|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu

spillover Effects of Agricultural Resesrch @ Isportance
for Research Policy and Incorporation in
Research Bvaluation Modols

Jeff Davis

Austrsiisn National University/
Australian Centre for International Agricultucal Resesrch

Contributed Paper for 35th Conference of the
Austrslian Agricultural Economic Scclety
University of New England, Armidale, 11-14 February, 1991

This paper vas prepared As part of & set of projects on Research Priority
Setting vhich has been funded by the Australian Centre for Intermationsl
Agricultural Research (ACIAR). The funding and supportive encouragesent of
this type of work by ACIAR ig gratefully acknowledged.



The importance of understanding and measuring the gpillover effects of
sgricultural research is identified. It is suggested that undsrstanding
the spillover effects of research is dsportant for stisulating consistent
debate on research policy and slso for providing systesatically Dased
inforsaticr to support resesrch decision making, It is found that there
hsve bewr fev detailed attespts to provide s clear model of research
spillovers. The second part of the paper cutlines & satrix based proceduis
which explicitly incorpovates sgricultural production environsents and
raseacch spillovers into & multi-reglonal research evalustion model. Some
of the important fssues relsting to tesue:h managewent which stes from
this model are highlighted using an esplrlisi fllustration.

2. 185 TMPORTANCE OF KLSZARCH SFILLOVERS AKD
2.1 The Isportsance of Besesxch Spillovers

There are three sspects of the spillover effects of research vhich provide
& strong basis for developing a Dbatter understanding of them. Esch of
these sre discussed brlefly below:

{1y Input into Research Policy Debate

Probably the sost cospeliing basis for governsent involvement n
agricultural resesrch is the efficlency argument. Tils argument suggests
¢hat ‘marker failure’ may often be a esture of vescarch acetivity. The
primsry scurce of this msrker fallure is the inabiiity of private
individusls, flrss and, even perhaps, countries to appropriste a major
share of the potential gains from many foras of rTessarsh. Host other
argurents for public invervention, although often used, rarely stand up to
close serutiny. One necessary (but not sufficlent) condition for the lack
of appropriability of research gaing i that the technology resulting from
the resesrch be readily spplicable scrosc many geographical locations and
tharefore farm units. For this to be the case the zesenxch must be
potentially applicable to a range of agricultural preduction conditions or
envircaxents. Clearly msny research cutputs may have thess characseristics
yet the benefits from undertaking the reseacch can still be sppropriasted by
those undertaking it. For exauple, patentable research  output or
rechnologies esbodied in an ingut which csn be patentad,

It is becoming cormon to refer to the wide applicability of resesrch as the
*spiliover’ dspscts. Although some {espscially in the private sector
oriented literature} have also yeferred to thase impacts s 'leakages’.
Given the imporzance of the spillover effects of yesearch across many
jocations and envirctsents to the case for governseat involvesent, it is
surprising to find thar selacively 1izrle arteation has been given to
clesciy scdelling and maasuring these effects.

{34y Input to Support Research Managesent Deoision Hakerx

the applicability of research generated tecknologies depends significantly
on the types of production conditions where sgricultursl sctivities take
place. In planning stratzgies research managers are often faced with
issuer ragerding whether rzesesrch prograss should focus attenticn on
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developing technologies which suit particular production conditions. Since
the mandazes of most research planners and mansgers usually transcend many
different as8d, often, diverse production conditions or environments,
trade~offs sust often be nsde regaxding vhich production omvironment to
focur research attention om. The more applicable research is likely %o be
t6 sl production eavircnments the easler these types of cholces will be
for minsgers. Even if there Is scoe applicability betveen production
environments this is unlikely to be uniform. It is Isportast to provide
some information rygarding this sspect of research, The lovels of thece
resexrch spplicsbilities or spillovers can influence many choices. The
focus of research prograss has been mentioned, other choices are likely to
include the physical location of research infrastructure and the structure
of resesrch hudan capital expartise.

*

¥ithin cesearch projects decisions regscrding, for exasple, wvhether to
concentrate on developing technologiet to maximise the production
isprovements for & specific production environsent or maximise the
spplicability of a ssaller productivity gain over a wider set of produstion
environsents will require assessment of the extent of spillovers and
whether research effort can change these rather than work within thes.

To isprove the consistency of these types of decisions, over Ase, &
systematic understanding of the research spillovers zod generation of
information regarding chese is likely to be isportent.

