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(just as the mc'o’ have multiple country impacts.) The potential for an
international study is indicated in two :oecn€ studies. The first is a World
Bank study of several commodities that sought to estimate IARC impacts in
several Latin American countries:- "nu'"néond i¥ 4 recent extension of a 'study
of technology transfer in Brazil. This study develops new techniquas for
estimating types of technology transfer betwsen regions and countries and opens
up new possibilities for estimating the impacts of transfer enhancing
aetivitico owsh as the MOOIOUR prupgsaus,
2. Proposed Work Program (tentative)

1. December Workshop. Montevideo

This wvorkshop will discuss data requirements from each country and
national and international methods. Selection of commoditfes (corn, wheat,
soybeans, others?). '

2. January-February. National Data Base Complatioen.

Bach partioipating group will compile a data set for each commodicy for
the years 1966 to the most recent perfiod 1988, if possible, and for regions
within the country.

3. March-April. National studies - International Studies.

Bach partiocipating group will complete statistical estimates to be
presented and dlucuu‘d at May workshop in Brasil.

Elmar R. da Crus and R.E, Evenson will estimate an international systanm
(at Yale) based on national data, IARC data and FROCISUR impact data.

4. May - Workshop in Braszil,

National studies will be finalized and zeported. International results
will be reported and discussed.

3. General Data Requirements by Commodity
We have two alternatives regarding data. 1) We could attempt a “Total






Factoxr Productivity® (TFP) n.a;uxo for different regions, 2) vo;eould attempt
partial productivity analysis (with certain price adjustments). For Brazil, we
have some TFP measures for detailed regions (mumncipios and, of coutse, states)
for the years 1970-75-80 and 85. We probably do not have them for othar ..
countries, It seems, however, that wes aze ytscse to pursue thc-pnzttal
productivity annlylii of selected commodities for two reasons. 71¥;£. the
transfer questions differ considerably by commodity. Second, we can obtain
more recent date and recent data is important because the PROCISUR program is
probably having an impact on production (if Lt has had an impact) only after
1985 or so. |

The commodities in oxder of importance would seem to be wheat, corn,
soybean, cattle (possible other commodities are rice and barley). The data to
analyze cattle productivity gains are probably not really available. Thus it
appears to make best sense to concentrate on wheat, corn and soybeans.

Thus for each country and commodity the following should be collected by
- 388k (1966 to dats), and by province or state (i.e., the smallest geographic

unit),

. Axea planted (ares harvested alsoc if possible)
Produetion

Yield

. Varieties used - {if possible

Porcilizer used on the crop or other crops if possible

. Price rations - fertilizer/crop, vages/crop, where orop prices are
prices received,

7. Extension services supplied

8. Public and private research expenditure (over recent years since 1960)
9. TFarm schooling -other indicators

10, Use of ICAR assistance, varieties, ate.

11, PROCISUR specific program inputs with other countries

12, Geo-climate classification by regions

13. Veather indexes.

AU W

It vill not be possible to obtain all of the data listed above. Obviously
production and area are central. We can probably work out the PROCUSUR inputs

at the maating_in_Necember__...
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Ve will i.nuaehn data for Brazil and Paraguay at the meeting. We will
also discuss a method for measuring weather impacts - seea below.

In each country a germplasm-plant breeding analysis might be undertaken.
Experiment station trial data may prove to be useful.
4. Methods - National Studies

A simple PFP (Partial Factor Productivity) analysis.

The firxst step i{s to construct a PFP measure. The bast is probably a
simple yield index.

PFPy = Ye/¥66-68

where Ygg.68 is the average yleld for 1966-68. This index has three
limitations.

(1) It doesn’t take non-land inputs (especially fertiliser and
irrigation) inte acecount,

(2) 1t is affected by acreage shifts because new land planted to the crop
may be better (or worse) than existing land planted to the orop.

(3) It is affected by weather problem.

One can do something about each of these problems. Problem (1) can
probably best be dealt with by some price ratio variables. Unfortunately with
the inflation rates in the region in recent years one may have very poor
measures. It would be useful to actually construct some inflation indexes to
control for these things. Fertiliser data could bs used even if it isn’'t
available by commodity.

