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THE IMPACTS OF THE FROCISUR FROGRAM: AM INTERNATIOMAL STUDY

Robert E. Evenson"
~Elmar R. da Cruz **

I = INTRODUCTION

The Agricultural FResearch Coooerative Frogram for the South
Cone FRegion was sianed in 1978 between the countries of Argentina. Bolivia,
Brazil. Chile. Faraguay and Uruguay. The funding was provided by the
Inter-American Development Bank (IADE), by IICA (Inter-American Institute for
Cooperation in Agriculture) and by the participating countries. The
administration was put into the hands of IICA and the implementation was
assigned to:
INTA - Instituto MNacional de Tecnologia Agropecuaria - Argentina.
IBTA - Instituto Boliviano de Tecnologia Agropecuaria - Bolivia.
EMBRAPA- Empresa Brasileira de Fesquisa Aoropecuaria - Brazil.
INIA - Instituto de Investigaciones Agropecuarias - Chile.
DIEAF - Direccicn de Invest. v E:tenzion Agrop. v Florestal- Faraguay.
CIAAB - Centro Invest. Agricolacs Alberto Boerger. — Uruguay.

The imolementation of the program startad in 1980, with emphasis in the
cooperation of corn, wheat. sovbeans and beefcattle. Starting in 1984, a
second stage of FROCISUR, called IICA/EID/FROCISUR., was implemented. In this
new stage the training activitiez of the reciprocal cooperation were
emphasized. with the addition cf winter cereals, summer cerals. oilseads and
cattle in general. The main instruments of support to the program are:

= Production Systeme - '
- Information and Documentation '

- Technolecgy Transfer

- Training (capacitation)

- Communication

- Administration.
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FROCISUR facilitated a fruitful interchange of experiences and
capacitation among the participating countries. The interchange of genetic and
other research material was speeded up in amounts never experienced before.
This interchange -highlighted the importance that a regional level proaram such

- as this can have on the participating countries. The impact on qreater
productivity of the member institutions was recognized bv all parties
invol ved. '

Of particular importance is the impact of FROCISUR in the <emaller
countries such as Uruguay., Bolivia and Faraguav. Feogional teams bv commodity
were setup.in order . to enhance the critical mass of knowledge and the
interchange of genetic material .amcng neighboring countries. The direct
benefits of this program are many. speadino up the achievement of national
.research and eixtension goals, and at the same time enriching the stoclk of
scientific knowledge. Therefore the broader issue of technological develooment
in these smaller countries was put into a higher dimension. with features of
integrated actions. o .

In summary, the FROCISUR prooram of ‘support to Mational Agricultural
Fesearch Centers (MARC’s) in Brazil. Argentina., Chile. Faraquav and Bolivia
entails scecialized activities designed to enhance international transfer of
research findinas.

. Dezoite of the fact that FFCCISUR's experience and its visible benefits
vere recoaonized bv all member countriesz. the directive committe=2 of FROCISUR
decided that it would be appropriate the realization of a study to analvyze the
impact of the program in the participating countries.

Such an evaluation of the program reqguires that the "enhancement" feature
of PROCISUF. be built into the evaluation model. This requires some degree of
methodological extension to existing methodz. 1In this paper ‘'we develon such
an extension and applv it to an evaluation of the FROCISUR program as it
affects productivity change in wheat, maize, and sovbean production in the
member countries since the inception of the program in 1978.

We organize the raper as follows. €CSection 11 summarizes FROCISUR
activities and provides examnles of FROCISUFR invclvement in some countries.
Section 111 fgpresents the basic methodology used in the national studies and"
develops ‘the methodological extencsions required for data analvsis and

. ectimates of program impactz in the framewcrk of the international study.
Section IV reports a summarv of the results of the national studies. Section
V covers our estimates of FROCISUR impacts. The final section draws policv
conclusions. The apoendices enclose the national studies of each individual

_participating country. '
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I1 - PROCISUR ACTIVITIES AND SOME EXAMFLES OF ITS ACTIONS.

Most PFOCISUR activities can be associated with a receiving and a sending
countrv. Thev can further be classified according to whether thev are oriented
to wheat., mai:ce, soybeans or to general support activities. :

The following descrxbes tha distinction between sending. and receiving
countries or regions: .

1 . Suoport for obserwvation travel from country A to countrv E. A is the
recexv‘nq country. B the sendxna cauntry.

2. Support for participation in congresses and ceminars by - scientiste
from countrv’ A but hosted bv countrv B. A is the receiving countrv. All
countries are sendinc countries if it is an interpational seminar. .B is the
sending countrv if it is a national seminar. ’

3. Suooort for administrative and technical assistance by =cientists from
country A in countrv B. A is the sending country. B the receiving country.

4, Suppeort for administrative and technical assicstance and support by

‘scientists from non-member cauntries and international centnrs xn country A. A

‘is the receiving countrv.

5. Support for po=t craduate courzes by researcher~ from countrv A in
country B or a non-member countrv. A is the rece: ving country. .

td

6. Support for scientific concsultants from country A to work in country
B. Country B is the receiving country.

7. Support for scientific conesultants from non-member cBuntriés to work
in country A. Country A is the receiving country. ’ .

B. Support for <scientific consultants from International Agricultural
Research Centers to work in countrv A. A is the receiving country.

) . Support for attendance and participation in technical meetings held in
country A. Countryv B is the receiving country.

10. Suﬁport for attendance in technical courses iﬁ country A by
researchers from countrv B. B is the receiving country.

Far each of these 10 categories, - data on FROCISUR éupoort (in U.S.
dollars) was cbtained for the vears 1980 to 1788.



Some examoles will be useful to illustrate the FROCISUR program. In terms
of corn, the breeding component of FROCISUR involved a-.icint prooram with the

.neighboring countries. The program was successful in the release of several

genetic materials; including "Comouesto Cono Sur I". from grains of the
M"flint" class. of high quality (orance colouring). This composite orain wmas
obtained from. a recombination of eight germplasms coming from Brazil, Uruguay,

.Paraguay. PBolivia, Chile (one of each. makina five), plus three from

Argentina. A convergent-divergent selection method was applied in southern
Brazil. Uruguay. .Faraguay and Argentina to speed up its adoption among local
farmers. )

In terms of wheat., a typical example of a FROCISUR contribution to the
wheat program is in Brazil. The south cone vield trials (ERCOS), takes place
in eeveral locations of the member countries. and the chilean variety OHPE
INIA had the highest vields (6.1 tons/ha) in a trial performed in Brasilia-DF.

