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ABSTRACT

The determination of the priority research portfolie of the International Crops Research Institute
for the Semi-Arid Tropics (ICRISAT) is based on a structured, analytical priority-setting
framework where a composite index is derived to reflect its multiple research objectives. An
analysis of the data set generated in the process of determining ICRISAT s priority portfolio
features the strengths and weaknesses of the priority setting approach adapted. where two issues
are addressed, namely:(1) bias in the generation of data; and (2) disparity between the
conmimodity-level priorities set by ICRISAT and those by the CGIAR. Clarification of these issues
is attained by anulyzing the tradeoffs involved under different scenarios regarding the relative
importance of the specified objective-related criteria.

! Contributed paper presented at the 38® Australian Agricultural Econonics Society Annual
Conference, Victoria University, Wellington, New Zealand, 7-11 Febiuary 1994,

* Principal Scientist (Economics), International Crops Research Insutute for the Semi-Arid
Tropics (ICRISAT).



SENSITIVITY ANALYSIS FOR RESEARCH PRIORITY
SETTING WITH MULTIPLE OBJECTIVES AT ICRISAT

by

Ma. Cynthia S, Bantilan

1. Introduction

The determinatiyyof ICRISAT s priority research partfolio is based on a structured, analytical
privrity-seting methodology where a composite index is derived to reflect its multiple research
objectives. A ser of measures iv established  for each of the following criteria: economic
efficiency, equity, inteinationatity and sustainability. Of interest is the rich data set gencrated in
the process  marking research ﬁbj(‘.‘ﬂi\ ex, estimated vield losses due to production constraints,
expected yield gains achievable via vesearch, pmb.ahxhu of success, rates of adoption, adoption
ceiling, research time lags, and adoption time lags for each of the 110 research themes defined
for ICRISAT s research portfolio plan. The resulting database iays a foundation for a systemativ
priority-setting exercise across the various disciplines covering all research programs.

Analysis of the aove da% set provides an_opportunity o illustra®s the analytical power and
usefulness of the mlhoditogy and data generated during the above-n entioned planning exercise.
It strengths and limitations are »eamidd, addressing in pa-tenlar toy issues, namely: (1) bias
in the generation of data or apparent lack of cons.stency -« o timraies across programs: and (23
dispmrixy between the conunodity-level priorities set by 10 iS4 T and those by the CGIAR.

Clarification of these issues is ettained by analyzing tradeoffs i »ived under different scenarios
regarding the relative importabee of the specified objective-related criteria. As research
management pays particu.? atteation to tradeoffs among themes at the low end of the priority
spectrun® most likely to be affected by budget cut-off, analysis is focused on research themes
clustering around potential budget cut-off points. An examination of these clusters finds
significant shuffling among themes around the budget cut-off points even with marginal changes
in parameter estimates or weighing system used.



2. Objectives and measurable criteria
The CGIAR mission statewment veads:

“Through international and related activities, and in parership with national research
systems, to contribute 10 sustainable improvements in ways that enhance nutrition and
well-being, especially for low income people” {TAC Secretariat, 19923,

Like other sister institations within the CGIAR, ICRISAT s regional and global mandate is wed-
defined by this mission. Her geographic regional muandate 15 the semi-arid tropics, where “he
world's poorest an® hungriest people live. The global crop mandate includes six food creos -
wrg,hmm pear! miller finger millet, groundnut, pigeonpea and chickpea - mainly growa by the
poor in the harsh and undependoble emvironments of the world,

i
The objectives of ICRISAT as expressed by the mission statement above may be translated into
a set of measurable criteriz, namely: economic effiviency, equity, internationality and
sustaivability, A bref discussien of the measuremensts (ICR va\T 19923 used for each criterion
follows,

Economic efficiency. Discounted net benefit cost tatios were caleulated to estimate the effiviency
of research investments, Net present value of research benefits was caleulated as follows: The
expected annual value of yield gains which would be avhieved should the research be successful
wits obtuined by using yield loss date and antivipated percentage yield improvement from
research, applied to the known production within the tugeted domainisy, This figure was
subsequently discounted according to probabilities of success, veiling rates of adoption, and time
value tdiscrunted cash flow) relating to amticipated research and adoption lags to generate the
present value of benefits. An aggregation of all net present salues over a specified time horizon
for v hich benefits continue to acerue provides the total benefit in present value terms or the tatal
net present valug.