The second problem could be dealt with by oconstructing acreage varisbles
snd using them as regressions. This is problematic because acreage is an
sndogenous variable much the way yield i{s, i{.e., it 48 affected by research
programs. (Prices could be used to "instrument® acreage - possibly we cculd

use international prices.) This problem is helped by obtaining data on

relatively small regions.
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;, "7 léearning by the farmar before the full impact of thé research investment will

be realized. Some research projects are unsuccessful, Some prédueo nevw
technology, but also produce new intellectual capital that enhances further
research projects. Some sre not designed to produce technology per ae, but

have pre-technology science objectives..

.
.

[}

Furthermore, technology once adopted By farmers may experidnce a real
dapraciation in valus or TFP impact. This stems from two sources. The first,
and probably most important in agriculture, is through real "deterioration*
from exposure to pests and pathogens, This is & common problen with new orop
varieties and to some extent with animal improvements as well. The second is
through “replacemants with incomplete additivity.® MNew inventions ate
continuously ropheinj older inventions because the new inventions are
superior. In some cases they build upon or add to the older invention. In
these cases the TFP impact of the older replaced invention does not dateriorate

but is an actual part of ths naw invention. But :hh‘ additivity may not ha

complete. The new invention may have emerged from a different technology care '
or saquance of inventions. 1In this case it will not contain the full effect of
the replaced invention.

From the perspective of specifying a research variable to be associated
wvith TPP éhonge in a given time period one must look backward in time end
include the ressarch investment or activities that are effectively "eontained"
in the TFP indax. If the TFP index {s in the form of an annual change this can
include negative weights.
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Extension programs also have a time lag, but it differs considerably fron

the research lag. BExtension programs have direct and relatively quick impacts

because of diract contact with farmers. Because of an education and learning

process, theas impacts will have a rising component over time. They will also

have a falling component because there are good substitutes for public

extension programs. Markets supply information to farmers; private ﬂhia also

supply information. Much of the public extension effect is to enable

pracasaing and conversion of technical and price i{nformation into managerial

dacision-making earlier and more effectively. Alternative sources of
information are of the "replacement with incomplete additivity" type. Hence,

much, perhaps most, of the extension impacts deteriorate within a relatively
short parioed.

Given the burdan of eatimation of other parameters in this study the

extension time weights were not estimated. Instaad they were imposed to last

only 3 periods with time weights of .5, .25 and .25. Schooling impacts were
specified to be permanent. Again, achooling-associated skills may deteriorate

ovar tima but this study does not attempt to estimate this effect--except in

interaction effects (see below). (Govermment price variables are treated as

having a 3-year impact.)
Spatial -Gea-climata Dimansiona (Spill-in of Technology)

Since ths unit of obasrvation ia productivity in a specific time period.

for thia atudy, research, extension and other variables must be "matched" with

the unit of obaervations. For some variablas, it nay be argued that there s

no appraciable spatfal issus, because the variable (s closely associated with

farm producers. This 1s the case for schooling and also for extension, but not
for research.

1f ons could actually measure technology in use by farmera directly one






given luto nay hm:"'o:i.u'mt_:od (L.0., béan invented) in anothér state or &ven
4n another ecountry, 1f go it can be said to have "spilled-in* to the atate in
question and "spilled-out® of the origin state. Using this spill-in and o

spill-out information, one could attribute the value of technology to its
originating institution,

Sone tcohuélegy spills far and wide. TFor example, a chanical herbiecids
may be more valuable than the next best alternative in every region. 1In
econonic terms it is the best technology in a broad range of locations. 1f all

agricultural technology had this characteristic one would specify a single

national (or international) research stock utilizing the time shape weighta

noted above. But most agricultural technology does not spill far and wide.

