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Abstract

The study conduced on South Asian countries is focused on three issues, viz. (a) research prioritiesin
agriculture, (b) level of research investment, and (c) focus of research investmentsto attain food-secured
South Asia. The results of this empirical exercise have suggested that (a) cereals, horticulture, livestock
and fisheriesin commaodity groups and rice and milk as commodities should receive greater attention in
resource alocation at South Asialevel with certain minor variations acrossthe countries, (b) prioritization
exercisesneed to explicitly target poor as otherwisetheir needswill continueto remain under-funded, and
at least 2-3timesincrease (if theAgGDPgrowth isassumed at 2.1%) and 3-4 timesincrease (if theAgGDP
growth is assumed at 4%) is needed in funding support to these countries in agricultural research and

education to attain food and nutritional security.

Introduction

The counties of South Asia have benefited
significantly from investment in agricultural research.
Thegreenrevolution during 1960sand 1970s consisting
of useof high-yielding crop verities, fertilizers, irrigation
and plant protection measuresincreased production of
major agricultural commodities such as foodgrains,
vegetables, fruits, milk, eggsand fish several fold. Asa
result, the per capita availability of important food
commodities has increased substantially, despite
increase in population. The increase in domestic
agricultural production has also made avisibleimpact
on the national food and nutritional security. However,
poverty and malnutrition still continue to afflict more
than one-fifth of South Asian population.

South Asian agriculture has dominance of small
and marginal farmers. Theratio of agricultural land to
agricultural populationisabout 0.38 ha/personin South
Asiaascompared to over 11 ha/personin the devel oped
countries. With aglobal share of 6.3 per cent land, and
25 per cent population, the per capita availability of
resourcesis4-6 timeslessin South Asiathan theworld
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average. The pressure on land and water is rising
further with diversion of agricultural land and water
towards industrial, urban and other non-agricultural
uses. Further, impact of environmental degradation on
agriculture is getting severe in some regions and
situations. Total factor productivity in agriculture, which
brings sustainable growth, is either rising very slowly
or has ceased to increase. While supply side pictureis
marred with several challenges, demand for food is
rising rapidly due to unchecked growth in population
and rise in income levels. The increase in food
production to meet the requirement hasto be achieved
from thelimited, diminishing and degrading resources.

The counties of South Asia have benefited
significantly from investment in agricultural research
in the past. However, all over the globe including
countries in South Asia, the public resources in
agricultural research are becoming inadequate in
meeting the expanding research obj ectivesand complex
agenda for agricultural research. Though investment
intensity of research rose from 0.20 per cent during
early-1960sto about 0.50 per cent in 2008, thisremains
a way below the average for all the developing
countries. Since most of the agricultural R& D isinthe
public domain, it is necessary that each research dollar
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is spent efficiently. Thus, thereis a need to optimally
allocate the available scarce resources.

Several research prioritization studies were made
in India, mostly using modified congruence approach
providing normative-relativeresearch prioritiesinterms
of regions (statesin India) and individual commodities/
commodity groups (Jhaet al., 1995; Mruthyunjaya et
al., 2003; Jha and Kumar, 2006). The efforts of
APAARI (Asia Pacific Association of Agricultural
Research Ingtitutions) for countriesin AsiaPacific are
alsosignificant inidentifying research prioritiesusing
guantitative and consultative approachesinitially and
guantitative approach lately (APAARI, 1996; 2002;
2005). In the case of India, Jha and Kumar (2006)
gpart from identifying commodity and regiond priorities,
have identified recent resource-orientation priorities
also.

Numerous studies have shown that investmentsin
agricultural research along with investments in
infrastructure and education help in increasing food
supply and meeting the objectives of food and nutritional
security and poverty reduction. The obviousissuesin
this context areidentification of (a) research priorities
inagriculture, (b) level of research investment, and (c)
focus of investments to attain specific goals. These
issues have been examined in this paper by identifying
research priorities with a focus on food security for
each country in South Asia by using the quantitative
approach.

M ethodology

Studies on research priority setting are generally
carried out using fivemethods, singly or in combination.
These are: congruence (weighted criteria) model,
economic surplus model/ benefit-cost analysis,
mathematical programming, econometric models and
simulation model. The scoring model can dso be applied
at micro-level for prioritization of research projects.
The choice of themodel isguided by thelevel of priority
setting (macro or micro) and availability of data,
analytical skills and resources. The present study
followed the modified congruence model because of
the ease of its application, time and data constraints.
The con-gruence model allocates research resources
inproportiontotherelativevaue of production by region
or commodity. It implicitly assumesthat opportunities
for research are equal across commodities, and that
the research benefits are proportional to the value of

output. Theanalysisisbased on the present valuesand
assumes constancy of relative shares. Theserestrictive
assumptionsimply that results of thisexercise provide
only a sound starting point in rationalizing research
resource allocation. The Indian agricultural research
system (Jhaet al., 1995; APAARI, 2002; Mruthyunjaya
et al., 2003) also followed this approach because of its
simplicity, transparency and flexibility.