£434) Eohancement of Research Evalustion Methodology

Ducing the past 30 years considerable advances have been made in the
developsent of sethodology used to evaluste the welfare galns from publicly
furded research. Onw» aspect of this development has been a significant
debate sbout hov best to represent the impact of resesrch at an aggregated
(ususlly national) supply level. Huch of this debate has focused on the
mathezatice. representation of the aggregate cossodity supply biéfore and
after the research dispsct. This dssue still receives significant
artention, hovever, in many cases saess to ignore an important conclusion
vhich stemsed frez the interchange between Rose (1980), Vise and Fell
{1880} and Lindner and Jarrett (1980) based on the original work by Lindner
and Jarrer® (1978}. This conclusion suggested that *... this would involve
gubdividing the production area into homogeneous regions in terms of the
impact of the innovation in guestion on yield and production costs. Within
esch ragion, = parallel shifc could be presused withour rigk of serious
grror® {Lindner and Jarzett (1980, p.Bak)).

1f this disaggregsticn option iv adopted the question of splllover impacts
of resesxrch becomes important. In most previous studies since the
aggrogate, ususlly national, supply level has been used the implicit
sssumption has been that the research is uniforsly applicable to all
production, even when there !5 significant diversity in production
envizonsenrs in that geogrophical regicn. Instead of this implicit
sssusption sometimes differences in applicability of technologies hss been
introduced using an estimate of the ceiling adoption level for that
teshnology. More desyiled understanding and sodelling of the snillover
affects of research will, therefore, facilitate wmore reulistic
disaggregation of resesrch evaluation analysis and alsc provide additional
d*sensions for the understsnding of adoption of technologles.



In susesry thers are at least three important reasons which suggest that &
more detailed understanding and explicit modelling of research spillovers
is warranted. As is usual with any modeliing exercise the details of the
model will be determined by the type of information required frou it to
sssist decision making.

2.2 A Review of Previous Assosssents of Research Bpillovers

Resulution of the issue of whether massures to indicate vhether a
technology is of the approprisble type or not is still some way off. 'There
iz s considerable body of literature which considers the dssue of
intellectusl property rights and this has been brought te besr on
agricultural resesrch. The iscue of piant variety rights is an important
illustration, for recent exasples, see Codden (1589) and Kennzdy and Godden
(1989). This vork has not resulted in the development of quentirative
measures vhich can indicate sppropriability, non-approprisbility oz aggrigs
of approprisbility. Even measures of the extent of applicabilicy
{spillover) have not boen developed as part of this debate.

for the industrixl sector there have been sone attesmpis to a2ddress the
issue of spillovers from technologies. The work by Levin and Reiss (1988),
Bernstein and Nadiri (1988), Levin (1988), Cockburn and Griliches (1988),
Bernstein (1988) and Levin et al. (1987) indicate the trends in this area.
Some attempts to measurc spillovers in industrial production environments
and relate these to approprisbility are included in this work. WNothing, at
this point, is readily adaptable to agriculture vhich would address the
issues discussed sbove.

If the appropriability issue is ignored thero have, Lowever, been several
studies which have addressed the spillover issue and have been specifically
focused on agriculture. The review by Norton and Davis (1980) revesled
only one sat of previous studies which considered spillover effects. These
centred around the work by Evenson (1978) which used aggregate productivity
or production function specifications with sublic research expenditure
levels to estimate, in an aggregate sense, tle relationship betwveen
expenditure on research at one location on the output in others, Evenson
(1989) reported a further refinement to this work. The sppropriats level
of sggregation of any analysis clearly depends on the type of decision
making the informsticn generated is to support. Aggregsted studies such as
these usually provide useful informstion to assist yeneral resenrch policy
discussions. If many ‘vhat if' type issues are relevant and raised, the
aggregative naturs of these models and usually very limited sources of
accucate disaggregated data on vhich model estisation is based, restrict
thair usefulness.

Seveval case study type analyses have been undertaken which have identified
spillover benefits from research. For example, Bremnan (1986) estimgred
significant economic gains to Australia from CIMHYT vheat resesrch. These
studies, however, have taken specifis technologies and developed analyses
gpecific to the particular situation. The podels used do not give any
direct considerstion to & generalised spillover impact.