‘With scme local adaptations, this variety may soon be recommended for the

whole central Brazil.

In terms of sovbeans. Frazil is actively engaged in helping the
argentinian, paraguayan and bolivian sovbean programs, via FROCISUR. Emphasis
is given on the brazilian integrated pezt managemant control svystem. anc cn
brazilian germplasm. The varietv CAFRCARANA INTA (Argentina), for example, had
brazilian origin. The variety DOKO. frem Brazil, ie among the most used in the
bolivian agriculture. Paraquay sovbeans technology was brought from Brazil,
and most of the local producers are brazilians.

< Yields of . maize. wheat and sovbeans display an upward trend in all
regions analyzed. The individual country studies show graphs of these vields.
Notice the case of PBra:zil, Chile., Argentina and Uruguay, where yields
increased at a higher rate in the 80.s. The ztudies of Bolivia and Faraquay
also show significsnt vield increases in the 80.s By aporoximating the
research stocks of these countries, FROCISUR can be seen as a useful program

to enhance productivity.




I1I - METHODOLOGY

111.1 - Methodologv'gf the national studies.

With some variations. the national studies used a methodologv desioned to
-.measure the effects on vields (expressed as an indax)  of corn wheat and

" " sovbeans, from the observations of national research stock. FROCISUR stock,

extension. weather variables, and in some cases., of policy variables.
. The names of the individual variables used in the basic data sets are:

" Yijt - Productivity index for each region (countrvy) i, for each crop i,
in each vear t. The base period was &6-48.

Xijt - Yields for each region (country) i, for each crop j., for each vear
t (t=1966-1987), in ka/ha.
Zi jt - Researzh stock for =ach region(country) i, for each crop ji. for
each year t in 1000 U3% Dollars. A research stock is defined as the weighted

sum of past research expenditures. with t having cero weight., t-1 = 0.2, t-2 =

Eijt-Extenzion intencity for each region (country) i, for each croo i,
for each vear t. Extension was computed as a weighted sum of past
number of xtension agents. with weights defined as t=(,5, t-1 =

. 1.0, t=2 = 1,0, and t-3 = 0,5, divided by the acreage (in hectares)
’ of harvested area (averaged cover the whole period).

Fiit - Fesearch stocl of Frocisur e:xpenditures, from conﬁrv_A to B, in
1000 USS Dollars. . :

The model utilized to ecstimate the variables, took the fo?m of Zellner’s
SUF - Seemingly Unrelated Fearession, with three equations., aone for each crap..
No cross-simmetry restrictione were imposed in these first versions of the
madel.

The model can then be written as:

Yijt = £(Zijt, Eiit, Fijt)

Some interactionz between the rezearch stock terms were also attemoted in

some of the countries. as shown in the individual studies.
/ .
aulo, Farana and Santa Catarina.

Brazil was gplit into three regions: S.F
: La Pampa, Buenos Aires, Cordaoba

- Argentina was split into four reaqions

and Santa Fe.
Paraguay, Bolivia, Uruguav and Chile had only one reqion (the whole

S .



‘studies (e.qg. da Cruz, Evenzon (1S€8) for Erazil).

country).

Uruguay used a different methodological approach to measure the research
impact on productivity. A dualitv mcdel was used. and the dependent variable
was an aggregate index for the whole agricultural sector (for annual croos).

This aggregate index was specified as the dependent variable of an output
supply function, with explanatory variables being 2i-land, Z2-research stock,
23-PROCIBUR expenditures and 24-square of land. The input demand functions,
to be estimated under the duality model, were X1 (fertilizer 1levels), X2
(machinery) and X3 (labor use). The estimation used Zellner’s seemingly
unrelated regression. approach, under the specification of the Generalized
Leontieff model, with four equations:

Equation 1 - Agaregate output supply - (Y).

Equation 2 - Fertilizer Input Demand - (-)Y1).

Equation 3 - Machinery Input DPemand - (=XZ).

Equation 4 - Labor Input Demand - (-x3). -

-~

The major objective of these national studies was to investigate whether

- or not the national "research and extension programs were important to the

yields of each cron. The role of FROCISUF as such was dependent on the net
effects of the program. This can be dealt with only in the international
study. . :

II1 -2 -METHODOLOGY OF THE INTERMATIOHAL STUDY. . -

Productivity decomposition methods have been used in a number of national

These methods reguire the creation of a research variable(s) that
consider the timing' relationship between research epending and its ultimate
productivity impact. Thev also must consider the spatial relationship. between

‘the location "of the regicn where prcductivity iz meazured (e.q.. a state or

province) and the location and orientation of the research program. For some
regions there may be an experiment station lccatated in the region and this
station mav have as its chief responsibility the development  of imprcved
technoleqgy for the reqgion. For zome regions, a station mav not bte located in
the region. but one mav be located in a nerbv or similar region (from a
geo-climatic perszpective). It is expected that tachnology produced outside the

‘region will "spill-in" to the reqion. .

The- zpill-in of technology i=z r2levant to regions even where a local

_research program ezists. It is also relevant when the receiving region is in a

different countrvy freom the crigin reqgion. Indeed it ie thie epill-in that the
PROCISUF: program seels to facilitate.

Spill-in of technolcgy can be considered to be of three basic tvpes:

Direct - as when the technology oriaginating in reqion A is directly
adapted in reaion B.

- 6 .



Semi-di irect - as when the technology originating/in region A ic modi fied
or adapted by the research programs in regicn B to ba better suited to the
-conditions in B. ' '

Lg iregg (or Germplasmic) as when the research and technical discoveries

"'oriolnatina in region A enhance  and stimulate the technoluoical research

"undertaken in region -B. This can be thought of as "germplasm" epill-in when

o onthe . ~term 'aermolasm is broadlv defined to include biological, - mechanical and
’.-intellectual materials that serve as parenta to the further development - of

mater:als.

The PROCISUR program ‘does not <support the development of the origin-
technologv or germplasm but is desioned to facilitate and enhance moare
international spillin., chiefly of the indirect type.