Spilling is inhibited by soil, climate, and aven economic factors. The

biological performance of a variety of corn, for example. .is Anhibited.by...

changes in day length and length of growing seasen, .
As arop and animal husbandry priorities were daveloped, *husbandry

selection" modified many orop and animal spacies through selection for

economically valuable characteristics. Considerable {mprovement in economie

species occurred over the centuries prior to the modern agricultural ressarch
period. Some of the natural inhibitors were reduced in uiopo and hlportanc.: 8o

that economic species exhibited much less fins tailoring to amall niches than

non-economic species. Nonetheless, the basic pattern of tailering through

location specific husbandry selection was maintained. _
With the advent of modern plant breeding and research practices, £uzthoi'
selection to reduce inhibiting effects has taken place (e.g., modern
high-yielding rice varieties in Asia have been salected for lowerx photoporio«_!
sensitivity). At the same time, the existence of inhibitions (sometimes .
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zeferred to as |nho-cype-tuvironiont intervention (see Herdt, Fnu!tnnn.
88.41.)) has becems & contral fuatule of Uie vigauivation sud deslyu of
agricultural :oioa:oh aystems. (ﬁn;lcndat. 1987.)

Given the fact that most inhibitors are soil and climate factors,. .
information on these factors can assist in the specification of tpi;l-in and
the matching of research prograns with state TFP observations. a;;-olinaeo
regions and sub-regions can be used to estimate., Figure 1 is a geo-clinmate
region map for Brazil. Each state contains one or more regions and subregions.
A spill-in specification can be estimated for research by estimating the
parameter a ip the following expressions. | |

Rt - ng-c)lss + (1-20)Rgg
wvhere R: is the constructed research stock for state {, Ry is the state’s own
research stook, Rgg is the research in other states conducted in similar
sub-regions to those in state 1; and Rgp is the research stocks conducted in
other sub-regions in similar regions to those in state {. If state { has more
than one region the above expression is computed for every region and weighted
by the ragion’'s importancs. '

This procedurs impliocitly subsumes both direct and indirect apill-in of
research. The specification imposes a spatial structure on the veights. Some
Tesearch products produced in similar sub-regions (cr regioms) may be directly

transferable and these products are "substitutes" for a state's own research

program, Other findings outside the state indirectly spill -in by complementing - -

the states research program. The specification indicated above does not seek
to identify substitutability or complementary. It seeka to measuts net
splll-;n. (See below for mors.)

Connidar the case where a single commodity {s being produced in a single

homogenous region with no spill-in. In this case a research stock should not
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- io deflated at all. The form of the productivity specification vquld.dopondnan
whether the dependent variable was measured as n-:atc of change or as an
absolute quantity (e.g., output-inpues). - It -would nut-mutter;-however, how
laxge the homogenous region in question was.

' Now suppose that the region is not homogensous, but that thare are
sub-regions in it and that we have two states each with a different number of
sub-regions. Each atate has a station that seeks to tailor tachnology to each
sub-region, How do we define a meaningful research stock variable for the two
states?

Consider two extremes. One is that the sub-region characteristics do not
inhibit technology spilling from one region to the other. In this case the
sub-region would not matter. At the other extrems, no significant spili-ovar,
even indirectly, takes place between sub-zegions. In this case each sub-region

vould require a separate research program and the aggregate program research
stock could be dafined as:

iR
'hnrofii is the share of production in the ith sub-region. This "deflated"
aggregate research stock presupposes mot only that no spill-over betwean
sub-regions occurs but that the system is optimally allocating research betwean
sub-vegions in proportion to the size of the sub-ragion.
Some spill-over is likely to cccur between sub-regions and not all

sub-region allocation will be optimal. This would require a mixed or composite
daflator:

aFR+ATEER + A - ai‘:)znz1

vhete si is the share of commodity production in asubregion { and s& the
share of research directed to sub-region i. The third term of this expression

is a correction for non-optimal sub-region allocation of
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research effort. The first and second constitute a composite deflator with
weights a and 8, -

Typically data to 4 priori specify the third term or the weight a and 8 do
not exist. It is possible, however, to actually include two research stock
variables in a decomposition specification and implicitly estimate a and B.

The suulyst hus an option to estimate the basic apoc:!icatton with OLS
methods, Thexre is merit, however, in estimating 3 equations in a seenmingly
unrelated regression system vhere error correlation in the 3 equations (say for
wheat, corn, and soybeans) ars considered in th§ estimation.

