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1 INTRODUCTION,

Evaluation of the impact and polential impact of agricultural (and other seetor) regearch has been the focus of
a significant amownt of research during the past 25 to 30 years, The methodology which has resulted from
the research has now reachied the stage where it covers a range of typss of research which might take place ut
virious stages in the production, processing, distribution and marketing of agricultural products, Despite
these significant developments it is only recently that some research institutions are starting to incorporaie
information generated from applications of this methodology as an Integral part of thelr research decision
making systems. Examples of these activities are given in Davis and Ryan (1993}, Scobie et al (1991), GRDC
(1992) and Johnston ct al (1992), At this stage though there is still ~enciderable variability in the level of
ititegration and institutionalisation of this information.

Rven with some of the reeent developments it §s common to find that when quantitative research evaluation
assessments are undertaken for use within research institutions there is still 2 xendcné{ not to make use of the
detailed body of Hierature, Indeed a major share of the literature, especially in professional journals, lins been
developed: independently of applications specifically focused at supporting day-to-day decisionsmeking by
research managers and decision-makers.

There is still an essential need to make further progress in refining and developing various theoretical aspeets
of research evaluation methodology. However, there appears to be un important need to bridge the gap
between the theory and empirical applications specifically focused at supporting day-to-day researeh project
development and research policy decision-making,

This paper attempts to focus soma attention on this issug, It beging by summarising a few points regarding
the impartance of interfacing theoretical developments with decision-making requirements. This is followed
by the development of a simple model of wastage reduction research which is used to lustrate the type of
gap-bridging elfort which mught be required to ensure that more comple research evaluation models are
eventually adopted by research nstitutions as part of their general support for deglsionsmaking,

8 IMPORTANCE OF INTERPACING RESEARCH EVALUATION METIODOLOGY WITH DECISION-MAKING
REQUIREMENTS,

The Australian Centre for International Agricultural Research (ACIAR) has for the past seven to eight years
been developing a detmled Information System specifically to support daysto-day research resource allocation
deciston-making at both an individual project and an aggregate level, (Davis and Ryan (1993) proyide a
detarled deseription of the historical development of this effort and Davis and Fearn (1992) provude o briel
deseription of its current stams). This effort was commenced speeifie Wy recopnising that few research
institutions, at that time, were making use of the extensive rescarch evaluation literature to support their
daystosday operation. During the development period of this Informaton System, interaction and
collaboration with manv other rescarch institutions has been crucial, it has baen surprising to find that in
many instances even when institutions have decided to attempt to quantify the impact of thelr research
effarts, that they have often made very himited use of the range of methodology available in the literature.

On reflection there are perhaps some important constraints on research instittions which could well have
sontributed to this situation, 1t i possible that the failure of the methodology development to take these
consteaints into necount has also contributed, These constraints are:

()] Asscssments are asually required relatively quickly, In most research institutions where resenrch
evaluation assessments, especinlly at a project lavel, are used to support decision-making there is
rarely time for a 6 to 12 month research effort, This is often the time required to develop an
empirical application of some of the complex methodology. As these assessments become aecepted
as an imporant part of the decision-making information system, large numbers of assessments are
required, In these situations there Is rarcly time (o undertake detailed cconometrie on other
programming model nnalyses to provide estimates of some of the complex model parameters. This is
not to say that in the longur term these comples models will not be important just that in the carly
stages of an information system development it can be very impartant to have simpler models which
can be applied quickly. The erucinl factor is to ensure that there is a clear link between the stmple
and complex models so that simple adaptation ean oscur ag the information system matures. A
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sometinies observed trend to deyelop simple methods which are not related to the more theoretically
acceptable models §s a concern and should be discouraged,

(i)  During the development of information systems within research institutions the effective internction
between ceonomists and the technical sclentists undertaking the research Is crucial, Withiout this the
fevel of acceptance is likely to be low and the chance of institutionalisation small, In addition
experience, especially at ACIAR, has shown that on¢ of the most important henefits of these
economic evalustion assessments Nows from the interaction between both groups and the subsequent
impact on research. project formulation. The flow of benefits Is in both dircctions, The economists
also develop 4 better understanding of the technical details and can, therefore, develop assessment
modéls which more realistieally represent the impact of the speeific types of research, To achieve
this effective interaction it is very important 1o have wodels which can be explained quickly and in
terms which are easicr to understand, This requires the adoption of relatively stmple models, at least
in the early stages. Once the confidence of the selentists has been established the more complex
forms of the models can be intcoduced. Tndeed experience suggests that this is a erucial part of the
evolution of the information system, singe these models fucllitaty inclusion of more realistio aspects
of the impact of the researgh, If these are not eventually incorporated ft has been found that the
scientists ofien start 1o question the scientific basis of the evaluations,