Thus if we are to measure its impact we require international data and we
require an interaction specification to test for a FROCISUR impact. UWe have
the further econometric problem that the FROCISUR activities might be
responsive to productivity changes and thus be endeogengus in the model.
Simultaneous equations estimates will bz reaguired to deal with this problem.
Finally. we also bhave to deal with the fact that geo-climate factors affect
spill-in (and spill-out) and these must ba taken into account:,

Table’l provides a summary of variables used in thie study. The oriaginal
.variables are defined from various sources for each of the 14 states., 20 vears
-and. 3 commoditiez. WYariables are also created for each ztate, veac &nd
commodity. but they utilize geo-climate weights and FROCISUR investments as
well as data from other states or regione. T

The key dependent variable is the vield inde:x for the crop. It is
considered the measure of prcductivity change. 1deally, of course. we would
like to have a total factor productivitv measure but this is not feasible. By
‘indexing it on the first S veare in each state we are eliminating differences
in levels of vields for that period between our observaticns. Yield lavels may
differ for many reazons including soil quality and we do not wizh to attribute
these to research of FROCISUFR variables. ‘



TABLE 1 - VARIABLES USED IN FROCISUR ANALYSIS.

-I = ORIGINAL VARIABLES: 14 states: 1966-87: wheat, maize. sovbeans.
LIYIELD: LOG OF STATE YIELD INDEX.

This variable is created for each commodity and state. by dividing crop
vields per hectare in period t bv average crop vields for the 1946-70 period.

LCRESEXP: LOG OF STATE RESEARCH.

Thie wvariable is constructed as the cumulated sum of research

exbenditures (in constant U.S. dollars;. directed to the commodity since 1?80.

(lag weights of 0, 0.2, 0.4, 0.6, 0.8, 1.0, 1.0 etc. are used).

« LEXTA: LAG OF STATE EXTENSION. This is defined as field extension staff
(for all crops) per hectare of cultivated land (.29, .50, .25, 0.0, 0.0, ==),

LRESEX: LOG OF STATE FRESEAFCH MULTIFLIED BY STATE EXTENSION
NOTATIOM: LCRESFYEXTEMNI1.

LSFNR: LOG OF STATE RESEARCH + NEIGHEOF: RESEAFCH.

GOOD. POOR, BAD: Dummy variables for exceptionally good. pocr or
exceptionally bad weather. - : -

’

BRMT. etc: dummy variables for states.

This includes si: étates in Braczil (Rio Grand= do Sul:FS. Mato Grossa:MT,

Minas Gerais:MG., Sao Faulo:SP. Farana:FF, Santa Catarina:&C)
Four states in Argentina (SANTAFE. COFDOBA, .BUENGS AIRES, LAFAMPA) and

Chile, Uruguay, Paraquay and Eolivia. . N

CREATED VARIABLES (INTERMATIOHAL STUDY):

*The key variables in this study are the wvariables measuring research by
geo-climatic neighbors. :

LRHMGH1 = LOG OF HEIGHEOR RESEARCH:

This variable is defined as:

LN (Z6Gis X Ry ) where j # i. : R

The index j is defined for states. G,, is the "geo-climate impediment"

8




weight measuring the loss

in region i associated with using t
optimal in region j.. - using technology that is

* . ©+  Table 2 Estimated Yield Trends
Argentina
Buenos Aires .0186 .0209 .0344
Cordoba .. .0361 .0263 .0520
LaPampa .0710 .0285 -
Santa Fe . - .0247 .0283 .0340
Bolivia T .0090 .0039 .0165
. . Brazil . .
Minas Gerais .0232 .0237 .0508
Mato Grosso .0164 .0092 .0128
« ‘- Parana .0171 .0076 .0209
Rio Grande do Sul .0164 .0139 .0128
Santa Catarina .0144 .0190 .0095 |
.Sao Paulo . .0220 .0172 .0197
Chile - ©.0171 -
Paraguay Co .0180 .0193 .0032

_Uruguay - .0230 .0674



This weight is estimated as follows:

First subjective weights were defined for the regions 1.9, 2.1, 1.7. Z.8.
3.9, S.7. S.1, 4.1, 4.3, 4.4, &.1 and 6.8, the regions of the FROCISUR
project, as shown in map 1. These were then computed to interstate regional
weights by fractional procedures. Then in the .estimation (see below)
interaction on was carried out for & =1, 2, 3 to determine appropriate
weights. ’ '

B1.LPRNGH! : LOG OF NEIGHEOR FESEARCHAFROCISUR

This variable is defined as:

Ln (% Guy %Rs.FFe, ) for i # j.

PRys is the cumulated expenditure by FROCISUR on activities where i is
the receiving of benefitting region and j is the origin or sending region.

This is the kev wvariable of the studv. It measures the indirect PROCISUR
impact on the relative value cof spill-in reszarch. The FR ii variable 1is
presumed ta be the same for each of the states in Eracil and Argentina. '

rd

The estimation procedure reaquires a simultanecus equationz method because
we cannot presume that the variable B1.LFRHGH!1 is e:ogenous, i.e., unaffected
by productivity in the sanding and receiving regions. The demand for FROCISUFR
estimates will be higher from the strong rezearch proarams. We utilice as an
idenfying variable:

LNYIELDA = LOG OF NEIGHEBOF YIELD.,

YEAR ic also uzed to identify this variable.

*Table 2 reports a summarv of estimated changez in this vield index. It is
the coefficient b in the regre=ssion: '

LNYIELDA = a + b YEAR + c GOOD + d FOOR.

10




IV - SUMMARY OF THE RESULTS OF THE NATIONAL STUDIES.

BRAZIL.

SUMMARY OF THE RESULTS FOR CORN.

Only an international study can be able to pick-up the relevant NET
impacts of the PROCISUFR program. However the braczilian national study was
important to <how the relevance of the domestic research efforts, which are
being benefited from the FFROCISUFR proaram.

Three equations were ecstimated for Brazil. using Zellner’s Seemingly
Unrelated Fegression - SUR: ‘

Y1 - Productivity inde: for S.Faulo

Y2 - Productivity index for Farana ,

Y3 - Productivity index for Fio Grande do Sul.
In all equations., the local recsearch stock was highly sianificant. The
smallest t value was 3.7 (cee the national study- appendii 1- for details).
The elasticity of the ressarch stock of 3.Faulo on the corn productivitv index
in that state waz 0.76. This result fully captures the vield increases that
are happening in Sao Paulo over the last ten vears. Significant elasticities
were also found for the case of Farana and Fio Grande do Sul. in terms of
research stock for- the southern region. The figqures are 0.4 and 2.21
respectively. The interaction of FROCISUR stock (from Argentina to Brazil) and
the research stocl in the south., produced elasticities of 0.1 for 5. Faulo and
Parana. This results sucggests that part of vield increases 1n both states mav
be due to the FROCISUR proaram. .

