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1. INTRODUCTION

Public research institutions charged with the responsibility of
implementing national and international agricultural research policies face
many challenges. Among these is how should the limited public funds
available be allocated between, often, a large range of agricultural
activities and different geographical or e ‘7ironmental regions? In
addressing this decision problem, institution administrators are often
required to develop research priorities to indicate the subsets of
commodities which are to receive research attention within and between
their geographical responsibilities., These priority decisions made by
management are usually required as guidelines for research program managers
and individual researchers vhen developing specific research project
proposals.

Ideally the research priorities developed should be consistent with
achievement of the research policy objectives set for these public research
institutions. With increasing demands for transparent accountability of
public sector expenditure, it is becoming important for these institutions
to clearly demonstrate that research funding patterns are consistent with
policy objectives. It is therefore important to ensure research priorities
set by these institutions are also consistent with policy objectives.

In the past most public research institutions have set research priorities
based largely on intuitive judgements regarding potential research
impacts. More recently some institutions have attempted to introduce
systematically based procedures to assist research priority decision
making. The majority of these attempts have used what have been generally
called "scoring model® procedures. These procedures involve 1listing a
range of important "criteria" and then have research managers weight and/or
score these criteria to provide a ranking of commodities for each region of
regearch focus. The criteria usually chosen include what can be regarded
as research policy objectives but also include a range of factors which
might be regarded as partial indicators of whether these objectives are
being achieved. Since all criteria are veighted and/or scored it is often
difficult to determine what the resultant commodity rankings actually
measure. The types of criteria used in these assessments have been many
and varied. For example, "ram and Bindlish (1983, p55) review fourteen
studies and list 30 "criteria" included in one or more of these studies.
The number of "criteria" used ranged from ten to twenty five depending on
the study. The conceptual basis for choosing these "criteria® is rarely
discussed and few papers have been published in recognized journals where
the methodology used has been rigorously outlined.

On the other hand, an extensive set of well referred literature has
developed during the past three decades which considers in detail
evaluation of the impact of publicly funded agricultural research and the
resultant technologies. The wethodologies developed for these evaluations
have been reviewed in detail on several occasions, see for example, Schuh
and Tollini (1979), Norton and Davis (1981), Ruttan (1982) and Anderson and
Parton (1983). In most of these studies the appropriate research policy
objective has been assumed (often implicitly) to be either to maximize



social (economic) gains from research and/or the distribution of these
gains to different groups.

Despite the general acceptance of research evaluation methodology by the
economics profession there are very few instances vhere these types of
analyses have been incorporated as integral parts of management information
support systems by public sector research institutions. Few seem to have
asked why nor considered in detail reasons for this. Possible reasons may
include, first, public research institutions often do not have management
support staff with sufficient economics training to understand &and adapt
the methodology to suit their specific decision making environments.
Ssecond, the data requirements to successfully complete the necessary
analyses are sometimes extensive. Kor many institutions these data may not
be readily available and therefore expensive to collect. Another
possibility is that many research institutions have multiple research
objectives, some of which have not been included in the research evaluation
methodology. It is possible that once decision makers recognise this, they
conclude that the methodology is inadequate for supporting their decision
making environment and reject all uses of this type of analysis., The aim
of this paper is to consider in uore detail the last of these possible
explanations.

Import replacement and export enhancement effects of agricultural research
are often given as research policy objectives by public sector agricultural
research organizations. For example, of the fourteen studies reviewed by
Oram and Bindlish (1983) ten included export earnings and import savings as
important criteria in assessing research priorities,

The “"research evaluation" 1literature has pgiven little, if any,
consideration to import replacement/export enhancement  types of
objectives, There have been no attempts to interpret these types of
objectives and develop measures which would provide a systematic basis for
providing information to assist decision making. On the other hand,
research priority setting efforts which have used the "scoring model® type
approach have often used import/export oriented objectives (criteria) as
part of their list of considerations. These studies have not attempted to
develop clear interpretations of these objectives nor a systematic measure
of the potential impact of research as a means of achieving this type of
objective,

The aim of this paper is to provide a systematic interpretation of the
import substitution and export enhancement types of objectives. Following
this an assessment is made of possible measures which could be developed to
indicate to what degree research options might satisfy these objectives.
These will be compared with measures available for welfare oriented
objectives and the criteria often used in "scoring models". A preliminary
application to Philippine Agriculture is used to illustrate the
implications of this analysis and highlight some of the conclusions.



2, INTERPRETATION OF IMPORT/EXPORT TARGETED OBJECTIVES

2.1 Introduction

Development of a systematically based set of information to assist research
decision making for any possible objective requires the use of a framework
vhich facilitates comparisons between each alternative obpjective. An
economic framework provides such a comparison medium. This framework also
makes use of monetary units of measure which facilitate between commodity
and country comparisons. As such it provides a basis for developing
measures to indicate wvhether different research options are 1likely to
achieve the objective specified.

In this section a set of economic environments wvhich consider different
import and export situations will be outlined. These are then used to
develop an interpretation of what import replacement and export enhancement
objectives might mean.

2,2 A Description of Alternztive Import-Export Environments

2.2.1 Introduction

In any country it is usual to find a range of trading environments for
different agricultural commodities. For some conmodities the country will
be a net importer, for others production will exceed domestic consumption
requirements and net exports will occur. With yet other commodities
transport costs or other factors may mgke trade unattractive, the country
will consume all of domestic production and prices will be determined only
by domestic production and consumption condii ‘ons. For traded commodities
it is possible that the country's share of trade is so small that any
changes in domestic conditions have a negligible effect on world prices.
For other commodities this may not apply and changes due to research
impacts might be expected to affect world prices. The latter may also
occur if there are research spillover effects to other large producers who
do provide a significant share of world trade.

