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IARC Investment, National Research and Extension
Investmont and Field Crop Productivity

R. E. Evenson
Yale University

A largs number of studiss showing relationships betwesn ngricnltutnl.pto-
ductivity changes and investment in agricultural ressarch programs ia specific
countriss have now been undertaksn. (Norton and Davis 1982, and Ruttan 1983
provide reviews), However, in spite of the voluminous literature on the ‘grsen
revolution’ part of which was associatsd with International Agricultural
Research Center (IARC) investments, little systematic study of ITARC impact on
productivity has besn made. This is in part because the impact of an IARC is
international in character. Some studies of productivity in a particular
country kEvanson 1983 for India) have inferrsd IARC impact on the basis of IARC
based high yielding variety (HYV) data. This, however, does not capture the
full IARC impact because much of it is channslad through avenues other than
HYV's and bscause it occurs inm a number of countriés. This paper reports
econometric estimates of impacts on crop productivity of national investmsnt in
crop spscific research, international investmsnt in JARC research on the com-
modity and national investmsnt in extension. The estimates ars bassd on intsr-
national data, The crop productivity date are for five coreal grains (maize,
millets, sorghum, rics and whsat) end five stapls crops‘(beans. cassavs,
groundnots, potatoss and sweet potatoes) for 24 countries for the period
1962~82. IARC programs were initiatsd in each of thsss ten field crops =2t
varying timss over this pesriod.l

Ssction I of the paper discusses the scomometric specifications nsed in the
study. Ssction II reports ths estimates of ths koy paramsters, Section III

discusses the sconomic and policy implications of ths ostimates,

o
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I. Econometric Specification

Since the focus of this study is on IARC effects, certain data limitations
will have to be accepted. It will be necsssary to pool data from several
countries. Further, it will be necessary to deal with commodity specific data
since the interest is in particular IARC programs rather than in their general
or averzges impact. This means that the only real crop specific productivity
variables which can be observad are mesasures of production and arsa harvastad.
In addition it is possible to measure irrigated area of all crops relative to
all harvested area and fertilizer usad on 2ll crops.

It is not really possible then to estimate & full production function or to
computs a total factor prodectivity imdsx by crop for each country. Ths prac-
ticsl altsrnative options are to estimate ome of the following specifications:

(1) PROD/HA = a+bHA+cI%+dF*+eR

(2) LN(PROD) a'+b 'LN(HA)+c'LN(F)+d 'LN(F?*)+2'R
where PROD is production in mstric toas.

HA is hectares harvested.
I* is the ratioc of irrigated area to planted ares for crops that are

normally irrigated.

F®* is the ratio of fertilizer used (valusd at constant world pricss) to
acreags of crops normally fertilized.

R is a vector of research-sxtension variables,

These spscifications are production function ’‘proxies’. The variable, HA,
actually has 3 roles in the specifications:

a) It msasures productive services from land.

b) It measures land expansion — contraction effects (i.e. where land
quality for nsw plantings may differ from the sverage land quality for the
commodity)

¢) It is correlated with other 'left out’ imputs such as lsbor and machin®
services 2nd it may thuos ’‘pick up’ their effects.

This stody is not interested in the estimates of &', b', ¢’, or d’ per ss.
Nor is the exact functional form of ths production function an important issue
since no attempt will bs mads to interpret coefficients as technical substitu-

tion paramsters. The datz available are not suited to zddressing thess rela-

tively fine qnestions.3 The primary concern is with estimates of the e’
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. yeetor of cosfficients on the ressarch-extension variables.

Option (2) above is chosen as the more reasonable specification because
left-out unmsasured inputs are liksly to be proportional to cropped ares (Ha).
The coofficient b' will, of course, not be an estimate of the marginal product
of 1and in that cass, but as noted, that is not of direct concern. The loé-
linear relationship bstween the research—extension variables and production is
also consistent with some evidence on ressarch productivity. Griliches (1958)
found that hybrid corn varieties tended to improve yields proportionately
rather than additively. . The I® and F* variables ars included only for thoss
crops tﬁat are either irrigated or fertilized. Thsse variables are not meas-
ured on a crop specific basis, but they are likely to be proportional to actuoal
crop spscific variables 2and hence their inclusion can reduce bias.

All specifications includs country dummy variables. Thus ’‘country effects’
such as soil and climate factors, measuremeat errors, iﬁfrastructure. etc.,
that affsct production or yield levsls but not their change over time are
picked vp by these dummy variables. Specifications that pool commodities also
include commodity dummy variables.

The most important variables in this analysis are the research and extsn—
sion variables., Ths following factors require attention in developing thess
variables:

1. The appropriate form of these variables is & ‘stock’ form reflecting
the fact that currsat production is gffecte& pot simply by curreant research and
sxtension activitiss but by investments in the past.