i) There must be a clear link between the parameter(s) used to represent the impact of research in the
theoretical model and the manner in which the results of reseansh projects can be interpreted ns
impacting on the production, processing or consumption of the product, This is probably the major
weakness in the current set of lilerature and has received the Jeast attention, For example, there has
been considerable debate regarding the geometrie form of the shift in the produst supply due to
research, but very little discussion about how the shift is measured and how these measures might
differ depending on the type of rescarchi undertaken,

The general conelusion which flows from these points is that there is an important need to develop
theoretically sound methodology for evaluating the impact of research. However, in doing this it is important
1o develop a range of madels which cover all aspect of speeific research project outpuls. 1t is also important 1o
hiave a range of complexity within these models to accommodate the constraints on their use within different
research institutions and also to ensure their longer term consistency with the methodological peer reviewed
literature,

The objective of the rest of this paper 15 1o take one area where it is felt that there is u gap between the
relatively simple model and the more complex model developed in the biterature. This is in the orea of
postharvest or market service and provessing sector researeh. The nest seetion briefly reviews this area and
relates it to the current research progratn i a research institution. The last section develops an intermediate
model which it is felt helps fill the gap between the earrent simple and comples models,

3 AN OVERVIEW OF MODELS FOR ESTIMATING THE WELPARE EFFECTS OF POSTHARVEST
RESEARCH AND CLASSIFICATION OF ACIAR'S POSTHARVEST RESPARCH PROGRAM,

Many early attempts to evaluate the welfsre impacts of postharvest rescarch adopied o simple valug of output
model The model used in these attempts relics on estimates of the expeeted change in output afler the
research impact and found the gains ag this output ehange valued at the consumer commaodity price. Tt ean be
readily shown that this model Is & special case and implicitly makes assumptions which are, in most eases,
not realistic More importantly estimates found using this model are likely to oversestimate the research
gaing. Some evaluntion studies still seem to adopt this simple model.

Duting the last 1S years there hiag heen o growing body of literature which has focused more closely on the
issue of measuring the welfore impacts of research focused on the re st seetion of the ugricultural
sector ‘This work i5 i extension of the reltively extensive farm Jevel cus vt waliation methadalogy. (See
for example, Norton and Davis (1981) for an early review of this farm e * work). Some examples of the
range of work in the postharvest arcn is reparted in, for example, Dav s (1976), Frecbairn, Davis and
Bdwards (1982, 1983), Alston and Scoble (1983), Mullen, Alston and Waehlgenant (1989), Mullen,
Wohlgerant and Farris (1988), and Unnevehr (1986). Alston (1990 has reeently reviewed some of these



4

methods and applications, I many cases the ¢
pastharvest level can reduire quite comple ion n : ; ,
many attempts to adapt the methods developed in those research efforts 1o provide relatively simple
procedures for quick and easy application at a project evaluation level, This requires some classification of
the types of postharvest research into groups based on the whether simplifying assumptions can be adopted
withiout # large risk of error when cstimating potential research impacts,

omplexitics of the potential interactions which can occur at the
atlon methodologies: So fa

w

however, there have not been

Aston (1990) classified models based on the nssumptions regarding the economic structure of the model,
These clagsifications are vety important besause they enable different models to be categorised in terms of an
ideal general equilibrium framework and provide a perspective of theoretically how each model relates to this
ideal. However, this classification dogs not focus specifically on the types of research ¢fforts which are
undertaken and how the impact of these are meastre empirically. The foliowing s a prelininary list of some
alternative possible categories and a brief discussion of each,

{1} Staiple Cost Change Model « ne (minimal) processing of the commodity,

The first variation from the simplistic value of the change in output estimation model was one which
assunied the commodity effected by the rescareh did not change s form during the postharvest
process. Such commodities would only be graded on the farm and then involve posthatvest activities
such us transport and storage. Usually it is assumed that there s no wastage during the postharvest
stage or at least that tns wastage rate is fixed and not influenced by the research activity. In this
gase postharvest research results in a veduction in the costs of the postharvest activity, for example,
transpont and/or storage Models of this type have been diseussed by, for example, Freebaim, Davis
and Edwards (1982), the imperiant assumption is that the primary farm product is used in fixed
proportions with the posthurvess inputs and the commodity does not ~hange form in this process,
examples might be many fruits, vepetables and possibly sugs, While, relatively, simple this model
gan provide a reasonable approximation in some cases.