As well as trade in final commodity outputs many countries also import or
export the dinputs used in agricultural production. Thus questions
regarding net import replacement or export enhancement may need to be
considered. It is likely that non-traded final commodities may also use
traded inputs. 1If so it may be important to consider research on both
traded and non-traded commodities when considering these objectives.

With such a diversity of possible economic environments it is important to
highlight the main characteristics of each environment as a basis for
providing a consistent interpretation of import/export targeted objectives.



2.2.2  Importer - Small Country/No Research Spillovers

vith a small country and no research spillover environment the world and
domestic price vi&} be unaffected by potential research on the commodity
within the country .

The situation is illustrated in Figure 1. Before research the national
supply is represented by S and national demand by D_. The small
country assumption means tfat the country can purchaéé all dimport
requirements at the ruling world price plus transport costs, P_,, without
affecting this price. The world supply facing this country is therefore
horizontal at price Pwi and is shown by sw,in Figure 1.

Fip = Pyg (Qqo=%o) - PuiQo %y
- PVi (Qsl‘qso) reesasaben s (1’

Given these supply and demand conditions the without research quantity
produced domestically is given as Q 0 and quantity consumed as de«.
Imports are therefore Q. -Q 0 and the domestic currency required go
purchase these imports is $vi( do-Qsc).

If research takes place and results in technology which shifts national
supply to Snl then domestic production will increase to Q_, and imports
fall to (Q,,-Q..,). The change in the domestic currency required to
purchase these f%ports is given by:

2.2.3 orter - Country/N arc 8

Figure 2 illustrates the situation for a country wvith net exports prior to
research having an -impact on production. Here § is again the
pre-research national supply. Pwe is the export parity price in the

;- - - o

Also assumed in these environments is the absence of
other forms of Government policy interventions which
distort prices and therefore potentially prevent the
direct 1ink between world and domestic prices. The
framevork can be used to accommodate this environment,
however, this is excluded here to facilitate fimpler

T Y T 1 -



FIGURE 1: 1llustration of Case of Net Importer, Small Country and No
International Research Spillovers
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FIGURE 2: Illustration of Case of Net Exporter, Smail Country and No
International Research Spillovers
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domestic currency and D_ is the world demand for the countries exports.
This is shown to be perfectly elastic as expected for a small country
situation.

Vithout resesrch, exports are shown to be (Q O-Q d } and the total value
of these exports in domestic currency te¥ms ?’ (Q p-Qy ). If the
impact of research causes a shift in national supply‘,“es:b S»Q ghen domestic
production will increase to Q_,. The change in the valud of exports due

to research measured in domesﬁf% currency is given by:

Fel t 3 Pve(Qsl_Qso) T L AR (2)

2.2.4, Cha r o )y Ex| r Due to Research - Small

Although not likely to be a common environment it is possible that research
could reduce commodity production costs sufficiently to chenge a country
from a small net importer to a small net exporter. Figure 3 illustrates
this situation. An important difference between Figure 3 and Figures 1 and
2 is the inclusion of both the world supply and vorld demand for the-
commodity. These are perfectly elastic at the import parity price, P ..
and the export parity price P__, respectively. The difference is gf’ie
transport cost differential wh '$h reflects the transport cost from the
nearest source of import supply and to the nearest destination of export
demand facing the commodity for the country.

Before research the country was a net importer of the commodity with
imports of (Q ;-Qso). If research results in a shift to snl the
country will begin exporting the commodity, with exports of (Qsl-Q 1).
The change in foreign exchange flows due to the impact of research 18 ggven
by:

Fop ™ Puy (‘Qdo"QsD‘) * Pue Qg0 )

wesenssrssns (3)



FIGURE 3: Illustration of Case of a Change From a Net Importer to a Net
Exporter Due to Research
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2.2.5 Importer - Large Country and/or Research Spillovers

The economic environments illustrated in Figures 1 to 3 assume that
research in the country in question has little potential dimpact on the
world price of the commodity. That is, the output change resulting from
the impact of research is very small relative to total world production,
There are at least two situations when this assumption is unlikely to be
realistic for a country. First, if the country producers and imports or
exports a substantial share of world production of a commodity. Second, if
the research results produce technologies which, with adaptive research
effort, are applicable in other countries and the combined output of all
these countries represents a significant share of world output. In either
or a compination of these circumstances the import or export parity price
facing the country will change due to the impact of research., It is
important to consider hov this may influence the pre- and post-research
import or export levels of the commodity.

Figure 4 illustrates a simplified representation of the combined large
country and research spillover situation. A two country situation is used
with country 1 as an exporter and country 2 an importer. Regearch is
ascumed to take place in country 2 and have spillover effects sfter
adaptive research to country 1. Notice in this illustration the unit cost
reduction due to research (vertical shift in the national supply) is
spaller in country 1 than in country 2 where the research originated.
Figure 4(b) represents a simplified world market for this two country
example. The intersection of the excess supply, ES., and excess demand,
ED,, gives the equilibrium world price, P_,. 1In Phis illustration for
simplicity transport costs have been ignored.  As discussed above this only
becomes important is a country switches from an importer to an exporter, or
vice versa, due to the impact of research.

Figure 4(c) is equivalent to Figure 1 except for the large country and

research spillover ssumptions. Comparison of areas on these two figures

gives an indication of the importance of these changes in the economic

environment. Before research the world price is Pw and country 2

imports (Q.,.-Q.,,) ©f the commodity.  Because of %he two country
e 20

illustration ve have:

(Qup07%z20" = Qs10"%10? = %o
That is, world trade, Qto' is equal to imports to country 2 and exports
from country 1, '

After research, supply in country 2 shifts to S and therefore excess
demand in the world market to ED,., Also due to tesearch spillovers the
supply in country 1 shifts to § and excess world supply to ES,. The

research now has potential to reshit in a change in the world price.