2. Ressarch and extsasion 'interact’ in that the effectivsness or produc-—
tivity of ons activity is affsctsd by the lovel of other sctivitiss. Thers is
also a kind of 'hierarchy’ of these or activities with IARC's being furthest

from the farmer, national resoarch next furthsst snd extsnsion clossst. Ths
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IARC's producs new tschnology than can bs either a substituts for or a comple-—
ment to the technology prodoced by national research programs. If IARC tech-
nology (such 2s a new crop variety) is well suited or ’'matchsd’ to a nation’s
producing environment it will bs a substitute for national research produced
tschnology. IARC investmesnt in this cass will lower the marginal product of
national research. It could be a2 complement to national extemsion by providing
more technology to extsand. On thes other hand, easily identified techmnology may
snable farmers to bypass traditional extenmsion services. If TARC technology is
mismatchsd to national production conditions it may b2 a complement to mational
research because it provides national systems with scope for adaptive research
thes raising the marginal product of national research. -

3. Appropriats dsflators are required. In ths case of extension which is
not measured on a commodity basis, a defletor messuring the gensral size and
commodity mixr is required. The national research stocks ares to some extent
deflated by their commodity specific maturs.

4. Simultaneity problems may exist if national research and extension
program invsstment responds to production and area (i.e., to yisld). A number
of studies have dealt with this by simply arguing that the relationship is
*recursive’. Thet is, current resecarch inveéstment may respond to current yisld
psrformances, but current yields are responding to past rescarch investments, In
this study, the problem will be dealt with formslly by untilizing a ’‘two stage
least squares’ procedure.

The sctuel variables specified for this study are defined as follows:

1989
PRESI = .2R° +.4R" +.68° +.88° + 5 ¢’
t t-1  t-2  t-3  t4 t-i
i=t-5
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-~ whers R: is predicted research spending in time t. The prediction is based

on an investmsnt analysis. (Ses bslow). Ths weights used were indirectly
estimated by constructing an alternative stock using weights rising to ome by
year 8 — 9. This stock was slightly inferior to the specified stock.

EXTDIV = (.5Ext$+.25Ext,_;+.25Ext,_5)DIVER

where EXT; is actual spending in 1980 dollars on all agricultural extension.
= 2

DIVER 2 Si where S; is the share of total production of a spscific

commodity in a specific geo—-climate region., Livestock commoditiss are includsad

in the construction of DIVER., Note that the weights for EXIDIV sum to one

implying that no long term impact from extansion is reslized, The full impact

is realized by the end of year t+2,

1959
INTR = .2IARC +,4TARC +,6IARC +,8IARC . + IARC
t t-1 t-2 t-3 t-4 t-=i i-5

here IARC; is spsnding by the IARC in 1980 dollars in time t,

The following ’'interaction’' variable are defined:

EXTDIV = EXTDIV*PRESI

INTRPRES = INTR¢PRESI

INTREXT = INTR*EXTIDIV

The use of predicted nationmal research data to construct the stock vari-
gbles utilizad in this anzlysis constitutes a form of two stags lsast squares.
It is designed to corrsct for simultaneity bias that is due to nstionel govern-
ment responss in their investmesnt decisions to productivity gains in the
commodities. -

The predicting equation for national ressarch was:

RES = b,+bjPROD+bj AREA+b3CINTSP+b 4 UREARICE+b sRESNSR+bgECONAG+

bgECONAG+b 7URBANPOP+bgEXPRAT+bgARABLE+by oDIVER+bj 1 PRODDWER

+by,VIOLD
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where:

RES is expenditures on research on th; commodity. This was constructed
by first estimating ths share of total research spent on ths commodity and
moltipling the share by total spending. The share was estimated as the share
of total ’'standardizsd’ publications devoted to research on ths commodity.-
Publication dats were from the Commonwealth Abstracts Burean data. (Sse Appen-
dix 1 for a fuller discussion). Publication data was ’‘standardized’ using
data from Brazil to convert publications into coanstant spending units.>

PROD is production of the commodity

AREA. is areaharvested

CINTSP is cumulated total IARC spending on the commodity

UREARICE is the ratio of nrea prices to rice prices, a measure of price
intervention in markets

RESNSR is scientist man years devoted to the commodity in national research
programs in similar gso—climate regions

BCONAG is the proportion of the labor forcs in agricuolture

URBANPOP is ths proportion of thes population in urban areas larger than
100,000 peopls )

EXPRAT is the ratio of expenditures per research scientist to exponditures
psr extsnsion worker — a proxy for the real costs of research

ARABLE is the ratio of arable land currently to arable land 6 years
previously, a measure of land exhaustion

DIVER is a mesasore of geo—climate and commodity diversity. It is defined

2
b z . Sij where S; is the share of the ith
i,j

commodity in the jth climate zone in total production
PRODDIVER is PROD®*DIVER
VIOLD is the proportion of the population killad by political violence in the
past ten years

One further modification was mads to take into account the fact that IARC
impacts are not liksly to be tho same in all countries in the dats set. It —
would be, 2s a practical matter, nearly impossible for IARC programs to produce

the same production impact in each of thes 24 countries in the data set. The

IARC will in most cases bs producing technology that is more closely matched to
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producing snvironmsats similar to its host coontry than to eavironments that
are dissimilar, This should not only affect the productivity impact of the
IARC program but its interaction with national rescarch and exteansion programs
s well.