RESULTS FOR WHEAT:
Wheat in Brazil is a success story of research efforts. The elasticities
of local research stock in all threes states were hxohlv sxonxficant (the

minimum t value was 3.Z). For S.Faulo. the elasticity is 0.Z21 for Farana it is
0.27. and for Fio Grande do Sul it is 0.43.

RESULTS FOR SOYBEANS:
Sovbean productivifv equations had significant values of the own reqion

research stocks. The minimum t value was 2.01, as the national studv shcws.
The corresponding elasticites were 0.36 for S.Faulo research, 0.46 for Farana

‘and 0.65 for Rio Grande do 3ul.

11



ARGENTINA
RESULTS FOR CORN:

Four equations were estimated using Zellner’s seemingly wunrelated
regression approach. An vyield productivity index was constructed for four

provinces: Santa Fe, Cérdoba, La Pampa, and Buenos Aires. The novelty about -
the argentinian study. is the introduction of economic policy and financial

variables, including the exchange rate gap between the black market of the
dollar and the official rate. This variable was important in explaining yield
indices, as farmers may use more or less technological levels on the crops,
depending on the expected foreign exchange earnings (which is of a highly
" speculative natuire, hence the importance of the gap).

The regression coefficients show a significant statistic for the corn
-research in the pravince of Cordoba on the other regions. Extension in each
province was also found to be significant. Another important result is the
significant estimate of the interaction of the FROCISUR and local research,
far the case of carn.

RESULTS FOR WHEAT:

The province with best estimates of its research stock was Santa Fe. The
exchange rate gap is also highly significant in explaining yields. FROCISUR
investments in wheat were statistically significant for the pampean region.

RESULTS FOR SOYBEANS:

The provinces of Santa Fe, Cérdoba and Buenos Aires had all significant
estimates of their own research stock in the case of soybeans. In fact, the
soybean equation brought the best results for the argentinian study. The
country study has the necessary details.

URUGUAY

In terms of output supply, the most significant variable is research
stock (22), with a t-value of 7.56 and FROCISUR expenditures 4.32. The impact’
of the research variable on productivity is the result of the joint effort of
the national agricultural center (CIAAB), FROCISUR and international research
centers like ISNAR and CIMMYT, on the annual crops of Uruguay. »

In terms of fertilizer demand all Z variables are significant. More land
increases fertilizer demand (negative 21 coefficient) at a decreasing rate
(positive 24 coefficient). Furthermore, an increase in research stock
increases the demand for fertilizer.

1e



In terms of machinery demand (equation 3) all 2 variables are also
significant. More wmachinery reduces the demand for land (positive 21
" coefficient) at a decreasing rate. Increases in the research stock have a
highly significant positive impact on machinery use. It is an indication that
the modernization of the Uruguayan agriculture is dependent on the
intensification of machinery use, as it is the case of advanced economies
under competitive markets. '

Finally, in terms of labor demand (the 1last equation), again all 2
variables are significant.

Prices have a strong effect in the output decisions of Uruguayan farmers.
A ten percent increase in output prices will result in a 2.62 percent increase
in output supply, for example. A ten percent increase in fertilizer price
will decrease 2.69 percent output supply, and so on.

0f particular interest in the present analysis, is the impact of the
research variables, Z2 and Z3.

A ten percent increase in the research stock will result in a 6.27 and
0.9 percent increase in output supply each vyear. It also causes the
employment of labor per farm to increase 2.62 and 0.8 percent, and fertilizer
use to increase 3.98 and 0.8 percent. The biggest impact is on machinery use,
which would increase 6.34 and 1.8 percent as a result of a 104 increase in the
research stock. These effects are all estimated holding prices and other 2
variables constant.

As Evenson (1982) argues, the research effects can be thought as
shifters. The weighted effect of research on all input use is a weighted
average of all input use. A ten percent increase in the research stock will
result in an increase of input use by 3.45 % (this is a weighted average of
the elasticities of fertilizer, machinery and labor demand with respect to 2,
with per farm expenditure shares as weights). Using Evenson’s (1982)
approach, we have an estimate that a research investment program that
increases the research stock variable by 10%, will cause an increase in output
of 6.27% and in inputs of 3.45%, creating a net output per unit input of
2.783%. This is a measure of total factor productivity gain produced by a
technology shift. A figure of 2.783%4 1is very high for international
standards. In the case of Brazil, Evenson (1982) computed a total factor
productivity gain of 0.507%.

This total factor productivity elasticity can now be converted into a
marginal product of research expenditure, so that the internal rate of return
can be computed. The marginal product of a research expenditure of 1000 new
pesas in 1965, using Evenson’s (1382) approach, is:

13



»®

We have an estimate that an increment to research expenditure in 1980 of
1000 new pesos would produce an increment to agricultural product of 12545 new
pesos in 1985. The increment to output will continue indefinitely, as we are
dealing with a research PROGRAM, not with a single technology, so that we can
regard the expenditure of 1000 new pesos as an investment yielding an income

. stream of 12545 new pesos beginning in the fifth year after spending, and

continuing into perpetuity. The resulting internal rates of return on this
investment, for CIAAB and PROCISUR, are 92.10 and 109.5%, very high figures
for international standards. '

This is an.importaﬁt analysis for PROCISUR investments in Uru
guay iven
that the FROCISUR Program started only in 1980. The t ratio of 'thg z2
variable is 6.27 for CIAAB and 4.32 for PROCISUR, thus, the significance of
the research variable was reinforced.

BOLIVIA

The Bolivian study utilized Ordinary Least Squares for estimation of the
coefficients. . ‘ -

For wheat, results indicate that the interaction of Brazil/Polivia
research stocks was significant (t value of 2.38), and positive, with an
elasticity estimate of .012338.