In terms of the generally accepted economic surplus type research
evalustion mcdels, Edvards and Freebairn (1981, 1982, 1904) developed a two
region trade model vhich inciuded an allovance for spillovers between the
two regions. These reglons are usually geographically/politically defined,
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in their case one country and the rest of the vorld, Nallen, Alston and
Wolilgenant (1989) used & similar tvo region spillover modsl to Yook at
processing sector research. In both cases hypothetical guesses of a zerc

to one spillover index were used to weight the unit cost reduction
astinates. ,

Pavis, Oram and Ryan (1987) extended the Edvards snd Frasbsim model to
include many regions and used agroclimstic zonation work to identify
sgricultural production environments. Similarities in these environments
were used to sudjectively essess spillover effects (again as a zexo to ons
index) for different comsodities, Hors too, however, the spillover
x!tiuin were Jorived for geogrephical/political regions - in most cases
countyries.

In all of the previcus studies dsplicit assusptions regarding the
production environsent focus of the research sre made and sssumed £ixed.
If changes 4in the focus of the research occur, re-assestwent of
geographical spillovers will ususlly be required.

3.1 Hodel Requirements

As with any early model development an important requirement is to keep the
model as simple as possible. The discussion in the previous section
suggests three sinisus requirements for any extension to existing research
spillover estimation models. These include:

(i) The model should be cospatible with existing methodology used in
rosearch evalustion studies, Given vecent trends in this ares
this mezns ensuring the model can resdily dinterfuce with the
existing economic surplus type research evaluation methodology.
At % recent paper by Alston (1990) highlights, a relatively
ertensive set of multi market models sre readily available.
Puture develonments should be made in a manner which facilitates,
vhere possible, interface with these.

(i1) The model should use as its basic reference point a suitably
defined set of relatively homogeneous production environments.
These are unlikely to be the same as most geographical/political
regions. Since much of the ecoromic data required is available on
a geographical/political region basis and also resesrch decision
making is often organised this wvay it is important to include s
method for transformation batveen thess two in the estimation
process.

(111} The model should be able to readily facilitate the consideration
of research strategies which focus on developing technologlies for
different production environments. It should be hle to assess
the potential consequences of changing this focus.



3.2 Outline of the Proposed Hodel
3.2.1 Interface with Existing Hethodology

Figure 1 sumsmarises the basic multi-repgional traded good developed by
Edvards and Preebairn (1984) and extended by Davis, Orzm and Ryan (1987).
As indicated by Rose (1880) and Lindner and Jarrett (1980) with suitable
disaggregation this type of model will provide as good, 1f not better,
approximations of research benefits than the mathematical manipulations to
aggregate supply functions sometimes proposed.

The main omission from this model is the wvertical market separation and
more complex farm level input disaggregation summarised by Alston (1990).
The decision to incorporate these extra complexities will depend on the
decision making situation information is being generated for. In this
discussion and development the farm level orientation is maintained,

The research benefit estimation formulae developed in Daviz, Oram and Ryan
(1987) incorporate the estimate of the £final monetary wvalue of the
spillover unit cost reduction. In Edwards and Freebairn (1984) and the
empirical application in Davis, Oram and Ryan (1987) a spillover index
vector or matrix is used, If the analysis covers many regions this
approach reduces the data changing task if different cost reducticen
analyces are required. Notationally this extra component can be
reprecented as:

K =K'S5 veees (1)
vhere

R is a matrix of monstary direct and spillover unit cost
reductions. K is an n x n matrix wvhere n is the number of
geographical regions in the analysis. ki is then the unit
cost reduction in region j resulting from éaseazch undertaken
Jn region i.

K is diagonal matrix of base rate cost reductions for each
region., k is the expected cost reduction in region
'i' vhere th® research is undertaken. k i = 0.

s is a matrix of research spillover indexes or weights. 1In
most cases it is expected that 0 < sij < 1. Although this
is not a necessary condition. '

As indicated earlier Edwards and Freebairn (1984) used values for s,
that were arbitrarily chosen. Davis, Oram and Ryan (1987) uné&.
subjectively determined values for s,,, although these were based on
detailed information regarding the péoduction environments and their
distribution for each commodity. Given the large number of regions
(countries) involved and diversity of production environments within some
of these, the subjective weighting process involved often taxing mental
gyxnastics. A need for a less subjective weighting process became apparent
as the application of the analysis progressed.
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3.2.2 Revised Procedure for Estimating Regional Spillovers