To attempt to take this into account s variable, SR, is defined. This
variable is equal to the proportion of the arsa plantsd to the commodity in the
country of observation that is located in the same geo—climate region as the
IARC’s central location. Thes gso-climate regions are defined by Papadakis
(1965) and bave besn used in other studies of international productivity
impact. (Evsnson 1979, Evenson 1983), Ths following_variables were then
defined:

INTRSR = INTR*SR

INTRESSR = INTRPRES*SR
INTREXSR = INTREXT*SR

The coefficients on these variables measure added iﬁpacts in similar geo~
climate regions. The resasoning offered above would lead to ths sxpesctation
that dirsct IARC impact via the provision of matched technology will be higher
in similar regions, while the indirect impact via the provision of mismatched
technology could bs largser ontside the similar region. It is possible, of
courss, that both sffscts will be larger in similar regions.

II. Crop Productivity Impact Estimates

Ths sconometric analysis procssded in thres stages. In the first stage the
presdicting squations required for bwilding the ressarch stock variables wers
estimated. In the sscond, crop produnctivity spscifications were sstimated for
each of the 10 commodities in the study using data for a1l 24 counntries. 1In
the third stags regional estimates were obtained for maizs, millets and sorghum
pooled, all csrsals poolsd and sll staple crops pooled,.

The results for stage 1 are summarized in Table 1, for stage 2 in Table 2



Table 1:

Determinants of National Agricultural Research Spending
Annual Data 1963-80 - 2Y Countries

Dependeﬁt~Variable=

R

’Endgpendent Variables Maize
PROD 0.000024%
AREA 0.000045%
CINTSP 0.000009**
UREARICE ~0.0302
RESNSR 0.02172%
ECONAG -0.0132%*
URBAXNPOP -0.0049
EXPRAT 0.0076%
ARABLE -0.3481
DIVER C.6024%%
PRODDIVEK 0.000015%*
VIOLD . ~696.59%%

2 0.5554

F 48.94

*T ratio between 1.5 and 2.0

- %*%T ratio greater thar 2.0

Sorghum

0.00013#%*
-0.000013
0.000022%
-0.0503%*
0.0307%*
-0.0124%%
-0.0064*
=0.0109*=*
-0.0993
0.,4825%%

0.000019%*
-555.88%*

0.5904
56.406

~ Research
Spending in 1980 Dollars

Millet

0.00074%*
-0.00033%*
0.000040

-0.0387*
0.0355%*
-0.0177%%
-0.0078%
-0.0094%*
-C.2721
0.7590%*=

0.000022%
-616.31%:

0.6905
61.12

Rice

0.00041*%*
-0.00056*%

0.0000067*

-0.0239
0.0121*%*

-0.059¢%%*=*

-0.0539*%
0.0361%%
0.0174
1.0257*%*

0.000038%*
'~-2016.22%

.7575

122.32

Wheat

0.00047%*
-0.00031*%*
0.000069**

0.2594%=

-0.0556%*

-0.0079
0.0241%*%
0.0702%=
0.5191

-0.2170
0.000054%%*

-3383.09%%*

0.8179

175.95



Tatla 1 (continued)

Indepeadent” Sweet
Variables Cercals Beans Cassava ‘Groundnuts Potatoes Fotatocs
PRpD 0.00023**  -C.001€8%* 0.00C024*%* 0.00014**  -0.00007%* 0.0000012
AREA =0.00019%* 0.00135%* -0.00008** =0.000031 0.0033%* 0.00011
CINTSP 0.000016%*  0.0000065 =9.517E-07 0.000026 0.0000042*%* 0.000C10**
UREARICE =0.0971** -0.0188 =0.0452** -0.0144 0.0238** -0.0426%%
RESNSR - 0.0129+=% 0.0434%% 0.0672%* 0.0358** -0.006¢9 - =0.0637**
ECONAG =0.02¢6%% -0.0059* =0.0035%* -0.0052%= -0.0122%** -0.0030=%
URBANPOP =0.0266%* -0.00049 -0.00092 -0.0021 ~0.0054%* =-0.0052%%*
EXPRAT 0.0173%% =0.0230** 0.0016 0.0052* =0.0060%*% 0.0016
ARABLE -0.1608 -0.3485 ~0.7014%% 0.0086 - 0.2074 -0.1212
DIVER 0.3572 0.4242%% -0.0632 0.4257** -0.3061%= 0.0131
PRODDIVER  0.000017#*  05.000016%%  ~0.0000013% 0.0000057*% -0.000004**  2.967E-07
VIOLD 649.2G=* =548.93%% -113.82 -181.44% 72.86 -39.83

Rz 0.65659 0.7526 0.2946 0.4169 0.6297 0.1432

F 173.45 119.15 16.36 28.00 66.61 6.55
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and for stags 3 in Tabls 3. Appendices 1, 2, and 3 report ths actual regres—
sion estimates for each stage and provids fnll datail on variable definitions
snd mszaans,

Stage 1 is not the central focus of this analysis. However, it is an
important stsp in the procesdurss lsading to the main estimates to be reportad
in Tebles 2 and 3. The rationals for the prediction equations used for re-
ssarch spsnding is summarized in Appendix 1 and dsvsloped more fully in a
companion papsr, ‘The JARC's: Evidsnce of Impact on National Research and
Extension Programs’' (Bvenson 1985).