Identification of Goals, Research Objectives and
Extensity Parameters

For prioritization analysis, the goals normally
emphasized in the national documents of the
governments, namely growth, equity, sustainability (of
the resources) and export are taken. They help in the
identification of research objectives. Theidentification
of research objectives and their extensity parameters
(indicators) and weights for the construction of initial
baseline (IBL) is the most crucial step in the priority
setting exercise. In the construction of IBL, only
extensity parameters are taken as these reflect that
the size of problem to be addressed by the research
system is large. The selected research objectives and
their extensity parametersalong with weightsare given
in Table 1. Prioritization of commaodities and regions
(countries) involved calculation of an initial baseline
matrix consisting of the value of output from different
commodities in different countries. A composite
baseline was then devel oped using the value of output
(efficiency), number of poor people (equity), and arable
land (sustainability) indicators, and export (agricultural
export earning) using equal weights for these four
parameters. A comprehensive data set was compiled
for each country, covering alarge number of variables.
The data are centred on the year 2005. These were
obtai ned from various published sources.

Extensity Parameters

1. Value of output (VOP) (current value of 17
commoadities’commaodity groups, projected for the
years 2010, 2015 and 2025): The priorities were
defined to meet the future demands of
commodities with 3.5 per cent per capita GDP
growth rate and the accompanying dietary
changes.

2. Poverty: Number of people below the national
poverty linein each country.

3. Sustainability: Land area (arable land and
forests) in each country.



Kumar et al. : Food Security, Research Priorities and Resource Allocation in South Asia 211

Tablel. IBL - based goals, objectivesand extensity parameter sof agricultural research systemin SouthAsia

S| God Research objective Extensity parameter Weight

No. (%)

1 Growth acceleration Increase in productivity Value of production )

2 Equity Increasein income of people Number of people below 3]
below poverty line poverty line

3 Sustainability of production Sustainable use of natural Arableland 3]
resources

4, Improvement in balance Proportion of export Agricultural export earning 3]

of payment
4. Export: Agricultural export earning of each  considered owing to lack of availability of prior

country.

Construction of Initial Baseline (IBL)

Theinitial baselineistheweighted sum of extensity
parameters and is constructed by country. The
construction of initial baseline can beillustrated by the
following steps:

(i) Compute percentage distribution of each extensity
parameter (P;):

sz:[A”/ZA”jxloo;i:J, .......... Nj=1......k
i=1

where, A; isvalue of jth extensity parameter in theith
country, nisthe number of countriesand k isthe number
of extensity parameters.

(i) Assign weight (Wj) to each extensity parameter.
(i) Computeinitia baselinefor individua country (B):

where, B; is the baseline for the ith state, W, is the
weight for the j'" extensity parameter.

Thesum of initial baseline over the country is100
and therefore, initial baseline showstheinitial relative
prioritiesby country. Thismeansthat availableresearch
resources may beallocated among the states according
totheir relativepriorities.

Value of production (VOP) reflects the research
objective of increasein productivity. The VOP can be
adjusted by supply side factors like probability of
research success, expected level of adoption of
research, research spill over, etc. But, these were not

information. TheVOP unadjusted to supply sidefactors
means assuming equal probability of research success
and equal or no spill over effects across countries and
commodities.

The extensity parameter and number of people
below poverty line were selected to further strengthen
research activities in the area where the number of
poor people was comparatively high. This helped in
reducing interpersonal and interregional disparitiesin
the country. Agricultural production can be sustained
through conservation of natural resources, particularly
land and water. Land area was selected as one of the
extensity parameters and land area comprised arable
lands. Agricultural exportsimprove balance of payments
situation and hence all governmentsintend to enhance
exports and was thus included as a research objective
and agricultural export earnings as an extensity
parameter. Table 2 presentsthe per cent distribution of
VOP, poverty (poor), sustainability (land) and exports
by country in South Asia.

The constructed IBL with different objectivesfor
South Asian countries is given in Table 3. It can be
seen from the objective of VOP, poor, land, export
enhancement and their sum that the top 3 priority
countries are India, Pakistan and Bangal desh.

Modification of Initial Base Line: Selection of
Modifiers

The initial base line does not fully consider the
intensity dimensionsof growth, equity and sustainability,
and, therefore, appropriate intensity parameters or
modifiersare used for modifying the baseline. Theidea
isthat ahigher priority should be given to that country
whereintensity of the problemissevere. For example,
the country with high groundwater expl oitation should
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Table2. Per cent digtribution of valueof output (VOP), poverty (poor), sustainability (land) and exports(EXPO) by country
in South Asia
God Bangladesh Bhutan India Nepal Pakistan Sri Lanka South Asia
VOP 723 0.06 7550 171 1445 106 100
Poor 1455 005 7196 0.09 1201 135 100
Land 416 007 82H 123 11.09 051 100
EXPO 6.47 021 7643 067 1151 471 100
Table3. Initial baseline (I BL) with different objectives
Objectives Bangladesh Bhutan India Nepal Pakistan Sri Lanka
VOP 723 0.06 7550 171 1445 106
VOP and Poverty 1089 005 7373 0.90 1323 120
VOP, Poverty & Sustainability 864 0.06 76.80 101 1252 097
All objectives (FVOP) 810 0.10 76.71 092 1226 191
Ratio of FVOP/VOP 112 14 102 054 0.85 180