FIGURE 4 : Illustration of the Case of a Large Country and Research
Spillovers

Country 1 - Exporter World Market Country 2 - Importer
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In Figure &4 the wvorld price falls from P to P .. Now both the
production and consumption will change in cougery 2 (and country 1). If
the price axes are measured in the currency of country 2 then the change in
the value of imports in country 2 is given by:

Fip = Puo (Qz07R%z20? - Pur (Qu21%21

PR A A A (4)

For the situation illustrated in Figure 4 since Qto > Qt it can be
geen that ¥,, > 0. This will not alvays be the case. Depen&ing on world
production “&nd consumption shares, research spillover effects and
elasticities of supply and demand in different countries research could

result in increased total values of imports for country 2.

The more diverse nature of the economic and research environment
iliustrated in Figure 4 also raises other issues. For example, as research
spillovers occur only after some adaptive research there will be a
difference between the time to adoption of research for countries 1 and 2.
Thus the shift from S 10 to § in Figure 4(a) is 1likely to occur
gseveral years after the %upply shf%& in Figure 4(c). In this case only the
excess demand will shift from ED, and ED, during the intermediate
period. An equilibrium world price "between P, and P will result and
trade in the commodity will be given by ths° interséction of ES  and
ED.. This will be smaller than Q 1 The value of imports in couﬁ%ry 2
wiil be smaller and therefore the ﬁxfference due to research will change.
The pattern of these changes over time and the choice of discount rate for
this type of objective become important issues.

2.2.6 Traded_ TInputs

The economic environments discussed so far have only considered trade in
final commodities. In most econoules several inputs used din the
agricultural sector are traded, often imported. If import replacement is a
research policy objective then consideration of the value of imported
inputs used may be required. Similarly if the commodity is exported but
uses significant quantities of imported inputs the change in the value of
these inputs may be dimportant, The addition of this factor to the
environment leads to the importance of several possible complex
interactions.

Figure S provides an illustrvation of some of the main points. The
situation depicted is similar to Figure 4(c)., The line C provides an
indication of the share of supply costs at each possible ¢dommodity price
which is allocated to imported inputs and the share to domestically
produced inputs. The area between S 0 and C o’ that is, ‘abcd’,
indicates the share of total supply costs allocagéd to imported inputs
before research takes place, that is, when national production is Q0p*

After research the supply shift to 821 will be accompanied by a shift of
the dinput cost share line to C,.. Ignoring for the moment the
relationship between these shifts, %he change in the domestic currency
value of imported inputs used in production is given by 'abed' less
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FIGURE 5: Illustration of the lmported Output, Loported Inputs, Small
Country and No International Research Splllovers Case
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tefgh*, The change in the domestic currency value of imports associated
vith the commodity due to research is then shown by:

FiS'u sz (Q81 = Q0 t abcd - efgh

[EEEEE S EEE NS (5)

Vhether F,, > F., depends on vhether abcd > efgh. A priori the latter
need not iﬁe thé™ situation. If the wertical distance between C 0 and
C,. 1s the same as between 5 and S2 then efgh »> abcd., However,
tﬁis would be .an unusual case, It wou}d require that the technology
developed by the research would leave the per unit of output use of
imported inputs at the pre-research level. The technology would need to
result in cost savings only in the use of dometically used inputs. This
situation clearly places restrictive assumptions on substitution
possibilities between domestic and imported inputs, as well as the nature
of the technical change.

The more 1likely situation is when the shift from C,, to C,, is
different from the shift from S,, to S,.. I the techngiogy is Fhctor
(input) biased then the shift cod%g be ei%ﬁer greater or less, depending on
the direction of the bias, If the techmology is factor neutral the shift
from C o to° c could be proportionsl to the shift from S to
s 1° H%wever, égis would require that input prices remain unchanged or
cﬁange in unison. If for example, imported input prices remain unchanged
but domestically produced (non-traded) input prices change, then the
relationship between the two shifts will depend on the relationship between
the input price changes and input substitution possibilities.

In addition to the size of the shifts in the underlying functions the price
sensitivity of commodity supply will be an important determinant of the
size of the net change in the value of imports associated with a particular
commodity. Therefore, the elasticity of supply and available estimates of
it become a crucial factor in determining the level of achievement of an
import/export targeted objective.

In summary the possibility of both traded final goods and traded inputs
mekes measu ement of how well an import replacement or export enhancement
objective is likely to be achieved complex. Issues such as factor biased
technological change becomz important. Also simple m: zsures of the current
levels or values of imports or exports of final products are certain to be
poor indicators of how well these objectives are achieved for different
commodity research options.

2,2.7 Non-Traded Output and Traded Inputs

The possibility of an environment vhere inputs are traded introduces the
need to consider non-%raded as well as traded commodities. Even if the
output is not traded internationally some of the inputs used in production
could be. If so it is likely to be important to consider changes in the
imported value of inputs resulting from research.
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Figure 6 illustrates the type of environment that could result. As in
Figure 5, research is shown as a shift from 52 to 521 in the commodity
supply. Associated with thig is a shift from C to~ ¢ in the input
cost share line. Vithout an import supply (or eéxport demand), domestic
price is determined by local supply and demand conditions. Without
research this gives a price of P,.. With research this will fall to
P2 . Ooutput and domestic consufiption increases from Q 0 to Q 21
(v%ich equal Q 420 and Q respectively). The change in St?he domestic
currency value o% inputs mgsociated with this commodity is given by:

Fcl"ade-efgh R IR I (7)

Yhether F > 0 depends on the range of considerations discussed in
section 2."%.5. The factor biased/neutral nature of possible technologies
resulting from the research, share of dimported input costs of total
production costs and sensitivity of supply and demand to changes in prices
are some of the important determining considerations.