The prediction squations are summarized in Table 1. Ths' cosfficient on
production, holding sarsa constant, can be intsrpratsad as a partial rssponse to
yield. Thes purpose of the prediction procedures is to corrsct for this simul-
tansous response of investmant to yield in the stage 2 2nd 3 crop productivity
regressions, JInvestment responds positively to yield in all five cereal graims
and cassava and groundnuts. There is ; negative relationship in bsans and
potatoes,

National investment responds positively to IARC spending in all commodities
except cassava. Jt also ressponds positivsly to resszarch conducted by gso-
climats neighbors in all commodities except wheat, potatoss end swoet potatoss.
This responsivensss on ths part of policy meksrs in nationsl systems to IARC
investments and to the ressarch of geo—climate neighbors repressnts a rational
responss to the expandsd research opportunitiss offsrsd by this ‘outsids’
investment,

If these ontsids investments produoce tschnology that is well matched to the
product;on snvironmsnts in the country, tbis technology will be a good substi-
tute for homs producsd teschnology. A rational response to the increzsed avail-

ability of well matchsd technology from abroad will bs to reduce national



Table 3:

Cereal Crops

Staple Crops

Regional Impact Analysis
Maize, Millets & Sorghum

Research-

Extension Latin
Coefficient America Africa Asia
PRESSI L0121%% .0393%* L0314%%
EXTDIV .0331*%% ' - .609(4) < 0305%*
EXTDPRES = J17(2) %% ~,939(3)%%  ~ 172(2)**
INTRIARC «286(5) +809(5) +213(6)
INTRPRES -.179(6) .445(6) = 103(5)**
INTRXEXT .129(5)** ., 178(6) +349(5) **
PRODUCTIVITY ELASTICITIES
‘National .

Research .0344 .0505%* +1168%*
National

Extension .1708% -.0129 «1658%x*
1AEC

Research .0317% .0355%% 0416%*
Note: Numbers in parentheses are E(-n).

Latin Latin

America Africa Asla Amerfca
LOT4G** .854(3) L0106%% - 019%x
.0158*%% =-.153(13) .0389%* -.-493(2)

= 364(3)%%  —,228(3) =.597(3) *% «318(3) ek
560 (5) ** L319(5) 171(5) 237(4) %%

=.1973(6)** 157(7) -~ 644 (7)) %% .685(6)*
.501(7) e 222(06) ** .755(6) % ~.737(6)*
«1435%% -.0060 « 1135%% =.0302%*
L0745%% .0128 1921 %% =.0243%x **%
.0298%* .0543%% . 0428%* «0412%%

"T" or comparable "F" indicate significance at 5 to 10 percent levels,

"T" or comparable "F" indicate significance at 5 percent or lower level.

Africa Asia
«0733%% L0479%%
2 939(2)** L0157%
= 101(2)%  —,457(2)**
«371(5) L514(5)
=.228(5) .105(5)
+653(6) .188(5)
+0313%% 0 1292%%
«1198%% . 0685
.0187 .0312%
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spending on research. Most tschnology produced abroad, however, is mis—matched
to somz degrse to national conditions. This mis-matched technology along with
‘scientific findings produced abroad constituctes ‘pre—technology sciencs
capital’., This pre-tschnology capital raisss thes productivity of national
rescarch systems. The rational response to increased availability of pre-
technology capital thsn is to incrsase national invsstmsnt. National system
responses to IARC and geo—climate neighbor ressarch investments indicats that
they sss ths pre-tschnology capital effect as dominating the matched tschnology
effect.

Teble 1 also shows that geo-climate diversity affects research spending on
most commoditiss., An incresass in divsrsity leads to incrsassd spending. This-
response is higher the higher is tke production of the commodity. Research
systers rescognize the fact that ressarch programs munst be dssigned to dsal with
each commodity for sach region. This creatss a kind of dissconomy of scals to
research systems. This diseconomy is less ssvers the higher is ths production
level of the commodity.6 |

The costs of establishing a research scientist in the field relative to the
costs of sstablishing an extsnsion worker also affscts ressarch investmsnt. For
all field crops, & ten percent reduction in the costs of a scientist man year
will 1ead to an incrssss in the number of scisntists fundsd of 10 to 12
perceont,

Ths second stage of this analysis is summarized in Table 2. This table
reports ths cosfficisnts of the intsraction terms in the modsl snd ths computsd
partial production slasticities for each commodity. Ths full regressions are
reportsd in Appsndixr 2. All commodity regressions are reportsd as are pooled

regressions for mesize, sorghaom and millets, 2ll corecals and all staples. The
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rsader can rsadily sss that the poolsd regressions show mors stable and con-
sistent elasticity estimates. It is important to bsar ia mind, that most
studiss of ressarch productivity impacts are in fact bassd on aggregated or
pooled data.

Consider first ﬁhe interaction effects. The first coluamn shows that na-
tional ressarch a;d extension programs ars substituotss in the cereals. TARC
research is also a substitote for extension in rice and wheat in similar geo-
climate regions. This means that spending mors on extension lowsrs ths mar—
ginal product of research and spending more on ressarch lowers the marginal
prodnct of exteasion. For staplss it appsars that national rassarch comple-
ments sxtsnsion in cassavz and sweet potatoss where TIARC research hasn't been'
effoctive. Whers IARC ressarch has bsen effective (as in cassava in similar
regions) it tends to be a substitute for national extemsion.

