in research policy
formulation for some time to come. Moreover, in a
number of countries, environmental deterioration has
become so severe thatwllat used to appear to be long-run
problems have become short-run problems as well..

In providing an operational defiIllition, it must be
recognized that for any given system, one may wish to

I sustainmore thanoneaspectofthatsystem, andconJIicts
may arise. An approach to sustainability in one geo

I graphic area may conflict with or enhance sustainability
in others. Serious discoUISe on the concept of "sus
tainability" without further specification ofwhat is to be

, sustained, atwhatleveIs, overwhatge<,>graphic area, and
; without a clear notion of the link between sustainability
objectives and other societal objectives is not possible.

For instance, if the goal is to sustain levels of con
: sumption pe~r capita and population is. growing, growth
in the output of consumption goods iSI necessary. Or, if
the prices of inputs and outputs an~ changing, then

.sustaining the profitability of farming requires that the
Iproduction system be cdntinuouslyaltered. The basic
1idea of sustainability becomes more d~c, and sus
,tainability becomes "sustainable development" - sus
:tainability per se is not enough.

If the objective is sustaining overall aggregate well
,being in indiividual countries, then a clear set of policy
i issues emerges. It may not be necessary, and may even
'be counterproductive, to insist on the sustainability of
every coIIlp([)nent of a subsystem. MUch of the debate
appears to be overly concerned about the sustainability
of particular components while ignoring substitution
possibilities among the components of a system.
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Butone should notbe excessively sanguine about the
substitutability ofi natural resources and o1ther inputs in
production. Recognition ofthe uncertainty land potential
irreViersibility of ltampering with natural systems has
prompted calls fOif maintaining the status I quo or even
"rolling back" our interventions in the natural world.
This largument is not without foundation but it must also
be recognized that such an approach riskS foregoing a
large number ofl perfectly sustainable activities that
greatly enhance human well-being.

Inmany respects, the weightgiven to uncertainty and
irreversibility andl the degree of aversion to the implied
riskshes at the heart ofmuchofthesustainahility debate.
This lpoints to the'need to identify possibl~ irreversible
activities and thel associated indicators of impending
irreversibility for different agroecological zones, pro
duction systems, and sociocultural situations.

Some Specific Issues

There are three basic~ of potential deglIlldation and
impending irreverSible harm to natural and environmen
tal systems that are central to the question ofsustainable
deve\opment of agricultural systems in the less-d.evel
oped,world: (a)~ experiencing rapid ,change, at a
pace sufficient to loutstrip the capacity of farmers and
others to adapt, (b)I~ underintense resOlHce manage
mentresulting in environmental pollution, overreliance
onexhaustible inputs, suchas fossil-fuel energy sources,
and overexploitation of renewable resources, such as
irrigation water, and (c) marginal areas oflow potential,
such as mountainous areas, areas at the edges of plant
ranges, or those with poor soils or climates ..

The dual concerns of maintaining the msource base
and increasing crop yields have led to the conclusion that
most research attention should be directed to marginal
lands land to techn~logiesother than those 6f the Green
Revolution. This "marginal-lands hypothesis" raises its
own concerns. For lone thing, it is predicated on the idea
that fUture gains from favorable~ using. Green Rev
olution technOIOgil~,or their predecessors, are limited.
Although yield gaps for some cropping systems in fa-

vorable areas appear 1to be shrinking, it is certainly
premature to presume that yieldceilings cannotbe raised
in the future. Moreoyer, simply maintaining existing
yield potentials in more favored environments n::quires
a continuous investment in maintenance research to
combat the effects ofpc~t, disease, and possible resource
(e.g., soil and water qUality) degradation over time.

The expanded reliance onmanufactured, nonorganic
inputs in lintensified agricultural proouction systems is
another area of concern. Abandoning the use of these
inputs in the short term because ofpossible increases in
future energy prices again seems premature and denies
the prospect ofsuffici~nttechnical change in input mar
kets in the future.

Certailnly the use ofexternal inputs may cause'pollu
tion. But,. the appropriate level ofpollution is generally
not zero. The costs ofpbllution must,be weighed against
the costs of pollution control and the foregone benefits
associated with the activities that cause pollution. More
over, lands vary tremendously in terms of the cisk of
pollution for any given level of inputs. It is possiible to
recognize the gains from applications of inputs on some
lands, willIe restricting applicatio!1S on others; even
under the same cropping system. This kind of targeted
approaCh .• represents a, substitution' of knowledge for
environmental capital. :Research is needed on the extent
to which. this substitution can be :achieved across a
variety oflagroecological zones and cropping systrems.