Research investment vosts were obtained by accounting for human capital cost plus vatue of
capital items. For each thee, the disconmed value of principal scientists” cost and of speciat
capital cost were caleulated for each year that active research was projected, with the sum of
these tigures providing the total JCRISAT cost in present value terms.,

Having computed the total cost and total benefit (in present vadue terms), with adoption levels
antd probability of success taken into account, the net benefit/cost ratio was obtained by dividing
the net benefit (total discounted benefit less the discounted costy by the discounted cost.

Equity. Two proxy variables, poverty und female literacy, were used to measure the distribution
of benefits obtained from research. The first was measured by the total number of poor in the
primary domain(s) for which the research was targeted; and the second by the number of fenule
iterates, This latter figure is an indication of human welfure development, and also o measure
of the potential impact of the research on the gender issue.
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Internationality. The *imernationality” of a research theme was considered significant, ie.. an
TARC such as ICRISAT should have its activities weighted towards projects of greater
international impact, leaving purely natonal projects 1o the NARSs. To indicate *internationality”,
the Simpson Index of Diversity was used.

Simpson Index of Diversity:

‘ L=1 wz{m )
! T 1100/

where S, = share of total yield gain resulting from research theme i which is realized in country
- In this case, a higher factor indicates greater internationality.

Environmental sustainability. Research themes were given a rating of 1 1o 5 to indicate
their contributions 1o sustainable agriculture. A low rating of 1 relates o a research theme which
makes no, or only negligible, contribution te sustainable agriculture. On the other exueme, a
rating of 5 would be given 1o a theme where primary focus of the research is the enhancement
of the natural resource base.

Database for research evaluation. Caleulation of measures of the four eriteria identified requires
an extensive database. The resulting database, built up in the medium-term planning provess
conducted by ICRISAT, contains comprehensive data for each of the 110 research themes on
research objectives, target research domain, estimated yield losses, expected yield gains,
probability of success, adoption rate and ceiling level. research and adoption lags, expected
output, and required manpower and vapital requirements. This database is an invaluable
benchmark for research evaluation of future projects relating to the research themes identified.

The datafile structure, shown in Figure 1, indicates the relationship among the variables
underlying efficiency, equity, internationality and sustainability. It shows their linkages with each
other and with the four measurable criteria. The diagram depicts a composite index derived as
a weighted average of these four parameters. The simulations discussed in this paper are
facilitated by the systematic linkages established.

K Research portfolio: description of priorities

ICRISAT's portfolio of (ranked) research themes is presented in Table 1. This set of priorities
in the Medium Term Plan, representing the sitwation where efficiency, equity, sustainability and
internationality are given equal weights, is taken as benchmark for this analysis. Figure 2 depicts
the composite indes - cumulative cost mapping of the Y2 research themes shated for core funding
arranged in order of their priovities. The distint mark assigned to each commedity or unit clearly
shows the commodity/unit level distaibution of priorities. Figures 3 and 4 give a pitorial



summary of the standing of each commaodity or unit. The budget cutoffs indicated on the right
hand side of these composite index - cumulative cost mapping explicitly show the number of
themes affected in alternative budger scenarios. The figures clearly indicate that Genetic
Resources Unit (GRU) and groundnut research comprise the hignest priority themes where none
drops out in any of the funding schemes:; chickpea, Resource Management Program (RMP) and
sorghum lose at most only three themes each in a constrained funding situation: while 2
significant number of pigeonpea and peard millet themes is expected to be drepped in a
constrained funding situation.

4 Lack of Consistency or Bias?

This section examines the issue of bias or apparent Jack of consistency in the data underlying the
composite index across programs, The generation of the data was a year-Jong process where
every scientist from euch of the programs of the Institute was involved. To minimize differences
in judgments across programs, ICRISAT conducted an intermal review of each of the program
estimates: and the judgments are taken as the best available from the Institute during that time.