beaccorded ahigh priority. Here, the direction of impact
of modifier is positive. On the contrary, the country
with low per capita income (indicating intensity of
inequality) should be accorded a high priority. In this
case, the direction of impact is negative. Thus, the
selection of modifiers becomes highly crucial at this
stage. Having selected the modifiers, the next step is
to decide the weight to be attached to each modifier
while quantifying itsimpact on theinitial baseline. The
sign of themodifiers should be appropriatel y considered
to target the impact of the modifier in the desired
direction while modifying the initial baseline. The
following stepisinvolved in quantifying theimpact of
modifiers:

Impact of modifiers (C;) = [1+{M;; /Max (M;)} x W] B,

where, M;; denotes data for the jth modifier for the jth
country, Max (M;;) denotes the maximum value of the
™ modifier, and W; isthe weight for the j™ modifier.

Modifiers may have positive as well as negative
impact oninitial baseline. Theaboveformulaholdstrue
for themodifiers having positiveimpact. In the case of
modifierscarrying anegative sign, thedirection hasto
be reversed. This is done by subtracting the
standardized value of modifier [(M;; /Max (M;)] from
1 and then multiplying by weight and the initial base
line. Theimpact of each modifier is aggregated to get
thetotal impact of al themodifiers. Using thisaggregate
impact, the initial baseline is modified by using the
following stepsto get thefinal baseline:

[3
Adjusted baseline(D;) =B, +>_C,
i=1

New priority distribution or final baseline (E)) =

(Di /Zn:Di)xlOO
i=1

Severa modifierswereinitially considered. Finally,
based on the appropriateness arrived through review
of literature and collective judgment, 6 modifierswere
chosen for the study. Correlation studies among these
modifiers indicated no duplication. The intensity
parameters selected as modifiers were:

1. Growth potentia: Irrigation (%) in each country
2. Water withdrawal per capita (m3/inhab/year)

3. Population density (population per sq km)

4. Forest land (% of total land)

5. Averagesize of holding (ha)

6. Scientists(per million population) ineach country

To take these into account, the composite initial
baselinewasmodified by using intensity parametersor
modifiers. After careful screening of the modifiers,
impact as well as multi-collinearity, modifiers,
representing growth potential (irrigation), equity (size
of holding), sustainability (water withdrawal, population
density, forest land), research and extension system
capacity (number of scientists per million population)
were used.
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Irrigation isone of the mgjor inputsfor enhancing
agricultural productivity and hence was used as a
modifier to enhance productivity. Water withdrawal per
capitaisincreasing for different uses and contributes
to unsustainabl e use and hence was used asamodifier.
Increasing popul ation density again contributestowards
unsustainable natural resource use and was retained
as a modifier. One more modifier used to reflect
sustainable use of resources was area under forest.
Toreflect equity, farm sizewas used asamodifier asit
determines the income earning potential of a farmer.
One of the modifiers used to achieve the objective of
adequate man-power to attain the goal of research
system capacity wasthe number of qualified agricultural
scientists per million population. Equal weights (25%)
were assigned to for each of these modifiers [equal
weight (8.33%) to sub-modifiers under sustainability
goal]. The parametersfor prioritization and weighting
schemes were decided on the basis of information
provided by the NARS. Details regarding these
variables, their direction and weights are provided in
Table 4.

Personal judgement was used to identify and
specify the objectives, extensity and intensity (modifier)
parameters and weighting schemes and to arrive at
modified baseline (MBL) whichincorporated multiple
objectives (Table 5). The modifier effect was positive
and high for Bangladesh (1.40) and India (1.48). This
effect wasnegligiblefor small economies, viz. Bhutan,
Nepal and Sri Lanka. However, the effect was negative
for Pakistan (-3.07). The Priority Index (ratio of MBL

and VOP) suggests that Bhutan, Sri Lanka and
Bangladesh need higher resource allocations to meet
the objectives of their development.

Growth in Research Investment

It was calculated as follows:

TFP=1(R)
TFP=E["R
S=g(TFP)
S=Ej.-TFP
or
S=E.-EF'R

or
LI:I{ I‘
(E:L p Elltl.la)
R=E"/S
R,=(1+R)"-§
where,
R = Research investment
S = Supply of commodity
g = Growthinsupply of commodity
TFP = Totd factor productivity
TFp = GrowthinTFP

Table4. FBL-based goals, objectivesand modifier sfor agricultural research systemin South Asia

Gods Research objectives Country modifiers Direction Weight
(%)
1. Growth acceleration Increase in productivity Irrigated area Negative )
(% of total crop area)
2. Sustainability Sustainable use of Water withdrawal Positive 833
of production natural resource base per capita (m?/inhab/yr)
Population density Positive 833
(population per sq km)
Forest land Negative 833
(% of total land)
3. Equity Increaseinincome of small farmers Averagefarmsize (ha) Negative )
4. Research system Balanced devel opment Number of agricultural Negative )
capacity of research system scientists per million
infrastructure population
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Tableb. Final basdlineand impact of extensity and modifier son South Asian countries