It appears that with the excsption of the maize—sorghumrmillets combina-
tion, JARC ressarch has sither no significanf jntsraction with extsnmsion or it
has a nsgative substitution intsraction. Ths story that IARC research enhances
the prodoetivity of pational extsnsion programs is not generzslly told by these
data.

The intersctions of IARC resezrch with pstional research systems are tlso
somewhat mizesd, They ars positive for sorghum, bsans, and staples gensrelly
and negative f{r wheat, cassava, potatoes and swest potatoss. Ths IARC effsct
in similar regions is negative for paizs, sorghum, rics, beans and steples
genersally. It is positive only for wheat. This result is consistent with the
argumsnts regarding the matching of technology. Technology from ths IARC's
would bes more highly matched to similar subregions and this should be mani-
festod in lowsr IARC-NRES intsractions in similar regions than in gsnsral.

Wheat is the only case whea the {nteraction is merginally significantly highsr
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in similar regions. It has a strongly megative extemsion interaction, however,
whore ths sams argumsnt can be applied. Note that for exteasion the JARC-NEXT
interaction is generally lower is similar regions. Of the 24 IARC interaction
cosfficients in Tabls 2 for similar regions, 17 are nsgative, and 12 are sig-
pificantly negative. Only ome has a marginally significant positive
cosfficient. Thsse results provids general support for the undsrlying logic of
the specifications.

The production slasticities are ’‘partial’ elasticities. The elasticity for
pational ressarch shows ths percent changs in production associated with a oxs
percent change in the national research stock holding national extension, IARC
rsssarch and other variablss in the squations constant. Thess slasticitiss are
functions of the levels of othsr variables bscause of the intsrection terms in
the equations. They ars svaluatsd at the msan of the data seot, An 'F’' test is
undertaken to test for the joint statistical significance of the coefficients
entsring the marginal product (amd the computsd elasticity). (See Appendix 2
for all coefficient estimates and F tests). The slasticities are computed for
countriss outsids similar rsgions and the incremsatal elasticity for similar
regions is slso shown.8

The IARC elasticities presums that TARC impacts will bs realized in 81l 24
countries in the sample.9

The elasticities bear a relationship to rates of return on investment,
Suppose éhat a country is pressntly spending 1/2 of ons percent of the value of
product on cersals research. A one percent incroase in research spending will
raise this from .005 to .0055. The slasticity estimate for cereals, .058
indicates that prodnction will increase by .058 percent or ,00058 timss the

valoe of production. Thus an investmeat inm time t of .0005V (V is valus of ths
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product), will generate an income stream that will be zero in time t and t+1,
.2% 00058V in 7+1, .4% ,00058V in t+2, .6* ,00058V in t+3, .8* ,00058V in t+4,
and .00058V in all years thsrsafter. 10 The discount rate which equates this
earnings strsam to the initial investment is slightly over 40 percent, This is
the internal rate of return to the research investment. Had the initial ratio
of ressarch spending been only .0025 instead of .005 the earnings stream
associated with an elasticity of .058 would have yielded an internal rate of
return slightly over 60 percsnt,

The ratios of ressarch spending to the value of product for the 1972-9
period by commodity were: wheat .0051, rice 10025. maize~sorghummillets
.0023, cassava ,0011, beans ,0032, potatoes .0029, sweet potatoes .0007 and
groundnuts ,0025, The table below shows the conversion of slasticities for
both ressarch and extension to internal rates of return for different ratios of
spending to value of product. The low incoms countriss in the sample had a
ratio to sxtension spsnding to value of product of .005, For the highsr iﬁcome

countriss it was .0075,
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Internal Comparable Ressarch Blasticity Comparable Extsnsion
Rate of Return Ratio of Spending to Productivity Elasticity Ratio of
Spending on Productivity

,0003 ,0025 ,008 . 005 ,0075

10% . 0004 .004 .007 .059 .088

20% .0001 .009 .018 .068 .102

30% .0002 .018 .035 077 .116

40% .003 .028 .056 087 .131

50% .005 .041 .082 .096 .145

60% .007 .056 .113 .106 .159

70% .009 .074 .148 .116 .174

80% .011 .094 .188 126 .189

100% .017 .141 .281 .146 .219

With these conversions, the reader cam sse that national ressarch invsst-
ment bas yieldsd generally high returns. National extension investmént. as the
Table shows, must have an slasticity above .05 or .075 to yield a positivs
return since its impact does not last beyond 3 psriods. Ertension impacts on
cersal grain productivity and on potatoss and swsst potatoes productivity
appear to bs large snough to justify the investment at the lower levels. Given
the nators of the variabls used, perhaps the most reasonable sstimats is for
the pooled cereal grains. This elasticity is sufficient to justify arouni one
half of ons percent on extsasion. Many countries, howsver, are currently
spending rougﬂly one percent of the valus of product on extension. The osti~
mate for cereal grains does not justify an investmsnt of this magnitods,l12