The estimates of the measurable criteria underlying the ¢.omputation of the composite index were
examined. Figures 5 and 6 summarize the information depicting the averages of estimates of
parumeters {e.g. probability of sucvess, adoption ceiling, research costs and adoption lag) used
in calculating the efficiency index (net benefit cost ratio). This type of information assists in
identifying which factors account for the priority seuing of themes classified by commodity group
or research unit. Comparison of the data for probability of suceess and ceiling level of adoption
at the commodity groupfresearch unit level of disaggregation (see figures Sc and 5d} does not
confirm the bias of estimates that is commonly perceived.

Figure 7 illustrates the relative positon of commodity groupsfresearch units ranked by the
composite index and the five indices from which it is based tnet benefit cost ratio (NBCR},
poverty, gender, internationality and sustainability). The composite index shown in panel (f)
explains the following priority ranking by commodity groupfresearch units: 13 GRU; 2) GN: 3}
CP; 43 RMP; 5) SG; 6) PP and 7) PM. The relative positions of the commodity/unit groups with
respect to the five measurable criteria shown in panels (a) to (e) explicitly clarify the basis of the
priorities set in the medium term plan (MTP) research portfolio.

The GRU group of themes stands out (see Figure 71) with vlear advantage in all respects, ie..
NBCR. poverty, gender, internationality and sustainability. Inspite of its low NBCR figure,
groundnut is ranked second as it gains advantage over the other five groups with respect 1o
poverty, gender, internationality and sustainability. Figure 7a (net benefit cost ratio) features the
superior advantage of chickpen themes over all other crops in terms of their potential net benefit
cost ratio.

Pearl millet and pigeonpea are shown as two commadity groups competing for the last drops
from the CG-bucket. Pear] millet themes rank lowest with respect to four indices: NBCR,
poverty, gender and sustainability. The relative high standing of pigeonpea themes with respect



5

to efficiency, poverty, ger '2r and sustainability is overcome by its very Jow rating on
~ internationality.

If lack of comparability is perceived in these variables, then clarification of this issue may be
attained by checking how the priority sequence shifts when the weights assigned to these ¢riteria
are changed. Thus, the following set of cases was considered:

Set A: Case 1. Zero weight for efficiency
Case 2. Zero weight for sustainability
Case 3. Zero weight for internationality
Case 4. Zero weight for equity

where the composite indices were recalculated with one-at-a-time changes to the weights of the
four criteria. In all of the above cases, the other three factors are given equal weights, Pairwise
comparisons of the implied priorities of the four vriteria show independence, i.e. the priority
ranks with respect to one criteria is not the same as that of the other three; thus, inclusion of all
eriteria in the composite index is meaningful. s

How do the priorities change with changes in the weighing system? Figures 9(a-d) present the
results where a comparison between the research priorities set in the MTP equal-weight
benchmark and those implied when each of the four criteria is given a weight of zero. Tables 2
to 3 contain a list of the themes with rank comparisons between the benchmark and the cases
highlighted in the last two columns.

The correlation between the benchmark and case 1 indices is relatively low ((.77). Refer to the
correlation summary given in Table 11, When the efficiency criterion is given a weight of zero
in the case 1 shmuolation, six themes are observed to drastically shift from high priority to low
priority rank. These themes all have high efficiency indices and are shown as the “outliers” in
Figure 9(a). All six are legume themes: 5 representing chickpea (drought, aschochyta blight,
insect damage, wilt and root rot) and 1 for pigeonpea (genetic yield potential), This observation
suggested a review of the set of technical information available for the chickpea themes. The data
behind these "outlier” themes were re-examined by the legumes program, and the original
judgments on benefit/cost ratios were validated. They relate to themes on which much work has
already been done, so probabilities of success are hig’ and on-going incremental costs are low.
Refer to Figure 5 (¢ and f). Two factors are identified to account for the above abservation.
These are (1) number of scientists required to achieve research objective; hence the cost of
research; and (2) market price, The substantial price differentials among commodities as shown
in Figure 8 account for the higher NBCR valuation for the chickpea themes. Some technical
information documented in Appendix | are valuable in understanding the estimates provided.