Baseline Bangladesh Bhutan India Nepal Pakistan Sri Lanka
VOP 723 006 7550 171 1445 106
Find VOP(FVOP) 810 0.10 76.71 092 1226 191
Modified baseline (MBL) 950 013 7819 103 9.19 196
Priority Index (MBL/VOP) 1314 2071 1036 0.606 0.636 1850
Modifier effect 140 003 148 o1 -3.07 005

V OP: Per cent share of grossoutput in South Asiaat 1999-2001 measured in US$

E;,., = Elasticity of commodity supply with respect

to TFP

Elasticity of TFP with respect to research

Elasticity of research investment with respect

to commodity supply at averagefood demand
growth

Required growth in research investment to
attain one per cent growth in food supply

Research investment in the year ‘t’

corresponding to required supply to meet
demand.

Trends in Food Demand

In order to capture the effects of changes in the
demand on commaodity priorities, VOP of acommodity
has to be adjusted with the expected growth in its
demand in the country. Since research and extension
lag is about 8-11 years, the growth had to be
extrapolated to 2015 and 2025. Thisadjustment in VOP
impliesthat commaoditieswith higher expected growth
inthe demand should get high priority. Thefood demand
was estimated based on food characteristics demand
system (FCDS) following Bouis and Haddad (1992)
and using consumption datafrom FAO.

In South Asia, while cereals remain important
constituents of food basket, high-value foods such as
fruits, vegetables, milk, meat, eggs and fish are rising
inimportance. Trendsin food consumption pattern over
the past two decades suggest changesin thecomposition
of thefood basket from coarse grainsto superior grains
(rice and wheat), and from grains to livestock and
horticultural products. Thishassignificant implications
for future food demand, research priority setting, and
resource allocation to achieve food and nutritional
security.

Tables 6 and 7 present the projected food demand
and annual growth in South Asian countries for the
years 2015 and 2025. It isevident that by 2025, foodgrain
demand will be of 339 million tonnes, comprising 147
milliontonnesrice, 122 million tonneswheet, 46 million
tonnes coarse grains and 24 million tonnes pulses. By
the year 2025, South Asiawill need 13 million tonnes
roots and tubers (in dry equivalent), 17 million tonnes
edibleoils, 144 million tonnes vegetables, 103 million
tonnesfruits, 47 million tonnes sweeteners, 205 million
tonnes milk, 15 million tonnes meat, 4.8 million tonnes
eggs, and 16 million tonnes fish to meet its domestic
demand. High growth in livestock products’ demand
will put apressure on foodgrains and oilcakes to meet
the feed demand for livestock. Fast growth of income
will diversify the dietary pattern in favour of non-
foodgrain crops, livestock and fisheries products.

The per capitaavailability of arable land in South
Asia is quite low and is declining over time.
Diversification towards these high-value commaodities,
which are labour-intensive, can also provide adequate
income and employment to the agricultural labourers
and small farmerswho dominatethe agriculturein these
countries. Itisimportant to make significant effortsto
increase yield per unit of inputs using science, by
accelerating TFP, as the required yield targets would
be quite challenging to attain nationa food and household
nutritional security in South Asia. The growth in food
demand suggests that (i) these countries will have to
produce not only additional food but also diversify food
production towards products of higher nutritional value,
(ii) the targets to be achieved are quite challenging,
and (i) the research system hasto proactively respond
through structural and functional changes. Research
priorities have to be worked out keeping in view these
trends in demand. To address such a challenge, the
goals and objectives of the research system should be
changed and the priorities so identified should contribute
to achieve those goals.
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Table6. Projected demand for food in SouthAsia
(Thousand tonnes)

Commodity Year Bangladesh India Nepal Pakistan Sri Lanka South Asia
Rice 2005 22651 87460 3059 2981 2001 118151
2015 25808 98107 3793 3751 2172 133631
2025 28958 106575 4552 4552 234 146991
Wheat 2005 2846 68044 1209 24433 910 97441
2015 3278 74753 1471 30125 9% 110623
2025 3710 79863 1738 35968 1087 122367
Coarsecereals 2005 215 3271 1742 2304 87 38619
2015 243 37331 2106 2821 R 4254
2025 271 39612 2477 3349 O 45809
Pulses 2005 606 15129 224 1472 161 17592
2015 719 17864 283 189% 185 20052
2025 833 20221 36 2343 210 23963
Edibleoils 2005 672 9558 140 1911 63 12319
2015 4 11191 178 2459 7 14699
2025 916 12582 218 3039 & 16840
Sweeteners 2005 1257 2834 155 5022 52 35359
2015 1469 32721 195 6381 664 41436
2025 1683 363% 2% 7803 740 46857
Roots & tubers 2005 579 7350 274 555 129
2015 639 8918 K4 24 1 10839
2025 801 10316 439 A 17 12639
Vegetables 2005 1817 78166 1814 6567 815 89180
2015 2235 102182 2454 8907 1043 116821
2025 2666 125482 3156 11478 1289 144071
Fruits 2005 1503 52188 557 7432 A6 62627
2015 1839 68660 765 10283 1165 82763
2025 2293 84750 9% 13466 1397 102901
Milk 20065 2395 83922 1423 34160 835 127784
2015 2977 114108 1934 463% 1118 166532
2025 3581 138059 2493 59851 1369 205359
Meat 2005 459 54N 302 2248 112 8615
2015 589 7536 424 30A 147 11790
2025 727 %619 562 4033 185 15127
Eggs 2005 19%5 2068 3 410 57} 2758
2015 20 2837 43 566 7 3766
2025 309 3622 57 736 8 4812
Fish 2005 1555 7234 3 514 4% 9831
2015 1995 9923 46 707 649 13320
2025 2462 12666 61 o2 817 16928