07 Complex Pracessmg Model

Clearly the majority of agriculiural (and forestry and fisheries) commodities Involve some
postharvest processing, many require complex processing before they are in the form coneumers
desire When complex processing takes place scope emerpes for substitution possibilities between
the farm fevel primary conuodity and other inputs used in the processing aetivity. In these
sttuations the model for evaluating the welfare impacts of postharvest research can also become
more complex. A large share of the recent lterature on postharvest research evaluation has focused
on this prea, for example, see Alston (1990) for a review. A crucial implication which has come
from this work has been the care which s required with postharvest research if the distribution of
the research gains between differcnt groups in the production chain is important. It has been shown
that depending ou the nature of the processing szator and where the research is focused it fs possible
that the primary producers, that is farmers, could stand to receive only o smull share of the research
gains and cven under some conditions be worse off, after the research results aro adopted by the
processing scetor.

Application of this type of model hos the significant drawback that it requires detailed information
on some of the more difficult to me. sure substitution and product transformation parameters In
addition the concepts associated with hese parameters are some of the more difficult economic
principles to grasp and ofien are pssociatud with countersintultive implications.

ity Minimal Peocessing with Product Wastnge Model

Some commodities require postharvest progessing which involves more than just transport and
storage but (his processing docs not necessarily have complex substitution relationships. In such
cases the quantity of the commodity leaving the farm will often change by the time it reaches
consumiers. This ehange is usnally in the form of processing shirinkage or wastage. For example,
with fruit and vegetables there are often significant differences between the quantily leaving frms
and that eventually used by consumers, even though the physical form of the commodity has not
necessarily changed very much. For this group of commodities the more complex substitution
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(v} Health impacts of Research Model.

In several arcas of the agriculiural sector theee is increasing awareness of the potential health
impacts of production, processing and distribution activity. At the farm level one obvious example
is the impact of pesticides. At the postharvest level several examples are avallable, such as the
aflatoxin problem in stored grainis, There has been a substantial sct of analyses which have looked at
the Issue of estimating the welfare effects of public hiealth, Only a small subset of this has focused on
assessments of the gains from health related research, There is 4 need to adapt this to sult possible
areas of onsfarm and postharvest agriculiural research, Nene of the gurrent st of rescarch
evaluation models specifically address this urea and it docs not sepm possible to provide a simple
adaptation of the complex models,

v New Produet Development Model,

Although probably tiot as common as some ofien supgested, some research does result in the
development of a commodity or product from a commodity which has not been available before, The
latter is more relevant for postharvest research, Some are inclined to value the gains from tils
research as the value of the new product. This 1s certain to overestimate the gaing. Account needs to
be taken of the alternative uses of (he resources which are likely to be Jdiverted into the production of
the new product. Use of the difference batween tie nes and old produet price 1o valug the gains also
needs 1o be treated with caution. The complex processing research cvalution model needs to be
adapled to estimate these types of gains, The "muitiple products related in both production and
consumption” model briefly discussed by Alston(1990) is the dircetion for progress. A simple
version is required to provide guidance for quick applications, R

i) Change in Quality Model.

Some research can result in a change in the quality of the commodity or product. Several past
studies have tended to estimate the gains from this type of research using the difference in the price
between the low and high quality product, While this may be an appropriate method is some cases,
these are likely 10 be special cascs. o general & model which incorporates complex demiund and
even production substitution possibilities will be required, Some progress has been made in this
area, however, 4 straightforward, easily applied model s not yet readily avallable. The most
common simple model used {5 to assume the rescarch shifts the demand of the commodity. As
pointed out by Aston (1990, p33) this type of model needs fo be applicd with considerable caution,

Any research project may well have several impacts on the postharvest process, For example, it may reduce
the cost of transport and storage and have an impact on public health. In such cases to fully measure the
pains (or losses) from 2 research efort more than one of the welfare measurement models may need 1o be
employed.

To this stage there have not been many attempts to determine which types of research arg most common in
the research proprams of research institutions, Table 1 summarises the results of this exerclse for ACIAR's
postharvest rescarch program.
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Table1: {:ategunmmn of Most of ACTAR's Past and Carrent Postharvest Research Program Projects.
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This stiple categorisation seems to suggest that there may be a gap in the simpler methods avallable to
evaluate wastage reducing types of research, It may be importani to develop a simplified version of the
complex processing model (o support project Jevel evaluations of this type, In addition mindels which consider
the health and quality changing impacts of resedrch also seem o require closer aitention. The first area ls the
focus of the rest of this paper.