2.2.8 Other Considerations

In each of the environments discussed above the exchange rate has been
assumed to be given and implicitly that it is determined in a relatively
unregulated uational environment. In many cases an important reason for
adoption of import replacement or export enhancement as an objective of
* regearch policy is the foreign debt problems of some countries and the
associated government regulated exchange rates. Foreign debt, usually
repaysble in a major foreign currency, often places pressure on the
willingness of governments to allow exchange rates to be determined in a
competitive environment. Thus in many cases exchange rates are over or
under-valued, and international transactions controlled to maintain this
distortion. Persistent foreign debt and pressures from a distorted
exchange rate often lead to a view that further government intervention to
encourage import replacement or export enhancement is warranted. While
this may be defendable in special situations, it can be shown that in most
situations the second round interventions only serve to compound the social
velfare costs of the initial exchange rate manipulations. Although perhaps
unpalatable in the short run it will usually be preferable to eliminate the
initial distortions and use social welfare maximization objectives for all
public investments.

A simple small country importer environment can be used to illustrate this
point. Figure 7 is the same as Figure 1 where Pw is the import parity
price with an unregulated exchange rate environment. If the Government
develops a regulatory environment that results in an over-valued exchange
rate then the domestic currency import parity price is likely to be
P .. Thus imports of the commodity are now, if levels are unconstrained
'bgrlgovernment policy, available at a jower domestic currency price. In
such &n environment domestic production becomes less attractive and
consumption of imports more attractive. Therefore imports under

unregulated conditions of (Qdf'sto) will increase to (er'erO)
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FIGURE 6: Ilustration of the Case of A Non-Traded Output but Traded
Inputs.
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with exchange rate controls. Depending on underlying conditions domestic
currency expenditure on imports could increase.

Although an economy wide general equilibrium model is needed to accurately
represent this environment, it can be seen from this illustration that
short-term exchange rate regulation is almost certain to lead to longer
term self defeat or the introduction of additional regulation of import
levels.

If the export commodity environment of Figure 2 is considered it can be
shown that an overvalued exchange rate will result in a lower domestic
currency export parity price and therefore =a reduction in domestic
production and therefore export levels.

The alternative environment of a regulated under-valued exchange rate will
have the opposite effects. That is, imports will be lower and exports
higher than in a floating or unregulated exchange rate environment. of
course in this situation foreign debt levels and repayments will, if
written in international currencies, be higher.

The shift in supply due to research, that is § , to 5, can be
incorporated as shown in Figure 7. For the small ncnuntryfr’xo research
spillover case, although the domestic currency value of imports is reduced,
the distortions to consumption still remain. For the illustration used the
value of imports is still higher than if exchange rate restrictions were
eliminated.

2.3 Interpretation of Objectives

The systematic discussion of import/export targeted objectives using a
simple supply and demand framevork provides a basis for developing a
clearer interpretation of this type of research objective. This
clarification is required to facilitate development of measures which can
be used to indicate whether different research emphasis will achieve this
type of objective. In addition measures derived on this basis can be more
readily compared with measures associated with other objectives, for
example, national welfare maximisation.

Import replacement and/or export enhancement as a research objective is not
a very specific description. Inspection of Figures 1 through 7 suggests a
list of possibilities that could be jncluded in these statements. The main
possibilities include:

(i) maximisation of the reduction in the gross value of commodity
imports or increases in the gross value of exports due to
research. This would be measured by Fil’ Fel' Fcl or
Fiz depending on the appropriate environment.

(i) maximisation of the reduction in the net value of commodity
imports or the increase in the net value of exports due to
research. This would be measured by, for example, F13 or
perhaps Fcl'
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(iii) maximisation of the net value of total welfare gains due to
decreased imports or increased exports. This objective would be
measured by, for example, ithe area ‘'acn' in Figure 3.

The first two interpretations of objectives stem from the discussion of
Figures 1 to 7. The third possibility requires brief digcuysion.
Mizimisation of an area such as 'acn' may be vieved as appropriate if it is
felt that it is inadvisable to ignor the level of domestically produced
resources which are used in producing 7 commodity, vhen making research
resource allocation decisions. This point may be clearer if the following
is considered. The welfare of a country is unlikely to be improved by
producing a commodity when the value of inputs used to produce it exceeds
the value of the output of the final product. In this respect areas such
as ‘acn' in Figure 5 are the net gains to society from decreased imports
resulting from research.

However, the latter interpret;tion of import/export targeted objectives
seems to beg the gquestion: wh' only be concerned about welfare gains on the
traded component of producti m? All welfare gains from research appear to
be a more appropriate objec .ive. If this interpretation is accepted there
is a strong case for reverting to a national welfare objective and measures
of this. Import/export targeted objectives are best subsumed into this.

If, on the other hand, objectives such as (i) or (ii) are specified as
crucial to research policy, it is important to develop measures to reflect
these and provide comparisons between them and possible other objectives,
such as national, or regional velfare improvement. It can be seen from
Figures 1 to 7 that research emphasis on some commodities will satisfy one
objective more than the other. Thus import replacement maximisation may
require significant sacrifices in national welfare improvement.
Information indicating commodities which satisfy both objectives could
prove useful for assisting decision making.

3.  MEASUREMENT OF IMPORT/EXPORT TARGETED OBJECTIVES
3.1 Intro tion

Quantitative measures of welfare maximisation and redistribution objectives
have been developed by, for example, Davis, Oram and Ryan (1987). These
are based on environment descriptions similar to those included in figures
1 to 7. Similar measures can be developed to facilitate systematic
comparisons between these objectives and import/ export targeted
objectives. Estimation of generalised versions of equations (1) to (5)
provide these measures.

This section provides estimates of these generalised formulae. A
comparison with formulae measuring the achievement of national welfare
orientated objectives is presented.

3.2 Measures for Import/Export Targeted Resgearch Objectives

Norton and Davis (1981) have summarized the range of economic environments
used to develop research evaluation measures. All of these environments
focused on closed economy models. Edwards and Freebairn (1984) extended
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the methodology to a traded good environment. Davis, Oram and Ryan (1987)
expunded their basic model to include many trading and non trading
countries and placed more emphasis on the concept of research spillovers
between  countries (regions) and factors such as the adoptien
characteristics and differences in adaptive and innovative research
strengths between countries (regions). Davis, McKenney and Turnbull (1989)
have focused attention on the importance of modelling between region
research spillovers and have suggested some systematic procedures to do
this.