Source: Kumar et al. (2007)
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Table7. Projected growth in demand for food in South Asia

(in per cent)
Commodity Year Bangladesh India Nepal Pakistan SriLanka  South Asia
Rice 2005-15 131 116 217 232 082 124
201525 116 083 184 19% 081 0.96
Wheat 2005-15 142 0H 198 212 091 128
201525 125 066 168 179 0.88 101
Coarse cereds 2005-15 123 0.86 192 205 056 098
201525 110 059 164 173 0.74 0.73
Pulses 2005-15 172 168 254 256 140 176
2015-25 148 125 214 214 128 135
Edibleoils 2005-15 168 159 243 255 125 176
201525 144 118 205 214 11 137
Sweeteners 2005-15 157 145 232 242 115 160
2015-25 137 107 193 203 109 124
Roots & tubers 2005-15 175 195 259 269 17 200
2015-25 152 147 218 225 152 155
Vegetables 2005-15 209 272 307 309 250 274
2015-25 178 208 255 257 214 212
Fruits 2005-15 231 278 32 330 210 283
2015-25 19 213 266 273 183 220
Plantation & 2005-15 175 195 259 269 17 200
other crops 201525 152 147 218 225 152 155
Milk 2005-15 220 253 312 3 2.36 268
2015-25 186 192 259 258 205 212
Meat 2005-15 253 321 345 325 2.76 319
2015-25 213 247 2.86 269 233 252
Eggs 2005-15 252 321 333 326 277 316
201525 214 247 2.86 268 229 248
Fish 2005-15 252 321 338 324 273 308
2015-25 213 247 2.86 269 233 243

Source: Computed from Table 6

Country and Commodity Priorities

Themodified congruence model givesprioritiesby
commoditiesand countries (Table 8 and Table9). This
priority matrix can beusedto arrive at different priority
dimensions, such as country priorities (sum over
commodities by countries), commodity priorities (sum
over countries by commaodity) or commaodity group
priorities for the region (sum over commodities and
countries). In this exercise, country priorities, and
commodity prioritieswithin and across countries have

been discussed. For the benefit of national programs,
commodity prioritiesby countrieswill be helpful. The
‘priority score’ isthe share of a commodity/group or
country (in per cent), and, higher the priority score,
higher isthe priority. The national systems can usethe
priority matrix for allocation of resources across
commodities. Fund facilitators can also usethe priority
matrix to track priority country and commodity or vice
versa. Since identification of research priorities was
the major objective of this exercise, we have focused
on country and commaodity priorities.
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Table8. Priority scoreof commodity groupsby country in South Asian countries

Commodity Year Bangladesh India Nepal Pakistan Sri Lanka South Asia
Rice 2005 459 141 194 48 21 176
2015 437 129 184 46 202 162
2025 418 119 17.7 44 188 151
Wheat 2005 21 86 72 125 00 75
2015 20 7.7 6.7 116 00 6.8
2025 19 70 6.3 10 00 6.2
Coarse cereals 2005 0.7 33 100 25 04 28
2015 0.7 29 92 23 03 25
2025 06 26 87 22 03 23
Ceredls 2005 487 259 36.6 198 25 278
2015 46.3 234 44 185 205 254
2025 44 215 327 175 191 236
Pulses 2005 12 40 23 13 03 32
2015 12 38 23 12 03 31
2025 12 37 23 12 03 30
Edibleoils 2005 14 97 20 6.8 119 87
2015 14 9.2 20 6.6 13 83
2025 14 89 19 64 109 79
Sweeteners 2005 13 37 15 40 0.7 32
2015 12 34 15 38 06 30
2025 12 33 14 37 06 29
Roots & tubers 2005 45 25 93 10 34 28
2015 44 25 92 10 34 27
2025 44 25 91 10 34 27
Vegetables 2005 38 86 126 15 6.9 75
2015 39 91 131 15 74 79
2025 40 96 135 16 79 82
Fruits 2005 25 89 43 52 18 7.3
2015 26 95 45 54 18 78
2025 27 100 47 56 19 82
Plantation 2005 23 6.8 13 56 Al 83
crops 2015 23 6.7 12 55 A2 81
2025 23 6.6 12 55 A2 80
Horticulture 2005 131 268 215 133 46.2 258
2015 133 279 281 135 469 266
2025 134 287 285 136 473 212
Milk 2005 53 183 149 3H7 19 168
2015 55 192 156 36.6 20 177
2025 56 198 160 372 21 184
Meat 2005 57 40 129 155 6.6 53
2015 6.1 45 138 161 73 58
2025 64 49 146 165 79 6.3
Eggs 2005 13 12 10 13 15 12
2015 14 14 10 13 17 14
2025 15 15 11 14 18 15
Livestock 2005 1226 2360 2879 5248 1004 2344
2015 1296 2505 3045 5397 1101 2501
2025 1352 2619 3180 5512 11.82 26.29
Fish 2005 205 6.38 126 237 841 7.89
2015 2362 713 135 246 9.26 863
2025 24.90 7.76 143 253 1000 9.25