Greater congruence is observed by the pairwise comparison between the indices of the benchmark
and cases 2, 3, and 4. High degrees of correlation (with coeffivients equal to .95, .96 and .92,
respectively) are shown in Figure 9(b-d). These results indicate that there are no significant
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changes in the MTP priority rankings when each of the three criteria (sustainability,
internationality and equity) is ignored in computing the composite index.

The four simulations show that the priority sequence shifts substantially only in the case where
zero weight is assigned to efficiency. The assignment of zero weight to each of the three other
criteria did not significantly change the MTP priority rankings.

5. Disoarity between the commodity level priorities set by ICRISAT and those by the
CGIAR

Consideration of the internationality criterion raises questions regarding continuing research
investment on pigeonpea by an international organization, given the fact that pigeonpea is a
commodity primarily grown in India. The difference in the commodity level priorities set by the
Center and by the CGIAR may be examined by considering greater weight to the internationality
criterion. In this case, Case 5, the internationality index ix given a weight three times the weight
for each of the other factors, This idea stems from the fact that ICRISAT is an international
research organization and thus research management must consider the internationality nature of
a commodity as a critical variable in research evaluation.

A complete list of the priorities implied by case 5 with comparisons with the MTP runkings is
given in the last two columns of Table 6.

Analysis based on the magnitudes of the composite index illustr.ies considerable clustering of
themes with near identical composite inlices around the potential cut-off points (mean and mean-
10%). such that although rankings change only a little, there are significant changes in themes
which fall (just) below the cut-off points. Figure 10 illustrates the resaits of this exercise. Also,
refer to Table 7.1(a); and compare Figure 10 (a and b). At the mean level, tripling the weight of
internationality has the effect of moving 2 pearl millet and one chickpea themes above the cut-off
at the expense of 4 pigeonpea themes which drop out. This is an important information for
research management in deciding cases around the cut-off point.

Let us examine the implication of the above exercise on pigeonpea. First, note that the relative
advantage of pigeonpea over pearl millet in the berchmark case can be accounted for by recalling
the information contained in Figures 5 to 7. The Ariving variables are the same variables that
drive the chickpea index, namely: (1) number of scientists required (hence the costs: average of
.22 million dollars for pigeonpea versus .52 million dollars for millets): and (2) the market price
($478/ton for pigeonpea versus $114/ton for pearl millet). By giving more importance to the
internationality criterion, the composite index corresponding to all pigeonpea themes declined as
expected. As a consequence, 4 additional pigeonpea themes are to be dropped if a budget
equivalent to the MTP mean resource envelope is provided.

The analysis presented so far gives indications of the priority shifts that occur at the low end of
the priority spectrum. It brings to the fore the importance of assuring consistency and
comparability in the generation of data,
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6. Implication of alternative research envelopes: A comparison of the priority
benchmark with alternative scenarios

Aside from the cases already considered, two sets of simulations were further undertaken, These
are:

Set B, Four cases where each factor is given twice the weight of the other three factors, ie.

Case 6: Internationality index given twice the weight of other factors
Case 7: Sustainability index given twice the weight of other factors
Case 8: Efficiency index given twice the weight of other factors
Case O: Equity index given twice the weight of other factors

Set C. Four cases where each criteria is given one half the weight of the other three factors, i.e.

Case 1 Internationality index given one half the
weight of other factors
Case 11: Sustainability index given one half the weight of other factors
Case 12: Equity index given one half the weight of other factors
Case 13: Efficiency index given one half the weight of other factors

The above weighing changes are much less drastic than those used in Cases 1 to0 5.