Combined the developments in these studies can represent most aspects of
the economic end technical environments included in figures 1 to 7. The
underlying model wused to f£ind measures for national welfare oriented
objectives can therefore be used to develop measures for assessing
import/export oriented objectives. To simplify presentation several
aspects of the previous models will be ignored. These include differences
in adoption of the technologies and differences in inzovative and adaptive
research strengths between countries. Formulae developed will not include
time flows and discourting factors. As can be seen from, for example,
Davis, Oram and Ryan (1987) these parameters can be added with only minor
adjustments and are no: crucial for highlighting the main points of focus
in this paper.

Formulae for several 1ifferent measures associated with import/expurt
targeted objectives are developed below. These include measures of : the
gross value of current imports or exports; the change in the value of
commodity imports or exports due to research; the change in the value of
imported inputs due to the impact of gegsearch; and the expected gross
national bemefits from research and their distribution between producers
and consumers in the country where research takes place. The latter group
of formulae are taken from previous studies and are repeated here using
consistent terminology to facilitate comparisons.

3.2.1 Gross Value of Current Imports or Exports

The most common measure of an import/export objective used in ‘“sc-ring
model” studies is the gross value of current imports or exports. From most
of the figures discussed earlier it can be seen that this can be measurad

as:

GVTy5 = Puo Quio = io?

seeasssssss(B)
where:
GV, is the gross value of trade for the commodity of interest in
' sountry 'it at pre-research price and output levels.
on is the world price of the commodity under pre-research
equilibrium conditions.
Qdio is the domestic consumption of the commodity in country ‘'i'
' before research
Qio is the domestic production of the commodity in country ‘i’

before research.
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It dis readily seen that this *“scoring model* type of measure of the
achievement of import/export oriented research objectives is not dependent
on any of the changes in the technical and economic environment after
research has an impact on production. In most countries reasonable
estimates of the information required to calculate this measure are
available, This probably explains its regular use in "scoring model®
assessments.

3.2.2 The Change he Value of Commodity Imports o 14:] a
Result of | pact of Reses

Equation (4) is the general form of a measure which indicates the change in
the wvalue of commodity imports or exports as a result of research
undertaken in a ; rticular country. It has been shown, in the research
evaluation literature, to be useful to express these measures in terms of
pre-research equilibrium conditions and research impact parameters. Davis
and Bantilan (1%90) provide details of the substitutions and term
rearrangements required to provide the following formula:

Pos

org = i Qo kit \:(Qaao ~Qso — Esi Qsw kr\.)

- '@SﬁQs(a +€4; Qaio) + %&:(gsi@sb “"&'L(‘Qdi-} 2 Zs5 Oy ki
Z(&5{Qs it £4{Qap)

L 2 (01 Qo +E4; R

X Z%Qﬁso k ‘V; )}

vevwseees(9)

where:
cvT i is the change in the value of trade of the commodity in country
a tit' ag a result of research undertaken in country 'i'.

€1 is the own price elasticity of supply for the commodity in

‘ country ‘it

a4y is the own price elasticity of demand for the commodity in
country ‘4!

k is the spillover impact of research undertaken in country 'i' on

i production costs in country 'j' for the year being analysed.
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As is discussed in detail in Davis, McKenney and Turmbull (1989) the
ultimate cost reduction, kij‘ in country 'j' is best represented by:

S Bt teereenss(10)

where:

Ri is thg potential cost reduction in country '4i' from research
‘ undertaken in that country.

'aij is the spillover effect from research in country ‘it on

production in country '}'. Also Oésij<l

As they indicate values of s,, apply to geographical/political boundaries
{countries or regions). Tﬁése need to be derived from homogeneous
production environment spillovers which are more closely related to
research possibilities. There are several important implications £rom
these points, however, these will not be discussed further here.

3‘2’3 m

As discussed in section 2,2.6 the possibility of imported inputs being used
in the production of traded (or non~traded) commodities adds considerable
complexity to model used to evaluate the impact of research on foreign
exchange earnings. 1In the illustration used here a simple model will be
adopted. It is assumed that the share of production costs spent on
domestically sourced inputs is proportioncl to total production costs.
This is the model illustrated in figure 5. Davis and Bantilan (1990) show
that it is necessary to adopt a kinked supply estimation procedure similar
in nature to that used by Lindner and Jarrett (1978) to estimate the change
in the wvalue of imported inputs.

The formula used to estimate the change in the value of imported inputs is:

avr, = £ (1~8 Qsio [ (P U=YE) +2Mi (1-Y0) F 2K Yi]

ovi&na.t-&(ll)’
vheres
cvT xi is the change in the value of imported inputs used in the
production of the commodity in country 'i'
g i is the domestically produced input costs as a share of total
costs for country ‘i’
ﬁi is the minimum cost of producing the commodity in country i,

This is used as the price axis intercept.

Y, = A[g + €ai kel - €ei 2 ssjc’)sjo,kij
Fue Ro' S Bsi Qoo +E4i Q50
eansesaes(12)
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3.2.4

A measure of the change in the value of traded output and input use for =
commodity is given by the sum of equations (9) and (11), that is,

CV‘I'i - CVTqi + CVTxi
‘.......‘.(13‘)
vhere:
cvrl is the total change in the value of traded output and input use

for the commodity in country 'i'

Inspection of the expanded version of equation (13) indicates the
complexities which can be highlighted if some of the zresearch policy
objectives used in scoring models are given «closer systematic
interpretation. Use of equation (8) as a measure of how well research
might achieve this type of objective clearly overlooks several complex
interactions which can take place. Depending on the economic and technical
environment for a commodity it is possible that an important import may,
after research, have higher import walues. Thus undertaking research on
this commodity may be inconsistent with achieving an import/export focused
objective.