The need to separate assessments of the impact of technologies from
arbitrary geographical/political boundaries became apparent. Depending on
a host of environmental, factor endovment ard other technical variables,
plants and animals perform in different ways. Technologies are invariably
developed toc suit some locations and may not suit others. All or eany of
these may exist within the same geographical/political boundary. The need
to relate spillover modelling to these production environment factoxs was
recognised by Davis, Oram and Ryan (1987). Expansion of the subjective
estimation procedure requires the following

(1) Choose an Appropriate Production Environment Classification Systea

There are a large number of studies which have developed agroclimatic
classification systems for the vorld. For most plant based commodities the
problem is usually too many to choose from. With some commodity groups and
especially fisheries the options are wmore limited. The important
considerations in choosing the classification system are:

(a) It must be applicable to possible technologies. Too much detail
is likely to be redundant, ton little likely to result in
aggregation errors.

(b) It must match and suit the preferences of the decision makers
likely to use the information. If they currently related and
decide on the basis ~f a simple system, then u n f a complex
extensive system may provide information in the wi.r form.

(¢) Information and computational reguirements may limit the levsl of
disaggregation.

(ii) Estimation of Production Environment to Production Environment
Spillovers

Notationally this matrix has been termed the 'C' mutrix (this is anmx m
matrix where m is the number of production environments). It is a matrix
of the spillover indexes briefly outlined above. 1In interpreting the ¢
elements of this matrix it is important to refer to figure 1. Instead 5¥
vieving each supply/demand diagram as a country it should be viewed as a
homogeneous production environment. The c _ valuee are found by using
the ratios of the k..'s. For example, for the production environment
wvhere the technolagy wéa developed for, say a,

k
c = 2% g ceeee (2)
as ¢
aa
On the other hand, in production environment b, for research undertaken in
a,
k.
ab
[+ = — N TR RS (3)
ab %

a&
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The interpretation of k n is important. It is the unit cost reduction in
production environment 4} if the technology developed spzcifically for 'a'
is used in ‘b'. For k. to be positive the technology must be superior
to the best already available technology for production environment ‘b’,
Note this could be a different technology than the pre-reasarch technology
in ‘'a'. In most cases it is expected that ¢ p < 1, that is, the cost
reduction is less in a production environment fhat the technology was not
specifically designed for. However, this is mnot a restriction of the
model..

This notion of a production environment to production environment spillover
introduces many dimensions which can be discussed and may need resolution,
Below lists a fev and does not attempt to discuss them in detail:

(a) The C matrix is unlikely to be unique. For example, the elements
might change depending on the type of research, say, plant
breeding versus plant protection or soils. Depending on the
decision making environment the analysis is being used to support
individual estimates may be required or a weighted average.

(b) Research may be undertaken with the viev of maximising the cost
reduction for a specific production environment or perhaps be
interpreted as aiming to increase the size of the C matrix
elements. The latter could be viewed as reducing the production
environment sensitivity of a crop.

(c) Estimation of these parameters could be through elicitatien from
technical experts or procedures developed to make use of research
trial results.

(iii) Estimate the Region to Region Spillovers

Aggregation of the 'C' matrix to give the 'S' matrix or region to region
suillovers requires two additional sets of information. These include:

(a) The production environment production shares for each commodity,
This is given the notation of an 'F' matrix vhich is an m x n
matrix (where m is tha number of production environments and n the
number of regions). For each region this is the proportion of
production in each production environment.

(b) The production environment focus of the research. The notation
for this information is an 'R' matrix which is n x m. It
specifies the share of research focused on each production
environment in a region. If a region (country) has production in
eight production environments, research decision makers will need
to determine whether vesearch will focus on all production
environments or a sub-set., If so will each be given equal
attention or will 70 percent of the effort be focused on one
production enviromment. For assisting aggrogate level decision
making applications, so far, have assused research effort is
focused in proportion to the production in each production
envirorment. In matrix notation this is the same as assuming R =
F'. GClearly, a range of alternatives are possible and the model
can generate a vich set of information regarding possible




decigions and their subsequent potential dimpact on research
applicability (spillovers).

Vith the above sets of information the aggregated region to region
spillovers can be found using:

§=RCP ceean (4)
This set of information can then be used in the multi-regional research
evaluation model to estimate possible research benefits associated with the
different options.

The next section highlights several aspects of the model with an
illustrative application.