4, AN ALTERNATIVE MODEL FOR POSTHARYEST WASTE REpUCTION RESIARGH EVALUATION

I ling with the views expressed eatlicr in this paper It is important to have as u Jonger term aim the
introduction of research evaluation tmodels which are consistent with the best available theoretical models,
A was emphasised it is often fmportant to have available simpler models which can be used reliably during
the development phase of introducing information systems to support decislonsmaking in research
institutions. The currently available comples processing sector models often do not satisfy the constrainis
discussed in seetion 2, They are not very easy to explain to non-cconomists; the parameter requirerients are
demanding and at this stage there is not o readily available set of these parameters which have been
assembled, the benefit estimation requirements are still demanding swhich are not simply Incorporated In
spreadsheets; and the procedures for estimufing the impact parameter are not well developed. (Although with
tespect to the fastpoint studics, such as, Lemieux and Wohlgenant (1589) have made some progress).

Inn this seetion a model is ontlined which attempts to fill the gap bewween the complex processing model and
the sxm}plw §§~pm¢cssing model from previous studies. This model Is called 4 waste reducing postharvest
researeh model.

Figure | ilustrates the simple cost changs model used in, for example, Frecbairn et ul (1982) and teviewed
in Alston (1990 Figure L(a) is the conventional supply/demand model without any postharvest sector costs,
The farm level supply is give as Spand the retail demand by Dy, Figure 1(b) illustrates a possible postharvest
service seetor supply situation. The supply of postharvest services, before rescarch, s given as Sy The
demand for postharvest services, Dy, is 4 derived demand and is given by the vertical distance between the
retnil derand and farm level supply, therefore, this demand intersects the quantity axis in Figure 1(b) at the
quantity where the retai! demand and farm supply interseer, The infersestion of the postharvest supply and
derived demand determines the equilibrium, determining, the retil price Py, the farm lavel price Ppthe
postharvest of marketing margin Py and the equilibrium quantity, Qq. An li'mpcmant fenture of this model is
the assumption of fixed proportions, thus the postharvest services are used in the same propartion as the farm
product for all prices and quantities. This enables the postharvest services 10 be measured in terms of farm
level sutput equivalents. In addition the model assumes that the retall quantities are in the same units as the
farm quantitics. Alston (1990) uses u similar dingrammatic representition but separates the farm and retail
levels which allows for dilferent price units ai the retail level and the ability to measure each quantity asis in
different umits, If this is done, however, the equilibrium interconneetions In Figure 1 are lost and equilibrium
changes have to be deduced from o mathematical model and inferred onto the figure.

It postharvest vesearch reduces postharvest costs, this can be represented in Figure 1(b) as o shift from Sy 1o
8'yy. The farm and retail levels remain unchanged. The "after researeh® equilibrium is given by the
interseetion of the derived demand and thie new postharvest supply, This nives the following: an increase in
the quantity produced and consumed; o £l in the retoil Jevel price; an dncrease i the price to producess; and
o reduction in the postharvest service price. The benefits from the research ean be measured i two ways. The
{otal welfare gaing are the area between the two postharvest scrvice supphes and under the derived demand in
Figure J(b). Alternatively it is the sum of the changes in surpluses of each of the three groups. This s the
sum of the shaded areas in Figure 1.
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Figure 2 fllustrates the same situation
are added to the farm level supply te
althought it is a little more difficult i ,
papers if the postharye ce supply Is pe reh gains will be distributed
between the producers and consumers, In sany situations when the agricultural commodity activity uses only
a-small share of these types of inputs this might be a realistic representation,

na single diagram. In mis case the postharvest service supply (costs)
ill fevel upp,lyé %, The sanie Kiqon re ed,
of t s

This model clearly does not allow for many aspecis of postharvest agricultural activity, As was discussed in

the pervions seetion it does not necount for the case product between the
fanmpgate and the cetail outlet. Muny commoditics ase cven if the product fs not
precessed to any degree, Figure 3 illustyates a four qua h.¢an modate
this feature and retain the feature of internal determinati Int this illustration, for

simplicity, the postharvest service costs are assumed 10 be zero,

Figure 3(a) s the retail sector of the market for the commaodity. Figure 3(b) Is the farin level supply sector
and fs a mirror image of the usual supply diagram, In this ease the two quantity axes are measure in units of
the product, processing which substantinlly changes the form Is assumed not to iake place, This might,
therefore, represent many frosh fruit und vegetables and even many cereal crops such as rice , pulses, ete, In
these crops it is commion for the transport and storage activities to result in 4 reasonable share of the crop
which leaves the farmgate not reaching the consuniérs, This can be due to pest and disease attick, shrinkage,
early ripening, bandling damage, ete. In Figure 3 two cases are illustrated. First the situation when no
wastage ocenrs This is represented by deawing # 48 depree ling in sections (b) and (d) of Figure 3. By using
this wastage transformation line the farm level supply Sgcan be transformed into-a retail level supply 8. In
this "no-waste” example the retail supply is identical to the farm level supply.