To facilitate comparisons it is useful to express the welfare maximization
and redistribution objectives wused din previous studies din similar
terminology to that used in this paper. Davis and Bantilan (1990) again
provide details of these rearrangements. The following can be used:

6By =k 5400 ¥ Ogio = Gyo) S MR kig
2 (£5i Qsio +24; Qejo)
+ iiiu <Q&Lo (_“- E@i{‘QS@c*&ig‘)

2 fao ( Z (85 Qsjotey; QAJ'))

+ 2‘52(: pQSm [ kg — 2 £} Rsjo ktl
Wo EELG?gaGhuo*{a*sGuﬁj> &

oqotv"l-(lé)

vhere:

is the gross value of national welfare gains in country 'i' from
research undertaken in country 'i’'.

GByy
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ghe distribution of these gains to consumers within the country is given
y1
6BOy; = Qqup 2 Esi Qojo ki
3] (%5i Quio YEAS)
+oedi Qo @es Qo ki)
2 Rao Cﬂ(&;@:&ﬁ%@.........(ls)

where:

is the value of the share of gains from research in country it
received by consumers in country ‘i’

GBCii

Finally the equivalent measures of the distribution to producers within the
country is given by:

GBP,, = [ ki, — S Esi Rsfo ki } Rsro

ii
3 (83 Qsjo + 24§ Qo
- AJ : "y ¥ ‘e 2’.
+ Z3iBsco Ko = 2563 Qsie ke »
L i Y N
2_Pue 2 (53 Qujo Y24 Quje)
00.-.-0-0(16)
where

GBPii is the value of the share of gains from research in country tit

received by producers in country 'i'

3.4 Comparison of Welfare Targeted and JImport Export

Targeted Objectives

The formulae develeped in equations (9) to {16) include several sets of
complex interaction terms, These make it difficult to make simple
comparisons. In this section an attempt is made to highlight some
important differences, however, the full implications will be left to the
perseverance of the reader.

Several important points can be readily seen. The use of the current value
of trade in a commodity as a measure of the achievement of an import/export
objective is simple and ignors completely the impact of the research on
production. Inspection of equetions (9) and (11) and comparison with
equation (8) indicates that gignificiantly different inferences could
result for different commodities.

1f production inputs are all domestically produced estimating the change in
the value of trade due to research requires the same set of data as the
velfare oriented objectives used in research evaluation studies. However,
if imported inputs are used in the production process, additional
information collection will be required to estimate how research influences
achievement of an import/export objective.

Table 1 has been developed to provide an indication of how the measures of
the three alternative research policy objectives compare for a traded



TASBLE 1: A Comparison of Information Requirements

for Measures of Welfare and Import/Export Targeted Objective

s ~ Traded Commodities

OBJECTIVE

INCREASING DISTRIEUTION OF IMPORT/EXPORT
INFORMATION / PARAMETER NATIONAL WELFARE NATIONAL WELFARE TARGETED
REQUIREMENT ESTIMATE REQUIREMERT ESTIMATE REQUIREMENT ESTIMATE
LEVEL | SENSITIVITY LEVEL SENSITIVITY LEVEL SENSITIVITY
PRODUCTION
National High High High High High High
International High Low High Medium High Hedium
Share to Target Groups Low Tow High High Low Low
LONSUMPTION
National High High High High High High
Internaticnal High Low High Medium High Hedium
Share to Target Groups Low Low High Kigh Low Tow
PRICES High Low High Low High Low
UNIT COST REDUCTION High High High High High High
SUPPLY ELASTICITY
National High Low High Medium High High
International High Low High Righ High High
DEMANT Z_LIVICITY
National High Low High Medium High High
International igh Low High High High Righ
RESEARCH SPILLOVER EFFECTS
National High High High High High High
International High Hedium High High High High
SHARE OF IMPORTED INPUTS
IN COSTS Low Low Medium Low High High
MINIMUM PRODUCTION COST Low Nil Low Nil High Low
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commodity. A set of simulation experiments were used to provide the
assessments included in this table. The assessments of sensitivity to
changes in the dinfrrmation or parameter should only be regarded as
indicative As inspection of the formulae veveals there are several
interactisn effects wvhich mean under special combinations of information
most possible outcomes could apply. The main conclusion drawn from Table 1
is that as we shift across the table from a national welfare increasing
objective to import/export targeted objectives the information requirements
increase (although only marginally). However, what is important is the
increase in the sensitivity of measure estimates to a larger set of the
information and parameters, TFor example, the national welfare maximization
is highly sensitive to four of the sixteen sets of information required,
vhereas the import/export targeted objective is hiphly sensitive to ten of
them. In addition the latter objective measure is sensitive to information
vhich is less readily available and therefore less likely to be accurate.

Non-traded commodities will face a different set of information
requirements and sensitivities.

4, A PRELIMINARY APPLICATION TO PHILIPPINE AGRICULTURE

4.1 Introduction

An empirical application of any methodology is the best way to highlight
important features. Decision makers in the Philippine Agricultural
research system have indicated that import/export oriented objectives are
important in making allocation and priority decisions. Tr.s seetion
reports the results of a preliminary application of the measures developed
to twelve agricultural commodities for the Philippines. The results
presented are preliminary in that they cover a subset of the commodities to
eventually be analysed and are based on a simpler version of the model than
will be used in the Ffinal analysis. The final model will disaggregate the
Philippines into at least thirteen regions and, the rest of the world into
a mix of individual ASEAN countries and aggregated other geographical
regions. In addition more realistic modeling of research lags and
strengths within the Philippines will be included as well as different
adoption possibilities. The objective of this application is to highlight
the implications of the anlaysis and provide some preliminary results as a
stimulas for interaction with research decision makers.