Progress towards building a sustainability perspec
tive into agricultural research will be in the context of
specific geographic areas, production systems, and re
source concerns. Whille generic recK)mmendations are
difficult, a: few do emerge: (a) efforts, should be made to
measure the economic costs and external effects !Of ag
ricultural production so that prices ofinputs and costs of
productioLl adequately reflect their !full cost to sOciety,
(b) techniques should be developed to accowlt for
resource depletion in economic teIlIl$, (c) primary atten
tion shoulel be given to luncertainty and impending irre
versibilitie:s in determining priorities: for action, (d) the
generationanddiffusionofimproved:management prac
tices shouldbe given m@reemphasis,land (e) monitOring
capabilities need to be enhanced so tlmt the status !Of the
resource base can be assessed in a timely fashion.
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trial pollution in industrialized '.countries, emissions
are like1ly to rise in line with economic groWth in the
less-developed world. Furthermore, efforts directed
at curbing the pace offorest clearance or the intensi
fication of agriculture are unlikely to produce dra
matic n~ults in the near future.

As a .consequence, it is more probable: that an
"adaptionist" rather than "pre:ventionisf' Istrategy
will prevail in the near term. Such an approach
would rrequire the creation of institutions and poli
cies that permit sustained agricultural growth while
at the same time tackling the problems it causes 
for instance, with more effective programs to man
age the world's water resources. It will also require
greater lefforts to change current policies that en
courage harmful practices to policies that take ac
count of the wider public good.

However, manyIof the recent advances in pro
ductivity have been based on the availaI>ility of
abundant supplies (]If cheap energy. As oil and gas
supplies arc likely to become increasingly scarce
and more expensivel in the next century, it iSI incum
bent on research systems to develop alternative,
energy-efficient production methods.

Thes,e concerns mean that research must place
greater emphasis ondeveloping new farmin,g meth
ods and Iland uses that act to sustain or enhance the
natural resource basle for agriculture.

A number of priorities can be identified in this
connection. PerhapsIthe most pressing is to develop
new environment-friendly chemicals and biological
pest-control technologies and to develop new farm
ing methods that wiD reduce soJil erosion, saliniza-

lion, and groundwater pollution.
Carrying out most of these changes will require

better information on the causes and the extelnt of
environmenital damage. IThere is a serious lack of
information· available 0111. the most basic issues, on
the actual d~gree of soil erosion and the full extent
of groundwater pollution and spedes loss, for in
stance. A comprehensive information system must
be developed to document these and other problems,
<lIS well as their effects on human populations, in
cluding the health risks they pose and the limits they
place on advrances in welfare.

One ofthe high-priority issues in the next century
will be the state of the world's water supply. Agri
culture is a major user, (lIS well as a major polluter,
of water supplies. Water pollution has a serious
impact on public health and agricultural production
iJll many COulntries. Furthermore, climate change is
sure to produce important changes in the distribution
ofand demand for theworld's watersupplies.A llligh
priority must therefore be to enhance the efficictncy
of water use both in the long and the short term.

A final issue requiringurgent consideration is the
effecton farmers' behaviorofgovernment interven
tions in farm commodity prices, such as price sup
ports and subsidies, programs that directly promote
or quantitatively limit production, and tax incen
tives. The task of research is to ensure that govern
ments take into account Ithe consequences for the
environment of the actions that their policies may,
and indeed do, induce.
While the past contributions ofagricultural research
to productivity gains and 11he improvements in living
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.CLOSING COMMENTS

standards that followed have been impressive, the
•challenges that lie ahead are considerable indeed.
There willi be unprecedented increases in the de

I mand for additional food and fibre J)roduction while
I the threats to even achieving, let alone sustaining,
such levels of output in the face of a degrading

I natural resource base for agricul1lure loom large.
•Such threalts appear as real for the more-favored,
I intensively cultivated production environments as
I they are for the more marginal areas.

There are unlikely to be any quick technological
fixes. In fact, for the more immediate term at least,

I maintaining as well as lenhancing past productivity
I increases is likely to come from. the incremental
! gains arisingfrom a whole array ofnew technologies
•and management practices. While individually less
•"newswort'J1y" than the Green Revolution technolo
I gies of the past, these sources ofgrowth, when taken
as a group" will nevertheless be just as real.

But to realize these output gains in a manner that
:preserves the environment will require a sustained
·commitment to national and international research
•endeavors. I While many countries experienced a
·substantial ,growth in their research capacity ill the
19608 and 19708, a considerable number saw an

•erosion of their public,..sector research capacity in
the 1980s. IAlthough privately sponsored research

•efforts are sure to grow in the futun:, the corollary is
I not necessarily to cut back on public-sector invest
ments. In fact, the substantial growth in privately
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sponsored research in the us over the past several
decades occurred in conjunction with a continued~

albeit slower, growth in public-sector research in
vestments.

To fully harness the potential complementaritics
and synergy between public and private researcll1
endeavors willnequire that more attention be given
to each sector's comparative research advantage. In
particular, the gains to researching improved agri
culmral managltment and production Ipractices -
those that will playa large role in realiizing sustain
able increases inagricultural output - are generall:y
difficult to appropriate and likely to remain the
domain of the ]public sector; so too are the mme
basic, pretechnology types of research that in turn
lay Ilhe foundations for the privately sJPOnsored ap
plied and adaptive researcll1 programs of tomorrow.
Failure to support and nurture today's, research en
deavors may well reap many unfortunate and unde
sired consequences in the not-too-distant future.