It the produet fs transported, stored and handled using existing technologies and 40 percent losses are
expected then a wastage teansformation line with a slope of 0.6 to the fiirm product and retail price axes (a
time of about 31 degrees) can be used to generate the retail level supply, now S¢p- With the retail demand as i
has been drawn the cquibibrium "with wastage® gives o higher price ( by 40%) at the retail level and no
change 1 price and quantity ot the farm fevel This is only » coineidence with this parucular specifization of
the demand

Figure 4 adds the postharvest service costs 10 Figute 3. In this illustration these service cost are asstimed to
have a perfectly elastic supply. Therefore the "with postharvest services” furm seetor level supply Sy is
drawn parailel to the farm level supply, Sp With technalogy which gives fixed propartions postharvest Josses
of 40% the retail supply 8y is appropriate. If postharvest research is underiaken with develops a new
technology which reduces wastage 1o 35% then the wastage transformation lin s shifted by the research. In
most cases, however, the adoption of these types of technolopies requires the use of some additional resources
and therefore associated costs. If this is the case the supply including posthirvest costs witl also shilt to 8
‘The combined effect of both ehanges is a shifl in the retail level supply to § In equilibrivm the following
changes are ozcur: the retail price falls; the quantity consimed Sngreases; farm production falls because of the
shight fall in the furm Jevel price; and the cast of posthirvest serviees increases.

'The wellare gains from the research are given in net terms as the area "wxys® which Is the sum of the shaded
areas in Figure 4 (1) and (). Notice thai for the conditions depicted consumers gain by the shaded area in
figure 4(a) while farmers loss by the shaded aren in Figure 4(c). Beeause of the perfectly elastie supply of
postharvest services assumption there are no surpluses and therefore surplus changes at this level.

There are many variations of this model which ean be developed nnd discussed. The following are o few
point which are important: ,

() Estimation of the impacts of thig type of technalogy is relutively straight forward. The wastage
reduction change and the change in nssogiated postharvest service costs are the Lo fmpartant sets of
information. From expetience at ACIAR thils type of information is relatively easy to obtain and
fechnicnl scientists can relate to this relanvely easily.
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()  Farmers may gain ot loss from this type of rescarch depending on the combination of puramicters in
the model, The level of cost change relative to the wastage reduction Is Important, Howevet, s
would be expected the demand elasticiy Is eritical, If the erop Is exported in a small country model
then farmers will gain,

(i) Ttis possible to relax the perfectly clastic postharvest service input supply, This results in a farm
level supply (Figure 4(c)) similar to that shown in Figure 2, Under these conditions the postharvest
sector ¢an gain from the research,

{iv)  Itispossible to draw a version of the model which separates thie changes at the retail Jevel Inta those
associnted with the wastage reduction and those with the cost changes, This representation ¢an be
useful for understanding and illustrating the impacts of this type of research,

\9) It is possible to hav e fler research” retall supply intersect the "before research* retail supply.
This depends upor - ativity changes between the cost changes and the wastage changes,

(vi)  Ttis possible to diww the postharvest sector in terms of the retall sector rather than the as shown at
the firm sector level, This can be included by adding the postharvest service costs to the
transformation line in Figure 4(d).

(i) A mathematical verslon of this model can be developed which is similar to the previous nons
displacement models.

5 CONCLUSIONS,

This paper has discussed the issue of interfaging the considerable research evaluation literature which has
developed during the past few decade with the requirements of dectslon-makers in research institutions. It
s concluded that further theoretical developments in this irea are important to ensure the continued
improvement in the quality of nasessments using these techniques. However, there appears to be o gap
between many applications and the theoretical models. To ensure that this gap does not widen it is argued
that sor intermediate models need to be developed which matntain the link to the complex models but
which are not quite as demanding of information. These, however, need to ba closely related to specific type
of research arcas and limited to application in these arcas. The paper illustrates this point by deseribing u
speciuhised model for evaluating research which rosults in postharvest waste reductions. ,
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