Note: Adjusted value of output product was obtained for the year 2005 after taking into account extensity and intensity
parameters, as explained in methodology. The adjusted VVOP has been projected for the years 2015 and 2025
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Table9. Priority scoreof commodity groupsacross South Asian countries

(in per cent)
Commodity Year Bangladesh India Nepal Pakistan Sri Lanka
Rice 2005 2.1 588 08 19 95
2015 204 585 08 21 91
2025 300 578 09 23 90
Wheat 2005 31 84.7 0.7 116 00
2015 32 833 0.7 128 00
2025 33 818 08 140 00
Coarsecereals 2005 28 875 25 6.3 10
2015 29 865 27 70 09
2025 30 854 30 7.7 09
Cereds 2005 195 68.6 09 49 6.1
2015 198 679 10 54 59
2025 203 66.8 11 59 59
Pulses 2005 43 916 05 27 08
2015 43 914 05 30 08
2025 44 91.0 06 32 08
Edibleoils 2005 18 822 02 54 104
2015 18 81 02 59 100
2025 19 816 02 65 99
Sweeteners 2005 44 85.0 03 86 16
2015 44 8.3 04 94 15
2025 45 834 04 102 15
Roots & tubers 2005 180 67.7 23 25 94
2015 177 67.8 25 27 92
2025 177 675 26 29 92
Vegetables 2005 5.7 847 12 14 70
2015 54 85.0 12 15 69
2025 52 85.0 13 15 69
Fruits 2005 38 8.1 04 49 18
2015 36 8.1 04 52 17
2025 35 839 04 55 17
Plantation 2005 32 60.8 01 47 313
crops 2015 31 609 01 51 308
2025 31 605 01 54 308
Horticulture 2006 57 765 0.7 36 136
2015 54 711 08 38 129
2025 53 772 08 40 126
Milk 2005 35 804 06 147 09
2015 34 79.7 06 154 08
2025 33 789 0.7 16.3 08
Meat 2005 120 565 17 203 95
2015 114 57.1 17 206 92
2025 110 57.1 18 210 91
Eggs 2005 115 717 05 70 92
2015 109 725 06 71 89
2025 106 727 06 73 88
Livestock 2005 56 739 0.7 16.3 34
2015 54 728 0.7 16.8 34
2025 53 716 08 174 34
Fisheries 2005 300 59.3 01 22 85
2015 284 60.0 01 22 82
2025 276 60.3 01 23 81
All commodities 2006 10.7 733 06 73 80
2015 104 727 06 78 76
2025 102 718 06 83 75
Priority ratio (FBL/VOP) 2005 13 10 06 06 19

R&D alocation 2002 64 792 15 100 30
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Table 10. Shift in priority ratioamong commodity groupsin South Asia

Commodity Year Bangladesh India Nepal Pakistan SriLanka  South Asia
Rice 2006 100 100 100 100 100 100
2015 095 091 095 095 091 092
2025 091 085 091 091 0.85 0.86
Wheat 2006 100 100 100 100 100 100
2015 0.96 090 093 093 091 091
2025 093 082 0.88 0.88 084 082
Coarse cereals 2006 100 100 100 100 100 100
2015 0 0.89 093 092 0.89 090
2025 090 0.80 0.87 0.86 0.82 0.82
Ceredls 2006 100 100 100 100 1.00 100
2015 095 090 0 093 091 091
2025 091 083 0.89 0.88 085 0.85
Pulses 2006 100 100 100 100 100 100
2015 099 096 099 097 097 0.96
2025 0.98 093 097 095 04 093
Ediblecils 2005 100 100 100 100 100 100
2015 099 095 097 097 095 0.96
2025 097 091 095 095 091 092
Sweeteners 2006 100 100 100 100 100 100
2015 0.98 0 096 0.96 04 095
2025 095 0.89 093 092 0.90 0.90
Roots & tubers 2005 100 100 100 100 100 100
2015 099 099 099 0.98 100 099
2025 099 098 0.98 097 1.00 097
Vegetables 2006 100 100 100 100 100 100
2015 103 107 104 102 108 106
2025 105 112 106 104 114 110
Fruits 2005 100 100 100 100 100 100
2015 105 107 106 104 104 107
2025 109 113 109 108 107 112
Plantation 2006 100 100 100 100 100 100
crops 2015 0929 099 09 098 100 09
2025 099 098 0.98 097 100 097
Horticulture 2006 100 100 100 100 100 100
2015 101 104 102 101 102 103
2025 102 107 14 102 102 106
Milk 2006 100 100 100 100 100 100
2015 104 106 14 102 106 106
2025 107 108 107 104 112 109
M eat 2006 100 100 100 100 100 100
2015 107 112 108 104 110 110
2025 113 122 114 107 119 120
Eggs 2006 100 100 100 100 100 100
2015 107 112 106 104 111 110
2025 113 122 112 107 119 119
Livestock 2006 100 100 100 100 100 100
2015 106 106 106 103 110 107
2025 110 111 110 105 118 112
Fishries 2006 100 100 100 100 100 100
2015 107 112 107 104 110 109