Ths estimates for both national research and extsnsion should be taksn with
some cauvtion. The productivity and effectivensss of both research and sxten-
sion programs varies from country to country becanss of organization, lsader-
ship and general political and economic conditions. Studiss in spoacific
coontriss are requirsd to investigats thsss issues further. The chisf resson
for resorting to international data in this study is tkat IARC.impacts Ere
international in character and cannot sasily be msasured in daf; for a singls

country.
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Ths production elasticities for IARC investmeat for the pooled maize-
millets-sorghum data and for pooled cereals show that IARC investment has an
elasticity of .027 for ths developing world in general and a considerably
higher elasticity for countries in similar regions. This impact is essentially
the ‘gresn revolution’ impact. It implies a very high rate of return becauss
the ratio of IARC spending to the value of the product is low, ranging from
.0003 for the ceresals to ,0008 for potatoss. Thus an elasticity of .017 im
plies an internal rate of retorn of 100 percent. These high rates of return
are, of courses, bassd on the fact that the IARC impact occurs not just in onme
country but in the eantire region. Because the spending to product ratios are
low, these high returns imply that substantial growth in productivity is pro-
ducsd by the IARC's,

If JIARC spending would have bsen 30% higher for cereal grains and had the
same slasticities hsld, (a gquestionable assumption), production of csreal
grains would have bsen (.027 x .2) = ,0054 or one half psrcent highsr per year
(efter the full impact is realized). This is a large growth increment from a
relatively small iavestment.

Ths results for TARC investment in rice are a little puzzling as they show
vsry high returns in similar regions and none outsids thess regions. It also
appsars that TARC investment in rice has sharply reduced the marginal products
of national research and extsnsion in similar regions., The definition of
regions.for rice may bs 2 little too broad to capture the same effects as for
other commoditiss,

For the staple crops it appears that there is an IARC impact in all com-
moditiss except swest potatoss. For cassava the impact is confinsd to similar
regions. For beans and potatoes the impact extends bsyond similar regions. The

roturns to this IARC ressarch appsar to be &s high as for IARC ressarch in
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cersal grains. Given ths very high lsvsrage factor with JARC research, asloost
any measurable impact (in a statistical senss) will tend to have a bigh rate of
retorn.

The commodity based results in Table 2 show that pooled commodity regres—
sions tsnd to be mors systematic than individual commodity rsgrsssions. Tabls
3 reports regional based regressions for 3 pooled groumps., maize-sorghum—
millets, cer=als and staplss. All poolsd regressions include commodity and
country dummy variables. Appendix 3 reports the actumal regression and 'R’
tasts.

Table 3 do=s not includs the similar region variables bscauss the grouping
of countriss into the thrse broad regions achisves'some of the sam2 objsctives.
This table reveals patterns somewhat more clearly than did Table 2. The nega-
tive national ressarch-nation extension intesractions, for example, emergss for
every region and every commodity group. The IARC — national research inter—
action is degative for csrsal crops in Asia and Latin America, but is actually'
positive for staple crops in Latin America. The IARC-national extension inter
actions ars gsnsrally positive sxcspt in staple crops in Latin America.

The sstimated productivity elasticities ares also somewhat more regular.
National r2ssarch invsstmsnts ars highly productive excspt in Africa for cersal
grains (presumadbly rice and wheat) and Latin America for stezples. Tmplied
ratss of rsturn ars high., They rangs from 30 to 40 psrcant for maizs in Latin
Americs and miizs and stapls crops in Africa to 60 to 70 percent for maize and
csreals in Latin America, cersals in Asia and stapls crops in Asis,

Nagional investment in extension programs also gesnerally sppear to bs
productive excspt in staplss in Latin Amsrica snd maize in Africa. Ths slas-
ticities are high snough to jostify a spending to valus ratio of ons half to

one psrcaat but not much higher.



Table 2: Estimated Crop Production Elasticitles (Computed at the Mean) by Commodity

COMMODITY

Malze
Millets
Sorghum

Maize,
Sorghum,
Millets

Rice
Wheat

. Cereals
Beans
Cassava
Groundnut
Potatoes

Sweet
Potatoes

Staples

Notes:

24 Countries, 1962 -80.

Interaction Effccts

(See Appendix 2 for Actual Estimates).

Production Elasticities

-, 448(3)*
LL40(3) kA
~.251(2)**

=.109(2) **
=~.336(3) **

=.322(3) **

«195(2) **

2947(2) **

IARC Res X NRES TARC X NEXT National Res Nat lonal FExt TARC Res
Added Added Added Added Added
(:CSR General GCSR CGeneral [HH General GCSR  General GCSR General
~.222(5)%  -.139(6) .596(5) . 3(7)  -.0234 L0733% L4732 .018 136 . 3UQx*
-.197(3) -.154(4h) * .349(5) -.139(2)  -.0065 -.019%  -,067 .006 .728 .000
-.252(4)* L368(5) %% =, 167(3)* 212(5) =-.096 L068%% 1,41 L188%%  2,75%k 0194
-.228(5) A16(6)%%x  ,428(5) %% ~,139(6) .079 J120%% (1977 ,082%%x L 240% .029%%
-.433(6) %% ,349(8) -.205(5) %%  ,219(6)** -, 102" L075%% -, 361" L091%*% 821 -.002
.379(6)*  -.336(6)**x =,986(5)** —,472(6)** .336" J271%% -, 622" .004 -.025 L044%%
-.799(7) -.159(7) -.181(6)* .718(8) .050 .058%% ,036’ L048%k  189*k 027%%
~.362(5)**  .B59(6)*% =.170(5) .899(6) -.064" -.031% -,246 ~.008% L030%% 05644
.548(5) ~.776(5) %% =~ 111(4)** =,911(6) 416 L419%%  —,236°°  ~,059%%  ,099%% -,012
-.823(5) .582(5)* .045% -.062 L00L*
-.696(6) ~.167(5)%%  ,753(7) -.632(7) .141 L015%% 091 L0674k ,054%% 031k
-.123(3) -.385(4)**  ,774(5) -.525(6) ~-.001 .202 .232 L101% =, 35k  ~ 108%*
- 418(4)**% L 364(5)%% —.598(5)**  .111(5)** -.034""  -.010 .008"°  .097% (073%%  095%%