For sovybeans the results cf cne cf the equatione show that the bolivian
research stock was significant, (t value of 2.08) and an elasticity estimate

of .276. -

~

Finall;. for corn. - the results were again satisfactory. The interaction

- of the research stock Eolivia/ EMERAFA was significant with a t value of 3.37
.and an .elasticity esztimate of .S44., O0Overall, these recults <cuggest the

impprtance of EMBFAFA.s reszarch on the bolivian aariculture, facilitated by

PROCISUR .. FROCISUR interaction with local research stock.is aleo positive in

same of the results. . -
PARAGUAY

in terms of wheat.. the recsults weré aleo ecatisfactory. E:xtenszion was

significant at ten per cent (t.value of 1.41) and and elasticity estimate of

0.137. FROCISUR was alco important with a t value of 2.&7. and an elasticity
estimate aof 0.091 . . B

rd

For corn, results suggest impacts of the reszearch stock in Buenos Aires
and the interaction of FROCISUR/FAFRAGUAY. ' )

1
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Finally, for sovbeans, zome especial characteristics prevail in the area.
" Most of paraguayvan soybeans is produced by brazilian farmers. A.especial model
_may be required to handle this pattern, which involve cultural and other
variables, independent of the paraguayan research and extension.

CHILE

For the case of Chile, wheat vas selected as a candidate to measure
PROCISUE<effects.

Chile ie the country which bezt illustrates the effects of FROCISUR. In
the model, a NET effect could be measured. The interaction of INIA stock and
PFROCISUR stock provided an elasticity estimate of ©.0956, and the <etock of
Buenaos Aires research on wheat provided an elasticity estimate of 0.0845. Both
have a total positive impact of ©.1801. Eecause IMIA rezearch and Buenos Aires
research are substitutes, their interaction provided an estimate of -0.0713,
which has to be subtracted frcm the positive impact. Thue the net effect of
PROCISUR in Chile is 0.1083. This elasticity estimate indicated that a ten
percent increase in PROCISUR stock will. have a one percent impact on Chilean
productivity. Due to lack of data on other international ccoperation programe.
some2 variables (like CIMMYT) investment were omitted. Fart of the FROCISUR
effect may be attributable to omitted variables.

15



V - RESULTS.OF THE INTERNATIONAL STUDY.
A. Estimation of Weights - WTS.

Table 3 reports R? values for the first euuation and for the system for
alternative ‘'values of & . These paramﬂters are the weiahts.

. Table 3 - % PARAMETERS.

MAIZE - WHEAT 20Y
. R2(1) R2(2) R2(1) R=2(2) R2(1) R=2(2)
k=1 . 5987. 7374 7215 . 6%10 .7438 . 7098
& =2 .35015 7238 L7012 6922 . 7427 « 7202
k=3 .4377. . 7044 £6735  .4878 « 7351 7177
. These results shou that % =1 is the superior weight estimate in all 3

crops. -

B. ESTIMATION OF THE SYSTEM AMD EESULTS;

Tabale 4 shows three stage least souares (35LS) estimates for the 3
commodities. Our major. concern is with the first equation. 4A shows estimates
for maize, 4B for wheat and 4C for sovbeans.

16
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“"DEL: DI

P VAR: LIVIELD

SSE
DFE
HSE

08J

—COND STAGE STATISTICS

IRIRBLE

INTERCEPT
(AT '
M5
ERSP
PqPR
+ 1SC
“oHNTAFE
CGRDOBA
IENOS
FANPR
URUBUAY
"EAGUAY -
WLIVIA
wiilE
LCRESEXP
_ Nghl
1. LPRNGHI
LSRYR
' 3ESEX
ITA
e00D -
PGTR
A0

.
b Gt Gut Gun Gt Pue Suh Pt Sun S e Gt Sut fun but Put Put Pub Gut Gmt Sub Sma Pus

PARANETER

" DF ESTINATE

-1.687238
© 0,086769
. 0.18518
1 0.193409

0.205438
0882602
0.800717
0.636489
0765424
-0.179906
0.752567
0.189973

£ 0.770951
0, 005068784
0,005107843
1.63273€-11
-0.000582703

. 0.211680
-0.2117¢8

v

"=0. 113290

0.061160 ~°

-0.084573 -

_=0.626204°

9.418985

285 -

0.019014
5. 161540

STANDARD
ERROR

0.353086
0.064340

0.058316 °

0.054266
0.043155

0.052659 -

0.152286
0.165318
0.155774
0.156744
0.077748
0.230L04
0.053521
0.232095
0.00318775
0.913214
0.002213321
" 8.50371e-11
0.001434122
0.025759
0.043844
0.021730
0.048433

TABLE

F RATIO

APPROX FRXMF
R-SQUARE

T RATIO

-4, 7786
1.0258
. 31785
3.5628
=2.6227
3.9013
5.75¢5
4.8435
4.0889
4.8770
=1.7484

" 3.2835
1,5495

3.3230
1.5301
- 4,6284
2.3071
0.2365

=0.4600 -

=3.2329
4.3338

-9.7156

-12.6748

4-A WHEAT ESTIMATES

33.82
0.0001
0.7230

APPROX
. PROBYITH

0.0001
0.3040
0.00!7
0.0004
0.0092

0.0001 .

0.0091
0.9%01
0.9091
0.0991
0.0515
0.0012
0.0005
0.¢010
0.1129
0.9C01
" 0.0213
0.8132
0.8457
0.0013
0.0921
0.0091
09,6091

17

VARIABLE

" LABEL

LOB OF NEifH PES
LOS OF NEISH ReS1PROCICUR
LO5 OF STATE RES#NEIEH PES

. LO6 OF STATE RESNEN STATE £XT

LO& CF 4 VEAR AVE. STATE EXTENSION
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FﬂDEL:

i
t.? VAR:. LPRNGH!
.'L0& OF KEIGH RES#FROCISUR

VARTABL

\ TERCEPT
[ w

BRY%6
;M‘SP

I PR
‘iSC
SANTASE
* RD03A
- ENOS
LAPAKPA

D2

. .
R

“SUSURY ¢

WASURY
‘ILIVIA
CHILE

iTRESA

IVIELDA

YEAR

)

St s um Gmt Suh Gus Guh pua b

',

5E
DFE

NSE -

* PARANETER .
OF

ESTINATE

-2330.52
=4, 252225.