2025 113 122 113 107 119 117
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With the objectives of increasing productivity
(VOP), increase in income of small farmers (poor),
sustainable use of natural resources (land) and
contribution to more exports (exports), independently
and together, the top 3 priority countries are India,
Pakisthan and Bangladesh. The commodity priority
scores (by country) and commaodity groups are given
in Tables 8, 9 and 10. It can be seen from these Tables
that the priority commodity groupsin South Asiawere:
cereals, horticulture, livestock and fishery and the
priority commoditieswere: riceand milk.

In the case of countries in the region, cereals
topped the priority list in Bangaldesh and Nepal,
horticulture topped the priority list in India and Sri
Lanka, and livestock in Pakistan. In case of individua
commodities, rice topped the list in Bangladesh, and
Nepal, milk in Indiaand Pakistan and plantation crops
in Sri Lanka. The other important commodity/ies in
different countries included rice in India, milk, mesat
and vegetables, in Nepd, riceand ediblecilsin Sri Lanka
and meat and wheat in Pakistan. By and large, these
priorities will continue up to 2025, with noticeable
increasein priority for horticulture, livestock and fishery
in both South Asia as well as countries in the region
withthe passage of time, 2015 and 2025. Shiftin priority
ratios by adjustment of VOP on the basis of growth in
demand as stated earlier during 2015 and 2025 by
commoditiesin different countriesand SouthAsiaasa
whole suggested augmentation of research resources
towards vegetables, fruits, milk, meat, eggs, and fish
(Table 11). These priorities need to be kept in view
while deciding the research agenda and research
resource allocation and other needed devel opment
support. It isimportant to mention herethat theseresults
on commaodity priorities are only indicative in nature

and more degree of scientific judgement needs to be
applied to capture other relevant external factors and
opportunities (including chances of research success)
in setting research prioritiesat themicro level (research
programs and projects).

Shift in Research Resources

An exercise was done to compare the existing
resource allocation among commaodity groupswith the
optimum level as per theidentified priority scoreusing
the methodology described to find out the mismatch
and needed changes. The existing level of resource
allocation for South Asian countries was taken from
ASTI datasets at www.asti.cgiar.org. The current
research allocation information was not available for
cerealsand horticulturein Sri Lanka. The optimal and
existing research allocations, presented in Tables 12
and 13, revedled that in case of cereals, the existing
research allocations were less than optimal in
Bangladesh and morethan optimal in India, Nepal and
Pakistan. In case of horticulture, it was more than
optimal in Bangladesh, India, and Pakistan, whereasit
was lessthan optimal in Nepal. In case of livestock, it
waslessthan optimal inall countries, except Sri Lanka.
In case of fishery, it was less than optimal in case of
Bangladesh, India, and Sri Lanka, whereas in case of
Nepal and Pakistan, it was more than optimal. How
resources areto be shifted keeping in view the optimal
allocation hasbeen shownin Table 13. Thereisaneed
to shift additional resourcesto Bangladesh for cereals.
Nepal needs more resources for horticulture.
Bangladesh, India and Sri Lanka require additional
resource alocations for fisheries. Livestock will be
priority for al the South Asian countriesand they require
substantial additional resource support.

Box 1
Commodity Priorities in South Asia
Bangaldesh India Nepal Pakistan Sri Lanka South Asia
Commodity Rice Milk Rice Milk Plantation Rice
priority Rice Milk Meat Rice Milk
Meat Wheat Vegetable oil
Vegetables
Commodity Cereals Horticulture  Cereals Livestock Horticulture Cereals
group Fishery Cereals Livestock Cereals Cereals Horticulture
priority Livestock Livestock Horticulture Horticulture Livestock Livestock
Horticulture Fishery Fishery Fishery Fishery Fishery
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Table11. Optimal allocation profileand adjustment coefficients, SouthAsia