Number in parenthesis are E(-n)

% "t or comparable "F"' indicates significance at the 5 to 10 percent level.
*% "t" or comparable "F" indicates signlflcance at the 5 percent or lower level.
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IARC investment is productive across ths board. The elasticities for
coreal crops ars highest in Africa and lowest in Latin America. The reverse is
trus for staples. The slasticitiss imply high internal rates of retura to IARC
investment generally in excess of 100 percent everyvhere.

As a region, Asia does bsst with high productivity slasticitiss for all
thres forms of investment for all commodities., Latin American has benefited
from all invsstments except in staples! Africa has mixed ressults. IARC in-
vestment has bssn least productive in staples. National investment has besn
most productive in thes staple crops.

III. Policy Implications

This paper shows, as do many others, that research directed toward the
discovery and desvzlopment of new agricultural technology has 2 high pay—off in
terms of productivity growth. Not all research programs are successful, of
course. In soms cases, relatively new ressarch programs may not be ptodhctiva
pntil a significant period of trial and error with scientific approaches and
administrative and organizational changs takes placs. Most IARC programs are
still quits 'young’. Previous studies have documentsd high productivity of
IARC ressarch programs in wheat and rice, but relatively little systsmatic
study of impact on other commodities has bsen undertaken.

The chief objective of this study was to use intsrnational crop prodoctiv—
ity data to measure IARC impacts in ten commodities. Certain data limitsation
has to b; accoepted in doing so and this study is not a2 substitote for more
detailed country studies. Nonetheless the study did identify and neasnfa
significant IARC impacts as wsll as national research and sxtsasion impacts on
crop productivity. In addition it identified several imteraction and regional
impacts of intersst. (The study also attempted to dsal with the simultansous

relationship botween productivity and research and extension investment). The
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major findiags were:

1) Measnrable positive IARC impacts on crop productivity were observed for
all commoditiss except sweet potatoes. For poolsd commodity groups, graias,
cereals and staples, positive IARC impacts were measured for all groups in all
regions., Computsd rates of return to TARC investment are very high.

2) IARC impacts are higher in countries in the same geo-climate region as
the IARC csntral location. In most commoditiss these IARC impacts lower the
marginal product of both national research and nationzl sxtension programs. The
IARC's produce tschnology that to some extent substitutes for the prodacts of
national research and extemsion.

3) Outsids similar geo-climate regions, TARC impacts complement national
ressarch programs in soms commodities, (maizs, rics, beans) and substitute for
others.

4) National research investment is highly productive in most commodities
and in most regions. Internal rates of return to investment range from 30 to
70 psrcent for most commodities,

8) National research has a consistent negative interaction with national
extension. Highsr ressarch spsnding reducss the impact of extension services.
It appsars that most extension services are not organized to directly channel
or diffuse ressarch products to farmers.

6) Extension services are also generally productive slthough their impacts
sre much ;ore variable, Rates of return calcolations show that few programs
have besn productive snough to justify sxtension spending-to-product ratios
abovs ons percent,

The first stage of this study examined the impact of IARC investment on
pational research investmsnt. It concludsd that IARC investmsnt stimulated

national research investment in most commodities. A companion study (Evenson
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1985) examinsd these dain and the questions mors thoroughly and concluded that
the stimulos was probably due to the fact that IARC research made national
research more productive. The negative IARC-national ressarch interaction
terms for some commodities in this study raise some further questions on the
issuo.

It should bs noted, however, that the negative interaction term is esti-
mated at the margin and may not hold for the average relationship bestwesn IARC
and national spending. Further, it may be noted that IARC impacts can stima-
late national research productivity by making longer term contributions that
are not necessarily picked up in thess data, Ths IARC's do produce matchad
technology that will lower the productive impact of national programs. Thoy
slso produce mis—matched technology and pre—technology science that has more
general productivity enhancement effects. Finally, on this point it may be
noted that the strongest JARC stimunlation impacts occur in wheat, potatoes,
millets and groundnuts. Thess commodities also have the wsakest negativa_
JARC-national research interaction terms.

The policy questions to which these data speak are whether to esxpand the
IARC system, whether to continue expansion and development of national research
systems and whether to continus dsvelopment of national extension programs.