- 0.402382

0.376615

0.543582
-0.154605
0.504935
0.938727

-+ 0.483954

-4,574858
-1.385270
1.629336

1.754510 -

-0. 188442
=0.579470
21.249264
1.186782

TABLE 4-A - Cont.d

14808.7
291

- 50.885004

- GTANDARD -~

ERROR

323.278024
2.296719
2,157248
2.153117
2.155096
2.151183
2.165518
2.150728
2.154657
2.358121
2.176389
2.167647
2,162110
2,212907
0.162813
5.061143

0. 154061

F RATIO 35.26
.+ *PROBF 0.0001
- R-SQARE  0.4597
TRATIO  PROB!T!
-1.2090 0.9601
~1.8514 0.0551
.0.1865 0.8522
0.1749 0.6513
0.2614 0.7940
-0.0719 0.9428
0.2327 0.8:81
0.4364 0.8678
0.2245 0.6224
-1.9077 0.0574
-0.6271 0.5311
0.7517 0.4529
0.8031 9,419
-0,0329 0.5340
-3.5531 0.006
1.1967 0.6241
7.2338 0.£401
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LABEL
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LOG OF 4 YERR AVE. NEIS4 YIELD
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L .
] TABLE 4-B - MAIZE ESTIMATES

t

: DEL: DI  SSE 5.588099  F RATIO M.15

; DFE A3 7 APPROX PRXF  0.0001

DEP VAR: LIYIELD MSE  0.027112  R-SQUARE 0.6453

, 0BJ  -5.069070
"..COND STAGE STATISTICS

' - PARANETER STANDARD APFROX VARIABLE

" RIABLE DF ESTINATE ERRCR T RATIO PROB)IT! LABEL

INTERCEPT I =1.555614-  0.376604 -4.1304 0.0001
1) 1 0.109806 0.055924 1.9835 0.0507

...n6 1 0.114020 0.069356 1. 6437 0.1915

BRSP i 0.145039 0.064339 2.2543 0.0251

TR 1 0.018054 - 0.051522 0.3504 0.7263
'SC *1 0.122414 0.061964 1.9756 0.0493

SANTAFE | 0.551767 - 0.181293 3.0435 0.0026

CORDOEA 1 0.583012 0.152496 3.0287 0.0027 -
IENOS 1 0.535715 - 0.160784 2,9800 0.0934

~\PRNPA 1 0.944884 0.186380  ~  5.08§7 0.0001 .,

PRRAGUAY i 0.610892 0,268233 2.2175 0.0236
ILIVIA 1 -0.053348 0.062314 -0.55657 0.367¢
RESZAP 1 0.011130 0.003756348 ~  2.9396 0.003%

LRNSHI I - 0.061788 0.013829 4.47(9 0.0901 LO6 OF NEIGH PES

RL.LFRNGHL | 0.013387  0.003535048 3.9535 0.9001 LO6 OF NEIEH RES#PROCISUR

_ iESEX . “ 10.0009033473 0,001680717 0.4806 0.6312 LO6 OF STATE RESENEW STATE EXT

~3RHR 1 -4.02504E-10 1,52294C-10 ~2,6429 0.00e8 LO6 OF STATE RES#REIBH RES

LEXTA 1 -0.071193 0.029963 - -2.3760 0.0183 LO6 OF 4 YEAR AVE. STATE EXTENSION
100 1 0.086905 0.085111 1.3547 0.1332 :
JOR 1 -0.14299%6 0.025848 =3.3260 0.0001

BAD i

-0.3058%8 0.¢47648 -6.4200 0.0001 !
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!
HODEL:

: P VAR:

-~ -

s "YTERCEPT
r T
G
BRSP
- PR
'SC
SANTAFE
"RDOBA
‘ENOS
LrFANPA

FARAGUAY, -

iLIvIiA

‘TRESA
LHYIELDA
vY*AR :

_ RIABLE

‘02

LPRNGH!

1
1
|
i
|
1
1
1
1
1
1
1
1
1
1

oF

5SE

. DFE

HSE
.06 OF NEIGH RES#PROCISUR

PARAKETER
ESTIMATE

=2551.17

" =4,369869

=0, 454568
0.138795
0.279323
0.042325

-3.693571

-2.878628

T -3.362474

-1.478934
-0.592887
0.358817
-0.624067
17.251910
1.301974

1117744

u9

44.889321

__'STANDARD - *

. ERROR

392.906831
2.220522
2.032891
2.022283
2,025¢55
2.020176
2,067634
2.025956
2.042107
2.319643
2.029454
2.022703
0.164604
6.399347
0.155443

TABLE 4 -B
F RATIO 35.72
. PROBXF 0.0001

R-SQUARE 0.8676

T RATIO FROBX T

-6.5083 0.0001
-=1,9875 0.0502
-0,2287 0.8193
0.0676 0.9481
0.1379 0.8504
0.0219 0.9833
~1.7864 0.0753
, -1.4208 0. 1566
-1.6486 0. 1009
-3.242 0.0014
-0, 2478 0.3045
0,174 0.6593
-3.7687 0.0092
2.6142 0.0455
8.5299 00501

- Cont.q

. - VARIABLE
LABEL

LOS OF 4 YEAR AVE. STATE RESEARCH
.L0G OF 4 YEAR AVE, NEIEH YIELD
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L_JEL:  di

[~ VAR: LITIELD
N

SSE -

DFE
NSE
082

?ECBND STASE STATISTICS

I
VARIAGLE

" TERCEPT
pretiT
BRNG
sp
PR
ERSC
CANTAFE -
RDOBA
puENDS
URUSUAY
RABUAY
LIVIA
LCRESEXP
' “liGHI
. LPRNSH!
LyKXR
LRESEX
§ XA
100 .
FODR
D

DF.

-—-'t-h

S St St S e but b Put e St Gue Gt Gme Sme Pt pue b

PARAMETER
ESTINATE

-1,382163
. =0,377635
0.269072

. =0.0157%7

0.062937
=0.128030
0.235174

0.213853

0.286110

=0.00202008

0.090445
0.009354543
-2.52896£-10
=0.0066175

0.201270
-0. 183855
-0.384043

0.257787
-0.430102 .

=0.00382379

=0.030516

4.89213)
211

0.023185 " -
..3.689640 e

STANDARD
ERROR

0.424458
0.07¢819
0.075701
0.065175
0.048825
0.066416
0.2260399
0.237072
0.223583
0.153316
0.325310
0.067744
0.004330247
0.014291
0.002325544
9.538345-11
.0.001507655
0.037833
0.057021
0.925090
0.041014

TABLE 4 -C - SOYBEANS ESTIMATES

" F RATIO
APFROX FR)F
_R-SQUARE

T RATIO

=3.2563
-4.9159
3.9544
=0.2275
1.2850
-1.92n
1.2502
1.0874
0.9557
-2.8053
0.87¢5
-0.0564
<0.5912

6.3290.