4.1 Introduction

An empirical application of any model is usually the best way to highlight
the important features. The type of spillover estimation procedure
outlined in section 3 is in the process of being applied as part of
information systems to assist research decision making in several
institutions. It is an integral component of the information system used
to assist decision makirg in ACIAR. In this application analysis has been
completed or is nearing completion for 24 agricultural, 8 forestry and 1l
fisheries commodities. Together this coverage includes around 93 percent
of ACIAR's research expenditure. Davis and Ryan (1988), Davis, MNcKenney
and Turnbu®® (1989) and Fearn and Davis (1991) summarise pxogress with this
application. Related collaborative studies, jointly funded by ACIAR and
national research institutions, are nearing completion in the Philippines
and Thailand. Both of these have adapted the basic spillover estimation
procedure described above to suit the particular decision making
environment. A similar effort is underway in Indonesia via collaboration
with ISNAR.

Since the spillover estimation component is only one part of the
information system being developed, current documentation has not provided
details of just the spillover estimation. This section provides a brief
discussion using the forestry commodity saw and  veneer logs
{(non-coniferous).

4.2 Country-to-Country Spillover Estimates for a Forest Broduct

Davis, McKenpey and Turnbull (1983) provide a description of the
application of an economic surplus model application to measuring the
potential gains from forestry research. They also describe how this
information is adjusted and presented to support research decision making
in ACIAR. They only present a brief description of the spillover
estimation procedure used. Here a more detailed description is developed.

Following the discussion in section 3 the following choices and information
are required:
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(i) Choice of Appropriate Production Environment Classification System

After discussions with forestry research experts it was decided that, for
the purposes of information generated, an agroslimatic clawsification
system wvas sufficient. The Papadakis (1975) system was chosen after
revieving a range of possibilities. For the agricultural application the
FAO (1978a,b, 1980a,b) agroecclogical zone system was used. For fisheries,
see Fearn and Davis (3991), a species based production environment system
vas adopted. There are no clear puidelines for making this choice, The
approach adopted in applications so far has been to rely on the advice of
the research experts, especially those involved in the decision making

process that the information is being developed to support.

Figure 2 illustrates this classification system for Australia and New
Zealand. The system is available for all countries of the world. For
forestry a total of 72 production environments were included. The C matrix
developed was therefore 72 x 72. Figure 2 indicates that Australia
agroclimatically iz quite diverse. It is interesting to note that the
initial choice of this production environment vas made before exposing the
final information to the decision making process. Subsequently it has been
found that the information system has much more £lexibility and can provide
a more detailed set of information to support decision making if, where
possible, a standardised classification system is adopted for all
commodities. As a result the forestry data base is being revised to use
the FAQ classification.

(i1) Estimate the Production Environment Spallovers

In the ACIAR work where a world wide analysis is required, logistically it
has been necessary to rely on technical research experts’ judgements to
provide the elements of the 'C' matrix. Nationally focused studies, such
as those in Thailand and the Philippiunes, are investigating empirical
procedures for estimating these paramsters from research trial
information, This is a critical area which requires further investig: ~ion
and refinement.

If elicitation of spillover estimates frem one production environment “a
another is used it has been found to be ver important to ensure the
technical expert has a clear perspective of the concept as summarised in
section 3. Especially important is to keep in mind the notion of a cos®
reduction relative to the best currently available technology.

Table 1 presents the estimates for saw and veneer logs (mon-coniferous;.
Only 21 of the 72 production environments are used for illustration,
Throughout this section only a small subset of each set of information are
given because of the logistics of table presentation. Any calculated
results are, however, based on the full set of data.

It is noticed that the diagonal elements c,, are all one, Using the
definition of c from sectlon 3 this is expected. If, however, the

production envir%ximents are aggregated and not ‘'sufficiently' homogeneous
this may not alvays be the case. Also notice that the matrix is symetric,
this is based on the judgement of the researchers, however, is not a
requirement of the model. Finally notice that the matrix 1s block
diagonal. This is expected as the production environments are listed in
order of those most likely to be simila:.