The maintenance and expansion of the IARC system itself is detsrmined by
international sntreprensurs and by donor country attitudes. This is in con—
trast to national spending on research and extension which is subject to na-
tional sconomic and political forces. The signals from this study and from its
companion study on the IARC impact on national system spending are quite clear
and quite strong. Further invsstmsnt in all IARC's is liksly to be highly
ptodnctive.13 A donor agoncy interssted in getting the maximum increment of

food supply in the developing world from a given aid grant will obtain it by
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investing more in an IARC, This study shows that IARC impacts oa crop produc-
tivity are probably higher than are national research program inpacts. Furth-
ermore investment in IARC's stimulates more national system investment than
will a comparable amount of direct aid.l4

Thess estimates of high productivity impact do not mesan that all IARC
systems are optimally organized. What they do tell us is that the IARC concept
is a good one. Ths IARC's have filled a ‘vacuum’, so to speak, and in thsir
early years most have done so productively. The vacuum was the absence of
strong scisncs-bassd national research programs. It is now clear that national
programs have made great progress, part of it due to IARC's. Bat a good deal
more investmsnt and institutional development is required before thsss systems
will effectively substitute for the IARC's,

The signals from this study regarding national ressarch systsm investmsnt
are also quite clear. In spite of variation in organization, skill lev;ls and
other characteristics, most national system programs ars productive. Rsturas
to investment are high. Most estimated elasticities are sufficiently high that
they imply h;gh returns to investment even if they are overestimatsd by a
factor of 2 or 3. A blanket recommendation that all national systems shoumld be
expandsd without regard to thsir existing organization and structure is not
justified by these data. However, an sxpansion of well organized systems is
called for and the data clearly show the potential for high pay—off national
system iAvestments in all countries in the developing world.

Finally, the signals regarding extension investment, whils genorally posi-
tive, do call for cantion. Sincs extension does not produce a long term income
stream (it is, of courss, possible that soms permanont gains are dus to
oxtension., This possibility was not investigated in this study), There is a

minimom productivity impact below which large investments in extension cannot



20

be justifisd. The sstimates in this study regarding extsnsion are probably’
sobject to more error tham those for IARC.and national research system impacts.
They gensrally show positive impacts. They also show that even highly produc-—
tive sxtension programs cannot justify extension spending to product valuse
ratios of much mors than ons percent of the value of agricultural product.

Perhaps the more serious issue regarding extensiom, however, is the lack of
evidencs that extsnsion complemsnts resecarch., The strong negativs interaction
terms between ressarch and extension suggests that extension productivity is
based, not so moch on extsnding research results but on more general productiv-
ity improving effects through improving farm management, There is nothing
wrong with this, but this finding suggests that more systematic study of the

research-2xtension link is called for.
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FOOTNOTES

1. Actually IARC programs for rice begen in 1959 but wsers really only opera-
tional by 1962 or so. Also ths CIMMYT program on wheat and maize actually
bsgan earlier than 1959 with the predecessor Rockefeller Foundation program,
2. Thess data ars from the F.A.0. Production Yearbook, annanal issues.

3. These questions require farm levsl data from a reasonably homogenous
region,

4. Inferior in that the regression had higher residral squared orrors.

S. The Commonwsalth Agricultural Bureau maintains an sxtensive ssries of
abstracting formolas, abstracting several thousand agricultaral journmals from
virtually svery cooatry in ths world. It is possible to use ’'keyword’ sorting
to obtain counts of resgarch papers oriented to a particular commodity for «
ysars since 1972. For each of ths countries in onr data set counts of publica-
tions oriented to some 21 commodities were obtainsd. These were standardizsd
as discasssd in Appendix 1 using Brazilian data.

6. A nminimum scale or critical mean is required for a program of any
substance. Many countriss have established rsssarch programs for quite minor
commodities (See Evsnson, Blum, and Waggoner, 1981).

7. Sso Evenson 1975 for an extended discussion.
8. The elasticity for similar regioms is the sum of the two elasticities.

9. This is actually an undsrestimate of ths slasticity since the cosfficient
sstimates may apply to all devesloping countries, not just to the 24 coumatries
in the sample, Howsver, if the Psoples Republic of China is excluded from the
doveloping world, the 24 countries in the sample account for more than 85
percsnt of crop production in the developing world,

10. Note that this presumes that spending occurs at the beginning of year t and
productivity dossn’t appsar until the end of the ysar. Thus ome full yoar is
added to the implicit time lags built into the spscification. A 6 months lag
could havs besn ussd. This calculation is thus conservative.

11. No attempt to test whether the impact costs besyond three periods was made.
Howevsr, had s different time configuration bsen built into ths sxtsnsion
specification its coefficient and its elasticity would have changed The rate
of roturn would probably not havs changsd very much.

12, Some caution in interpreting extension results from international data is
warranted. Even if thsse sstimates aro unbiased, thoy reprssent an average
impact from programs varying greatly in quality. Woll managed sxtension pro-
grams with skilled extension workers will have an impact higher than this
average ostimate indicates,
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13, This is ths case sven though ths IARC’'s are rslativesly ’'high cost’
institutions, Expenditures per scientists man years are 2 to 3 times those of
national systems becauss of international salary levsls and more elaborate
technical support. (Ses Judd, Boyce and Evenson 1983),

14. See Evenson 1985 for a discussion of this estimate,
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