3.487%
-2.5437
-3, 4499
-0.8055

3.5297
=b.5451
-9.3638

29.41
10.0001

0.7380 |

APFROX
PROB)ITY

0.0013
0.0004
0.0005
0.8203
0.1938
0.0552
0,213
0.2781
0.3403
0.0055
0.3301
0.55%9
0.5187
0.09501
0.0005
0.0117
0.0006
0.4214
0.0¢05
0.0291
0.0001

a1

VARIRSLE
LABEL

LOG OF KEIGH RES

LD8 CF NEI3Y RES4PRICISUR

L95 OF STATE RES#NEIGH RES
LO6 OF STATE RESENEN STATE EXT

_ LDS OF 4 VEAR AVE. STATE EATENSION
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TABLE 4 C - Cont.d .

=

I

rjuELz D2 SSE .. 11326.65.  F RATID 29.31
B OFE 217 © PROBM 0.0001
DEP VAR: LPRNGHI MSE  52.194554 R-5QUARE 0.6541
, L06 OF NEIGH RES#PROCISUR
N PARAMETER  STANDARD ' ' VARIABLE
VARIABLE DF  ESTIMATE  ERROR T'RATIO ° PROBMT! LABEL
' TERCEPT 1 -2565.36  392.117521 -6,5423 0. 0001 :
BKAT 1 -0,906031  2.942273 -0.3079 0.7584 - .
BRKS 1 0,485022  2.182172 . 0,213 0.8314 :
'SP 1 0.840519  2.1875%% 0.3842 0.7012
R 1. 0,402912  2.184185 ° . 0,1845 0.8538
BRSC 1 0.036961  2.17836b 0.0170 0.9965
~NTAFE 1 --1.035446  2,229813 -0.4544 0.5429 .
IRDOBA o1 ° 0.,488812 - 2.359147 . 0.2029 0.8394
BUENDS - 1 0,529708  2.211068 0.239% 0.81¢9 _ .
URUSUAY 1 -1.930185  2.924850 -0, 6555 0.5103 -
“t \RASUAY 1 2571068 . 2.21762b 1.1554 0.2476 '
OILIVIA 1 2.848053  2.217645 1,2843 0.2004
LSTRESA 1 -1.050151  0.240200 -4,3720 - 0.0001 LOE OF 4 YEAR AVE, STATE RESEARCH
*VIELDA - 1 20,517550  6.515792 3. 1429 0.0215 ~LO6 0F 4 YEAR AVE. NEIGH YIELD
A8 1

"1,308378 0.19871% 6.5842 0.0201

ae



" Our chief concern is with the PROCISUR variable. Bi.LPRNGHI and i{ts
impact on productivity. ~Note the estimated "impact elasticity" for the
" neighbor ‘s research is the coefficient for LRNGH1 plus the coefficient for
.B1.LPRNGH1 times the mean level of the PROCISUR variable. This is a measure
of the net effect of PROCISUR in each state.

* The dummy variables for regions in table 4 serve as a type of time trend
variable in the first equation since the dependent variable is defined to be
equal to one for the first period in each state. Thus year was not included
in the first equation (experiments show that its inclusion affected maize but
not wheat or soybeans).

The results of the national studies indicate that state research
contributes to state productivity in all crops under study.

The international study shows that neighbor’s research contributes  in
all three crops. PROCISUR approximates neighbor’s research stock. -
The PROCISUR Program enhances the impact of neighbor’s research in all

three crops. The average elasticities for the PROCISUR region as a whole are
as follows:

WHEAT MAIZE SOYBEANS
LRNGH1 .061 062 ' .090
B1 ,LPRNGH1 .005 .013 .009
TOTAL .066 075 S ,099

All the above elasticities are significant (t ratios above 2.0), as
shown in tables 4A, 4B and.4C.



" VI - POLICY RECOMMENDATIONS.

) "Given the fact that the above elasticity estimates are averages of the
-aggregate PROCISUR region, in order to compute the PROCISUR impact for each
region, one has to multiply the total elasticities by the mean level of
PROCISUR stock in each region. These elasticities are quite high, given the
relatively small levels of PROCISUR expenditures. In order to illustrate this
point, a ten percent increase in PROCISUR stock will result in yield increases

of 0.93 percent (almost one percent) for soybeans yields. This suggests a
very high productivity of PROCISUR, given the indirect effect of the

interaction of the research stocks of the neighboring regions.

It is important to emphasize the nature of thece effects. Of the three

- spillover effects mentioned in this paper (direct, semi-direct and indirect),

we are essentially covering here the indirect effect . which arproximates
research stocks. This effect is more durable. of a cumulative nature.

These reszults are not final. Teste for zerial correlation and related
matters ' have not been undertaken.. MNevertheless they appear to indicate that
the FROCISUR program has had an impact. Given the low level of expenditures

-in  the FROCISUR, virtually any m2azurable impact would vield a high rate of

return. One limitation cf the model iz tha* internaticnal cocreraticn other
than FFOCISUR has been omitted. It is pessible, for example., that som= of
PROCISUR estimates are biased upwards due to the omission of CIMMYT or CIAT
investments. We recommand further studies to incorporate explicitly the maior
sources of interacticns between international agencies and lccal research
stocks. For example there may enist interactions between FROCISUR,
PRCCIANDIMNO and other 1ICA cocperation programs. '

In general, multilateral cooperation programs such as FROCISUR tend to be
more fruitful than bilateral programs. We are working on an extension of this
work, in order to compare the internal rates of return of PROCISUR Frogram
with IARC’s (Internatinoal Agricultural Research Centers) and national
programs. The results so far appear to support the thesis of a high
productivity of PROCISUR. In another internatinal study (Evenson, 1988) the
productivity elasticity of IARC research in Latin America was 0.0317 for the
maize, millets and sorghum program. The figure of 0.075 found above for maize
in the PROCISUR Frogram compares favourably, suggesting an opportunity for
more investments in FROCISUR, given its high productivity.
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APPENDIX
MEANS OF THE

VARIABLES USED IN TﬁE MODEL.
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1.078152E+0S