150"

L5

)

&

I .
NEW ZEALAND [

ol 200Km
peaLL

IR

]

)

- ———————— cm

20*

TASMANIA

{30°

CLIMATESor AUSTRALIA
axo NEW ZEALAND o . s o
Schemalic ¥Map smmx
120° 130 140° se* 160 iro*

1., TROPICAL: 1.2, humid tropical; 1.3, marine savanna; 1.4, continental
savanma; 1.5, semiziid teopical; 1.6, cool tropical; 1.9, coul-winter tropical.~
2. TIERRA FRlA: 2.1, semi-tropical tierra friz; 2.2, low tiema frim; 2.3,
medium fisera fria.— 3., DESERT: 3.3, hot tropical desert; 3.2, hot subtropical
desert; 3.4, manne subtropical desert.— 4., SUBTROPICAL: 4.1, humid
subtropical; 4.7, continental subtropical; 4.3, contineatal semi-tropical; 4.6,
semi-steppic semi-tropical; 4.7, marine subtropical.~ 5., PAMPEAN: 5.1, typical
pampean; 5.3, subtropical pampean; 5.4, marine pampran; 5.6, monsoon

Source : Papadakis (1975,p.187).

pampean; 5.7, semiarid pampean; 5.8, patagonian grassland; 5.3, semiasid
patagonian.— 6., MEDITERRANEAN: 6.1, subtropical ‘mediterrancan; 6.2,
marine mediterrancan; 6.3, coolsmarine mediterranean; €4, tropical meditersa-
nean; 6.5, teraperate mediterranéan; 6.6, cold mediterranezn; 6.8, subtropical
semiarid mediterranean.~ 7., MARINE: 7.1, wanm inasine; 7.2, cool mari~.;
1.5, tempcrate mediterranean; 7.6, cool 1emperaty; 7.8, humid patagonion; 10.5,
alpine. In the Great Dividing Range climates are so mixed, that it is impossible
to map them at so small scale.

Figure 2 : Agroclimatic Classiilnation System Used For Forestry.
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{iii) Determine the Production Shares by Production Environment

The share or proportion of production in each production environment for
esch country is required. Ideally this is the share expected to exist when
the results sre availalble as a technology. In most cases estimates haye
been based on existing production levels. For the forestry application
these estimates vere subjectively determined by forestry experts familiar
with forestry production in each country. The agricultural estimates were
based on detailed estimates made by FAO. For fisheries the specles
production data tapes produced by FAO were used to calculate this
information.

Table 2 presents example information on production share information for
nine of the total number of countries used in the analysis. All countries
of the world are included, however, some are zggregated to reduce the data
table size. As a rule all countries in ACIAR's mandate are kept as
separate countries, as are other large coantries. The rest ave suitably
sggregated., The f£inal set is 75 countries or regions.

Table 2 highlights the world pattesn for this production share
information. Some countries, such as Australia, Indis and China have
diverse distributions of production environments, vhich often include the
production of similar products. On the other hand other countries only
have limited production environment diversity. By definition the sum of
these shares chould bz 1.

{iv) Specification of Research Focus

Information regarding the expected research focus strategles of each
country is not available. In the standard analysis an assumption similar
to congruence is made. .That is, it is assumed that a2 commodity research
effort within a country or region is focused according to the importance of
the production environment for that commodity. For the aggregate level of
decision making, currently of importance at ACIAR, this assumption has been
scceptable. For other decision making environcents alternative sssumption
may be more appropriate. The ability of the estimstion procedure to
accommodate alternative strategies and assess their impact on regional
spillovers and their potential benefits is one of its attractive features.

For the illustration used here the 'R' matrix is therefore asgumed to be
the transpuse of the production share matriz, F.

The information included in tables 1 and 2 can be used to calculate the
aggregated region-to-region spillover estimates. These are presented in
table 3 for the nine countries used in this illustration. Many points
regarding these can be discussed. The follovwing are only a few to
illustrate.

(a) There is considerable diversity in the direct effect estimates,
that iz, 8,,. The countries with production spread over 2
diverse nngg' of production environments obviously have lover
direct research effects, Inspection of tables 1 and 2 reveal this
relationship. Australia, for example, has production in
environments where there are, for most spplied research, unlikely
to be any spillover effects. Thus technologies developed for one
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production environment are mot likely to be usced by producers in
anopther.

(b) The spillover effects to other countries are wvariable, In some
cases these can be larger than the direct effect in the country
doing the original rrsesrch. At first glance this often puzzles
an observer. Howevir, it becomes clear if tables 1 and 2 are
inspected. For exzapls, in the case of Egypt most of its
production is in production environment 3.2, hot subtropicel
desert. hlile a relatively small share of Australian production
is in this production environment it is still important. Since
there ave only small spiilovers to some other production areas and
none to othern, any ressaich will have linited applicability to
toral Austrelisn production. On the other hond this research will
potentially apply to & large share of Egypt's produsiica.