4,2 Information Used in the Analysis

Table 2 summarizes the data used with the formulae developed in Section 3.
A single national Philippine market for each of twelve commodities is
used. All other countries are aggregated as the rest of the world.

The data included in table 2 comes from two main sources:

(i) The Philippine mnational information was taken from; official
statistical sources, for example, production and consumption; a range
of individual studies, for example, supply/demand studies for
elasticities and detailed farm cost surveys for minimum production
costs and domestic input cost shares; and a detailed analysis of
agricultural production environments to provide aggregated research
spillover estimates.




TABLE 2¢ Basic Data Used in The Calculation of Export/Import Objective
Measures and Comparision with National Benefit Objectives.

Philippines Rice Maize Coconuts Hilk  Soybesns fanana Swest Potato Cassava Sugar Coffes Cocoa  Cotton
Price ' %7 148 80 295 244 275 127 69 318 3120 1965 140
Production 5303 2486.5 11007 33.3 7.7 3813.9 709 1440 3068 128 5.2 5.8
Consumption 5230.7 3684.3 4310 751.9 28.5 3069.2 709 1540 1316 62 S 2.8
Elzsticity of Supply 0.33 0.17 0.6 0.2 0.2 0.4 0.05 0.5 0.68 1.05 0.21 0.8
Elasticity of Demand 0.42 0.4 0.5 1.08 0.7 0.77 0.25 0.2 0.2 0.3 0.5 0.29

wi Spillover 0.583 0.612  0.654 0.315 0.762 0.599 0.618 0.62 0.606 0.528 0.874 0.732
Unit Cost Reduction 16.5 5.7 4 14.8 12.2 12.8 & 2.6 15.8 156 97.5 7
Donastic Cost Share 0.8 0.68 0.95 0.8 0.7 0.98 1 0,07 0.82 083 049 0.8l
Hinizun Production Cost 124 110 20 150 26 34 37 157 100 442,43 1332.08 15L.%4

fest Of Horld

Price 327 148 8 295 244 275 127 69 315 3120 1965 140
Preduction 2945759 426886.8 36877 504440 90131 SR307.6 130733 130451 98498 5606 1800 16573
Censumption 294648.2 426689 43574 S03721.4% 901i3.2 59052.3 130733 130441 100250 5672 1800.2 16584
Elasticity of Supply 0.3 0.4 0.5 0.84 0.4 0.4 0.5 0.5 0.5 073 0.8 101
Elasticity of Demand 0.4 0.5 0.9 0.3 0.55 0.4 0.7 0.79 0.5 0.2 0.8 0.9

Spiilover 0.361 0.251  0.6al 0.188 0.128 0.45 0.324 0.52% 0,157 0362 0825 0229
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{ii) The rest of the world information is taken from the ACIAR based
70 region world model data £iles. This information was
initially described in Davis, Oram and Ryan (1987) but has
since been (and is continually being) expanded to include more
than 50 agricultural, forestry and fisheries commodities. The
spillover values are aggregations of detailed estimates based on
up to seventy different production environments defined
independently of geographical boundaries. Davis, McKenney and
Purnbull (1989) provide & summary outline of this process
applied to forestry.

4.3 Analytical Results

For simplicity results are estimated for a single period in time rather
than discounted over the full period from research inception to technology
replacement. Since there are often significant adaptive research lags
before international spillovers are transformed into cost reductions, two
sets .f analysis were undertaken, The first, summarized in table 3,
assumes all spillovers have taken place. Therefore maximum expected world
price effects will have occurred. The second, given in table &4 represents
the time period when only domestic production is affected by research. If
the Philippines supplies a significant share of world production and trade,
as for example is the case with coconuts, then some world price effects
will occur, if not, a small country traded good situation will apply and
commodity prices will hardly change due to the impact of research.

Comparison of tables 3 and 4 illustrates the importance of spillovers to
the impact estimates for each type of objective. In general, unless trade
is a major share of total production the national benefits maximization
objective estimates are not greatly affected by the time lag. Since the
gross value of trade measure is not influenced by research impacts this
measure remains unchenged in each situation.

The considerable difference in price effects between the two situations
means significant changes in the measure estimates for the other two
objectives. Consumer and producers shares change with, as expected,
producer shares increasing substantially with reduced world prices
effects. Measures of the change in the value of trade due to research are
also sensitive to the price impact resulting f£from between country
spillovers, As expected some commodities recording net increases in the
value of imports or decreases in the value of exports have this situation
reversed (for example bananas). This results from limited domestic
consumption increases because of only small, if any, price decreases.

The type of results reported in tables 3 and 4 can be used in many ways to
support research resource allocation decision making. This paper focuses
on one of these possibilities -~ their use to assist research priority
setting.

4.4 A_Comparison of Commodity Research Priorities for Alternative

Research Objectives

Once quantification of measures for each possible objective has been
completed there are no well developed methods for transforming them into
research priorities. The approach used by, for example, Davis and Ryan
(1089) is adopted here. Briefly this involves using the information in



TABLE 3: Estimates of the Annual Impact of Research for Each Objectlve -
Model With International Spillovers.
COMMODITY National Consumer  Producer  Gross Change in Change in  Change in
Benefits Benefits  Benefits  Value Trade Commodity Input

Rice 50670 13459 ani 23642 14115 6355 7760
Haize 12307 2353 9954 29274 4236 872 3364
Coconuts 21526 4765 16761 535760 1095 141 954
Hilk 1162 1074 108 211987 -19 -106 27
Soybeans 84 18 67 4343 34 21 13
Banana 29335 9540 19788 204793 -1270 -1747 417
Sweet Potato 1753 292 1461 0 0 0 0
Cassava 2325 1661 664 0 60 0 60
Sugar 27078 1620 25258 551880 16376 14094 2282
Coffee 7768 2649 5119 205920 3636 1669 1966
Cocoa 436 210 227 393 258 -64 322
Cotton 46 2 25 2660 34 30 4