MEANS FOR WHEAT BY STATE 10:09 TUESDAY, JUNE 27, 1989 24

VARIABLE LABEL " "N MEAN STANDARD MINIMUM MAXIMUM STD ERROR SuM

. - DEVIATION VALUE VALUE OF MEAN
——- -== STATE=PARAGUAY cccecceccee-- —— - - -

YEAR 22 1.976SODE+03 6.493587E+00 ,  1966.000 1.987000E+03 1.384437E+00 4.348300E+04
CRESEXP . 22 3.712770E+06 4.512469E+06 81504.720 1.65SS196E+07 9.620617E+0S5 8.168095E+07
POOR ’ 22 9.090909E-02 2.942449E-01 0.000 1.000000E+00 6.273323E-02 2.000000E+00
BAD 22 4.54545SE-02 2.132007E-01 0.000 1.0C0000E+00 4.54S545SE-02 1.000000E+00
GO0D - 22 4.545455E-02 2.132007E-01 0.000 1.000000E+00 4.545455E-02 1.000000E+00
Y1NGH1 22 1.151983E+00 1.478888E-01 0.962 1.453348E+00 3.1S3001E-02 2.534362E+01
. RNGH1 22 2.06089SE+07 1.994621E+07 453053.086 6.164004E+07 4.252546E+06 4.533970E+08
PRNGH1 22 S.516S94E+10 9.602346E+10 0.000 3.725776E+11 2.047227E+10 1.2136S1E+12
LIYIELD 22 4.240297E-02 2.352131E-01 -0.65S8 3.923083E-01 5.014761E-02 9.328653E-01
BOLIVIA 22 0.000000E+00 0.000000E+00 0.000 0.000000E+Q0 0.000000E+00 0.000000E+00
BRMG 22 0.000000E+00 0.000000E+00 0.000 0.000000E+00 0.000000E+00 0.000000E+00
BRMT 22 0.000000E+00 0.000000E+00 0.000 0.000000£+00 0.000000E+00 0.000000E+00
BRPR 22 0.000000E+00 0.000000E+00 0.000 0.000000E+00 0.000000E+00 0.000CO0E+00
BRRS 22 0.000000E+00 0.000000E+00 0.000 0.000000E+00 0.000000E+00 0.000000£+00
" BRSC 22 0.000000E+00 0.000000E+00 0.000 0.000000E+00 0.000000E+00 0.000000E+00
BRSP 22 0.000000E+00 0.000000E+00 0.000 0.000000E+00 0.000000E+00 0.000000E+00
SANTAFE 22 0.000000E+00 0.000000E+0C 0.000 0.000000E+00C 0.000000E+00 0.000000E+00
CORDOBA 22 0.000000E+00 0.000000E+00 0.000 0.000CO0E+00 0.000000E+00 0.000000£+00
BUENOS 22 0.000000E+00 0.000000E+0O 0.000 0.000000E+00 0.000000E+00 0.000000E+00
LAPANPA 22 0.000000E+00 0.000000E+00 0.000 0.000000E+00 0.000000E+00 0.000000E+00
URUGUAY 22 0.000000E+00 0.000000E+00 0.000 0.000000E+00 0.000000E+00 0.000000E+00
PARAGUAY 22 1.000000E+00 0.000000E+00 1.000 1.000000E+00 0.000000E+00 2.200000£+01
CHILE 22 ©.000000E+00 0.000000E+0D 0.020 0.007000E+09 0.000000E+CH (.00N000E«20
EXTEN 22 4.597S79E+0S 2.243S66E+05 117349.206 6.38436SE+0S 4.783299E+04 1.011467E+07
MAREA 22 6.134318E+0S 0.000000E+00 613431.918 6.134318E+0S 0.000000E+00 1.349550E+07
EXTENA 22 7.4948S0E-01 3.657401E-01 0.191 1.040762E+00 7.79760SE-02 1.648867E+01
EXTA 22 2.S89704E+9C 1.24526CEZ+00 0.675 3.642€575+00 2.654903E-C! $.69734°2+0]
STRESA 22 3.341220E+06 4.024356E+06 81504.720 1.493931E+07 8.579956E+0S 7.35068SE+07
NYIELDA 22 1.04S066E+00 1.937115€E-01 0.717 1.328403E+00 4.129942E-02 2.299144E+01
LCRESEXP . 22 1.431503E+01 1.481001E+00 11.308 1.662202E+01 3.157S04E-01 3.149307E+02
LSTRESA LOG OF 4 YEAR AVE. STATE RESEARCH - 22 1.422164E+01 1.464951E+00 11.308 1.6S1951E+01 3.123287E-01 3.128762E+02
LNYIELDA LOG OF 4 YEAR AVE. NEIGH YIELD 22 2.734637E-02 1.883747E-01 -0.333 2.839777E-01 4.016161E-02 6.016202E-01
LRNGH1 LOG OF NEIGH RES 22 1.608240E+01 1.52670SE+00 13.024 1.793682E+01 3.254947E-01 3.538129€+02
LPRNGH1 LOG OF NEIGH RES"PROCISUR 22 9.121279E+00 1.240S82E+01 0.000 2.664371E+01 2.644929E+00 2.006681E+02
LEXTA LOG OF 4 YEAR AVE. STATE EXTENSION 22 7.877266E-01 6.451282E-01 -0.391 1.292716E+00 1.37S418E-01 1.732999E+01
LRESEX LOG OF STATE RES*NEW STATE EXT 22 3.837619E+01 2.043353E+01 8.844 6.017S06E+01 4.356442E+00 8.442761E+02
‘LSRNR LOG OF STATE RES"NEIGH RES 22 3.20S87SE+08 3.266702E+08 S5123312.862 1.024582E+09 6.964631E+07 7.052925E+09
LSRNPR LOG OF STATE RES™"NEIGH RES*"PROCISUR - 22 8.749403E+11 1.546435E+12 0.000 6.112239E+12 3.297011E+1]1 1.924869E+13
LSRRATIO LOG OF STATE RES"RATIO 22 2.109290E+04 3.501360E+04 0.000 7.464925E+03 4.640438E+05
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APPENDIX 1: GEO-CLIMATE REGIONS
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PROGRAMA COOPERATIVO DE
INVESTIGACION AGRICOLA DEL CONO SUR

ATN/TF-2434-RE
PROCISUR
Sede: Andes 1365, Piso 8
(Casilla de Correo 1217)
Telélonos: 92 04 24 - 92 01 60

Telex: 22571 lIICA UY
Fax: 005982921318

Montevideo, Uruguay
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