{c) It is important to remember that this dinformation is an index.
The potential welfare gains from these apillluvers are scaled by
seversl other factors in the research evaluation framevork. These
eventual monetary gains are not presented here but are discussed
in Davis, McKenney and Turnbull (1989). (Note that numbers may
not match exactly since those included here have iacorporated some
refinements to the original data and format of analysgis.)

(d) The results have interesting implications in terms of the notion
of technology adopticn. It is pnssible to regard the elements of
the direct effect as zontaining some of the dimensions of what is
often folded into the term adoption. In Australia we would expect
to find a relativel, low average adoption of any forestry
technology, in terms of totsl production. From table 3, in fact,
about 28 percent is the likely average. ¥or the rest of
production the ‘average’ technology will not provide sufficient
improvement of the existing set to warrant adoption. Sometimes
analysts are inclined to attribute these low figures to other
adoption factors, for example, lack of extension etc.

{e} If countries are disaggregated into sub-regions similar regional
spillovers can be calculated Dbetween states or smaller
geographical/political areas. Similar patter~ to that in table 3
can be found, although the diversity is scu 'mes not as large.
It is possible to show, however, that this disaggregation is a
more productive approach to the issue of the type of supply shift,
as opposed to using mathematical manipulations of the aggregate
supply function. It can be shown that it is possible that pivotal
divergent with non-linear supply shifts at the aggregate level can
give higher estimates than parallel linear shifts applied at the
disaggregated level. This confirms the suggestions of Lindner and
Jarrett {(1980) and Rose (1980). Davis (forthcoming) uses this
spillover modelling and disaggregation to illustrate this point.

4.3 Spillover Estimates with Alternative Production Environment Research
Foel

A range of alternative research strategies can be Investigated with this
simple spillover estimation model. One is illustrated here.
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In table 3 spillover estimates were bused on the so called ‘congruence'’
assunption. That is, research was focused on production environments
recording to existing production in each environment, The impact of
alternative research strategies csn be investigated. Table 4 illustrates a
range of possibilities for Australia and sav and veneser log
(non-coniferous) research,

The first row in table 4 repeats the Australian rov from table 3. The
other seven rows assume that all research effort is focused on only one
production environment. The resultant technology will only directly
influence production in this environment. Spillovers still occur as
indicated by table 1. 7he diversity of Australian production conditions
produces some signifirant variations in spillover estimates, indicating
important sensitivity to the choice of research strategy. Again a range of
points can be discussed. For example,

(a) The congruent strstegy du 'u not alvays product the highest direct
effect. Although by definition it will be near to thisg.

(b) Some significant changes can occur in the spillovers to other
countries' regions from changes in these strategies. Sometimes
significant increases in spillovers to other countries can result
from small changes in direct effects.

(¢) The distribution of research gains within a region/country can
change sigaificantly due to different strategies. These iampacts
can only be extracted by disaggregation from a national to
intra-national level.

(d) Again it is importait to remember that these spillovers are
indices and differences can be adjusted when spillover regsearch
benefits are calculated,

(e) An important issue which needs to be interfaced with this
information is the unit cost reduction that is likely to be
achievable in each production environment. This is a so cslled
research production function type issue. If this information can
be estimated it can be incorporated in a research benefit
assassment with the spillover indices.

Yhile not a primary concern of the initial information system developed to
assist decision making at ACIAR, information on changes in these research
strategies and options are proving to be useful sdditional complements to
the basic information developed. For a related discussion see Ryan and
Davis (1980).

5. CONCLUSIONS

This paper began by identifying several reasons vhy more detailed modelllag
of research spillovers sppears varranted. These included the possibiliiy
of being able to provide more detailed information to assist research
policy debate, research program planning and satisfy a gap in the existion
research evaluation methodology.
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A sisple linear model vas developed in this paper vhich is suggested as a
further step in this area. The model highlights the need to: '

(i) Separate the notion of research spillovers to relate to technical
production environments. These can then be aggregated to
geographical/political regions to suit the level of tolerable
aggregation error.

(1) Address clear attention to the issue of research strategies,
especially regarding the types of production environments research
is expected to focus on.
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