5. Methods International Studias

The Appendix to this note reports the results of a recent international
study that effectively "pooled” data for a number of countries to enable a more
weaningful analysis of the IARC programs of ressarch. It demanstraras. tha _.__
marits of the approach and it was generally successful in identifying IARC
offects In Latin Amexica. Since the PROCISUR program is another type of IARC
program with como difforoncos, of eeurss, this approach appeats wvre promluluy,
Its promise, howsver, is further improved by recent developments in technology
transfer specifications.

Evenson (1988) developed the basic approach in a study of U.S.
agricultural produotivity. Evenson and da Cruz have recently applied it to
Brazilian soybean data (a summary is presented beslow).

The basic idea is that for each geographic unit, say a state, one can
dofine geo-cllmule nwighbors. 1In the U.S. and Brazil studies, geo-climate zone
dats were used to defins "close" neighbors, i.s., "similar sub-regions", and
regions which ara claoma to tha ninse regions, {.e., similar regions. Thesa
regions can thus extend across international boundaries. Variables that can be

dafinad for a atate (Vg) then can be defined in analogouc way for cimilar



't<

13

sed



"EE ISTEE EOONOMIC GROWTH CENTER YALE UARA ’ P.6&

; ﬁ?ﬂ; Gl 12
go;ionu (Vss)

and for similar regions (Vgp. This approach defines 3 types
' of technology transfer: L

Dixegt: As when technology produced in region i and which has a certain
cost advantage in region i also has the same cost advantage in region j.

3..1;41:;5;; As vhen the tochnology produced in region i does not kuQa
the same cost advantage in region j, but where it serves as a kind btt

“technological germplasm” for researchers in ragion j. That is, research

programs in region j can adapt and modify the technology from i to make it
suitable to conditions in j.

Indizegt: As when research findings in i constitute a type of general or
scientific germplasm that facilitates research programs in zregion j. This is a
type of "pre-technology" germplasm transfer.

1t can readily be seen from these definitions that the PROCISUR program is
designed to facilitate and support all 3 types of transfer but i{s particularly

concernad with semi-direct and indirect transfer.
The statistical and analytic model then is one in which there are six
endogenous or jointly determined variables and s number of exogenous variables.

The model is & six equation model:

PS: PSSOPSS’G 'RB.RSS 'RspRsg Onsnsnv!Sv ete.

?sst ?bls-Ps!ss.ls.lsslsn.ls.!s Q QA./
Pgp: Rgg,RggRsn,Rg,Bg 8= ~
PgsRg: RgRgp,Eg Pb?

PgRgg: RgRg,Kg '

PgRgp: RgRg,BR .

‘The 6 left-hand side variables are the endogenous variables that measure
the productivity indaxes in each state and its similar sub-region neighbors and
the similar neighbors to those sub-region (i.e., sub-region).
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" The term Pgg in the first equation is then indexing direct tranafer or
opill.in from tho cimilar cub-rogionc. The torm RggRg, i.0., tho productivicy
indexed in simf{lar sub-regions interacted with the states own research variable
in measuring Semi-Direct Iransfax or spill-in.

The terms Rg‘.gg and RgRgp are then nialuring Indirxect Ixansfex..

Table 1 illustrates this model and':hown the restrictions that one can
place on the astimateas. Note that in this case an extension variable is used.
It shaws that the direct spill-in is facilitated by extension invastment. Note
that the negative RgRgg term reflects the fact that nearby research can be a
substitute for the state research. The RgRgp term indicates Indirect Transfer.
Tha relevance of this modal to the PROCISUR avaluation is that if we have
meaasuras of PROCISUR (and IARC) investaents they can bs included in the model
probably in interactions with the Semi-Direct and Indirect measutres, e.g., a
variable PR x Rg x 8gg or PR x Pgg X Rg can be added to the model. It is°
posaible that this modal eould than measure a FROCISUR impact. Clearly the

more datailed the information on PROCISUR program by commodity and by country

palr the better these prospects are.
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