Of significant interest to research management is the set of research themes which are potentially
at risk under the various scenarios in consideration. Table 7.2 presents a summary of results for
all simulations containing the list of themes that fall below two budget “cut-off” margins, namely:
a) mean resource envelope; and b) mean minus 1%,

Another summary table, Table &, gives the number of research themes that drops out given the
two alternative funding situations. For example, given the mean resource envelope, a total of 11
to 14 themes drops out under the thirteen cases considered. To illustrate the information
contained in the summary table, Table 7.2a for the mean resource envelope situation (columns
4 and 5), 7 themes are common in the benchmark and case 1 situations, Five themes (1 PM, 2
PP, 2 RMP) move above the cutoff margin as a result of assigning a weight of zero to the
efficiency index. Meanwhile, 6 themes (1 GN, 2 CP, 3 RMP) drop out of the priority list.

Between the benchmark and case 5 sitvations, 9 themes are common. Two pear]l millet and one
chickpen theme move up the priority list while four pigeonpea themes drop out.

A summary of the research cost involved is given in Tables 9 and 10. Table 9 indicates the
expected gains and losses of each program as a result of following the various scenarios.
Referring to column 2 of Table 9(a), the Legumes Program expects to gain $.44 million dollars
for 2 pigeonpea themes (water logging and podfly) but loses $.36 million dollars for 2 chivkpea
themes (aschochyta blight and wilt) and 1 groundnut theme (adaprability). The Cereals Program
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gains .3 million dollars for one theme (head caterpillars). The RMP Program gains .31 million
dollars for two themes (seed distribution and institutional and human resources) but loses .51
million for three other themes (characterization of envirenment, farmer’s preferences and research
impaet}.

Table 9 (4 and b) illustrates the budget implications following the case 5 scenario. It features the
significant gain of pearl millet and chickpea research ($.59 and $.19 million, respectively) at the
cost of research on pigeonpea ($.64 million),

For Case 7 at the mean resource envelope, doubling the weight for sustainability criterion brings
one sorghum research theme {drought-SG) out of funding in favor of two pigeonpea (water
logging and podfiy). This involves a gain of $.44 million for water logging and podfly research
in pigeonpen at the cost of $.85 million for drought-SG research.

Overall, a significant degree of congruence is observed between the priority indices for the
benchmark and the various scenarfos, This is shown in Table 11, which contains the correlation
coefficient for all cases. The extent to which priority shifts occur within the critical band is
determined from the correlations computed for the themes falling around the critical margin, eg.
those themes with rank greater than 62 or those ranks between 62 and ¥3. A significant decline
in the correlation is noted in the former group; and a more drastic decline in the latter group.

The above information regarding tradeoffs under the different scenarios provides research
management a basis “or resolving the issue regarding the difference perceived between the
commodity level priorities set by ICRISAT and by the CGIAR.



Figure 1. Data File Structure for ICRISAT’s Research Portfclio
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Figure 2. Cumulative cost vs Composite index
- (based on benchmark - for all themes)
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i Figure 5.
Averages of efficiency parameters, by commodity groups/research units
for 92 themes of the ICRISAT MTP 1994-98
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Figure 7.
Averages of research evaluation criterion grouped by
commodity/research units : ICRISAT MTP 1994-98
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Figure 8.
Prices of ICRISAT crops
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8 7.t Drop out

+hamas at mean rasource envelope (27.5 m.8) for various simulations
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Tabla %a. ‘% search cost {mas) of themes that move up the prionly list
undar the mean resourca snvelepe iLanc:hmark vs, different cases)

Ei=0 EL"5 EL'2 Su.=0 au’s Su."2 In=0In“5 in."2 In."3 Eq,.. Eq'5En’2
C3Se CASP CAaSe ©ase Case Case case case cage Case Case case case
Cemmuodily i 13 8 2 11 7 3 10 6 & 4 12 8

-

Scrghum 0.25

P. Millgt 0.20 0.0 030 0.50 0.20 058 030 0.20
Pigeorpea 044 014 030 044 044 0.44 D.44
Chickpea 0.18 0.23 0.18

RiviP 0.31

Groungru!

Total 105 044 N30 124 0230 044 117 044 030 0.78 0.230 0.20 0.44

o~

Tatle ¢b. Research cost {m.§) of themes the! are dropped the pricnty list
uncer the maon rescurce envelope (benchmark vs, different cases)
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Total 0.87 021 C16 1.0 020 '0.85 1.38 045 0.20 0.64 0.14 0.21 248
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