TABLE 4: Estimates of the Annual Impact of Research for Each Objective -

Model Without Internaticnal Spillovers.
COHMODITY National Consumer  Producer  Gross Change in Change in Change in
Benefits Benefits  Benefits  Value Trade Commodity Input

« Rice 50938 416 50521 23642 23317 16408 6909
Haize 12188 20 12168 29274 5304 2058 3247
Coconuts 27428 1030 26398 535760 16214 13539 675
Bilk 156 0 155 211987 % k)| 25
Soybeans 72 - 0 72 4343 3 23 13
Banana 31520 762 30759 204793 11843 11454 392
Sweet Potato 1753 292 1461 0 0 0 0
Cassava 2325 1661 664 0 60 0 60
Supar 29229 255 20974 551880 20936 19093 1844
Coffee 10546 128 10419 205920 - 10579 10613 -34
Cocoa 445 0 445 393 380 93 287
Cotton 30 0 30 2660 26 24 3
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table 3 (or &) to calculate research relativities. These research
relativities are then used to group commodities into high, medium and low
groupings according to how well the measures indicate they contribute to
satisfying the particular research policy objective.

Table 5 provides these priority groupings for the model which_ includes
international research spillovers (that is, wusing table 3)72. Two
research policy objectives are illustrated. Priorities for the
import/export focused objective are developed using the two alternative
measures discussed and developed earlier in the paper. The first is based
on equation (13) and measures the change in the value of traded output and
inputs due to the impact of research. The second is the measure commonly
ugsed in scoring models, that is, the gross value of current trade.

The results indicate that even for this small subset of important
commodities significant differences exist in the priority groupings. For
each objective and even alternative measures for the same objective
commodities are in different groupings.

Tabular comparisons of this type of information often do not clearly
demonstrate these differences. Davis and Ryan (1989) suggest a bog-diagram
representation as an effective means of presenting such comparisons to
decision makers. Figure 8 provides such a representation for the two
alternative measures of an import/export focused research policy
cbjective. Here the change in the value of trade priorities are
represented on the vertical scale and grose value of current trade on the
horizontal scale, Hkigh to low are listed from top to bottom for the former
and from right to left for the latter measure.

Commodities enteved in the left to right upward diagonal are those which
are given the same priority using either measure. For example, sugar is
high for both the change in erade values and the gross value of current
trade. Similarly soybeans are low priority for both. On the other hand,
milk is low priority for the change in trade but high for the gross value
measure. The more commodities in off-diagonal boxes the less consistent
are research priorities determined by either measure.

In figure 8 it is seen that only half of the commodities are given similar
priorities using alternative measures. On the basis of these results it
seems reasonable to conclude that care is required in choosing the
appropriate measure to use for a particular reseazch policy objective.
Inappropriate priority information may be generated if an inappropriate
measure is chosen. .

The same type of presentation can also be used to compare priorities
developed for different research policy objectives. Figure 9 includes the
national welfare maximizing objective on the vertical axis and the change
in value of trade measure of the import/export objective on the horizontal

axis.

- . - - > > o

:ZSimilar tables were developed prior to spillover estimates.
Since results wvere not substantially different they are not
presented here.



TABLE 5 ¢ Commodity Research Priority Groupings for Different Objectives
+ Philippine Agriculture (Incorporating International Research
spillcvers)

Priority Objective

Grouping
National Import/Export Targeted
Benefits
Maximization Change in Gross Value

Value of of Current
Trade Trade

High Rice Sugar Sugar
Banana Rice Coconuts
Sugar Maize Milk
Coconuts Coffee Coffee
Maize Banans
Coffee

Medium Cassava Coconut Maize
Sweet Potato Cocosa Rice
Milk

Low Cocoa Cassava Soybeans
Soybeans Cotton Cotton
Cotton Soybeans Cocoa

Sweet Potato Cassava
Milk Sweet Potato

Banana
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In this comparison half of the twelve commodities are allocated to matching
research priority groupinis. The remaining set indicate conflicts in
priorities between objectives. Unless commodities in the diagonal boxes
are chosen for research emphasis conflicts in achieving research policy
objectives will occur. The information generated by the analysis can
provide indications of the opportunity costs likely to be involved, If
multiple objectives are still considered to be important this information
can be used by decision makers in adjudicating on conflicting commodities.
If necessary weighting procedures can be developed to develop compromise
priority groupings. '

5. CONGLUSIONS

This paper has attempted to develop a more systematic discussion of a
commonly expressed agricultural research policy objective. The objective
is wusually stated as dimport replacement and/or export enhancement.
Existing literature has not discussed this objective in any detail and has
not attempted to develop quantitative measures for use in assessing whether
research options are likely to achieve this type of objective. '

Several important conclusions can be dravn from the discussion. First it
has been shown that a clearer specification of these types of objectives is
required. This specification needs to include assessments of such factors
as vhether only trade in the final commodity is relevant or should traded
inputs also be included? Alsoc should any consideration be given to the
domestic resources used in the production of the commodity? A research
strategy which ignores the opportunity cost of domestically produced inputs
or resources may not provide the highest level of national welfare.

A set of alternative quantitative measures were developed for assessing how
vell research on a particular cummodity is likely to contribute to this
import/export focused objective. The first was the measure commonly used
by *scoring model® style priority assessments. The second was derived from
the interpretation of this objective developed in this paper,

A preliminary empirical application to Philippine Agriculture reveals scope
for significant conflicts in the research priority groupings of commodities
using either measure. It is concluded that if indeed it can be shown that
such an objective is appropriate for research policy then the change in
value of trade due to research impacts is the preferred measure to use.

A comparison between an import/export objective and a national welfare
gains maximization objective indicated that conflicts in resultant
commodity research priority groupings are likely to exist. Care is
required in adopting these objectives to ensure opportunity costs are in
the social interest.
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