Commodity Year Optimum shares Priority ratio Shiftin existing
(FBL)* over 2005 resources
Rice 2015 16.2 092 -83
2025 151 0.86 -14.4
Wheat 2015 6.8 091 91
2025 6.2 084 -16.2
Coarse cereals 2015 25 090 -10.3
2025 23 082 -183
Cereds 2015 254 091 -87
2025 236 085 -153
Pulses 2015 31 096 -36
2025 30 093 71
Edibleoils 2015 83 0.9 -45
2025 79 092 -84
Sweeteners 2015 30 095 51
2025 29 090 -96
Roots & tubers 2015 27 099 -14
2025 27 097 -2.8
Vegetables 2015 79 106 6.0
2025 82 110 104
Fruits 2015 78 107 71
2025 82 112 123
Plantation 2015 81 099 -1.4
crops 2025 80 097 -2.8
Horticulture 2015 266 103 31
2025 272 106 53
Milk 2015 17.7 106 53
2025 184 109 91
M eat 2015 58 110 104
2025 6.3 120 195
Eggs 2015 14 110 104
2025 15 119 19.2
Livestock 2015 249 107 6.7
2025 261 112 120
Fishries 2015 87 109 90
2025 93 117 168

(FBL)* standsfor final base-line
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Table 12. Allocation of research resourcesin South Asia

(in per cent)

Commodity Bangladesh India Nepal Pakistan Sri Lanka
Rice 206 147 252 6.8 -*
Wheat 6.8 6.3 191 161 -
OCER 7.7 54 0 37 -
Ceredls 3H1 264 43 266 -
Pulses 47 7.7 55 87 -
Edibleoils 7 106 72 101 -
Sweeteners 57 55 24 81 -
Roots & tubers 72 32 35 32 -
Vegetables 89 6.8 75 6.9 -
Fruits 132 9.2 45 125 -
Plantation crops - 74 - - -
Horticulture 2.3 321 155 26 -
Crop 818 76.8 749 76.1 8L5
Livestock 81 176 191 196 106
Fish 101 52 59 43 79
Total 1000 1000 1000 1000 1000
Source: Computed by using Agricultural S& T Indicators (ASTI) datasets at www.asti.cgiar.org
*Datanot available
Table 13. Reallocation of resear ch resour cesby commodity group in South Asia: 2005
Commodity Bangladesh India Nepal Pakistan Sri Lanka
Cereals

Optimal 487 259 36.6 198 25

Existing 3H1 264 243 266 NA

Shift in existing resources (%) 386 -1.8 -174 -255 -
Horticulture

Optimal 131 268 215 133 462

Exigting 2.3 321 155 26 NA

Shift in existing resources (%) -55.3 -16.7 T2 -41.0 -
Livestock

Optimal 123 236 288 525 100

Exigting 81 176 191 196 106

Shift in existing resources (%) 509 339 504 1674 -5.2
Fishries

Optimal 21 64 13 24 84

Exigting 101 52 59 43 79

Shift in existing resources (%) 1180 26 -788 -44.2 64

NA: Not available
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Table14. Required investment in research to attain food security in South Asia

Commodity Shareof TFP Elasticity of TFP Average Elasticity of Required
intotal with respect to food research growth
production research demand investment inresearch
(%) investment growth with respect to investment
(%) supply to attain one
% growthin
supply

Rice 10t020 0.05-0.10 124 124-160 1.00-1.29
Wheat 10t020 0.050.10 128 128-140 100-1.10
Coarse cereals 05t0 10 0.05-0.10 098 0.98-1.96 1.00-1.99
Pulses 05t010 0.050.10 176 0.98-1.97 056-1.12
Edibleails 20t0 30 0.05-0.07 176 176-353 1.00-201
Sweeteners 20t0 30 0.05-0.07 160 107-1.60 0.67-1.00
Roots & tubers 10to 20 0.05-0.15 200 134200 0.67-1.00
Vegetables 20t0 30 0.050.10 274 137-1.82 0.50-0.67
Fruits 20t0 30 0.050.15 283 094-141 0.33-050
Plantation & 20t0 30 0.050.10 200 100-1.34 0.50-0.67
Other crops

Milk 20t0 30 0.050.10 263 134179 0.50-0.67
Meat 20t0 30 0.050.10 319 159212 0.50-0.67
Eggs 20t0 30 0.050.10 316 158211 0.50-0.67
Fish 20t0 30 0.050.10 308 154-206 0.50-0.67
All commodities 05t0 30 0.050.15 214 130-1.87 0.61-0.87

Box 2 countries(Birthal et al., 1999; Joshi et al., 2003; Kumar

Allocation of Additional Resources

Country Commodity
Bangladesh Cereals
Nepal Horticulture
Bangladesh, India and Sri Lanka Fisheries
All South Asian Countries Livestock

Augmentation of Research Resources to Make
South Asia Food Secured

To attain food security by meeting the projected
demand during different yearsin futureup to 2025, it is
important to estimate the required investment in
research in South Asian countries. The current (2002)
level of researchinvestment (at 2005 US$) isprovided
in the publication by Beintemaand Stads (2008). Based
on review of TFP studies pertaining to South Asian

et al., 2004; 2008; Pasha et al., 2002), the share of
TFPintotal production variesacrosscommoditiesand
ranges from 5 to 30 per cent. It was low for cereals
and high for horticulture, livestock and fisheries. The
elasticity of TFP with respect to research investment
rangesfrom 0.05t0 0.15, asreported in various studies.
Using these parameters, elasticity of re-search
investment with respect to food supply (production)
was estimated for al the commodities and used to
suggest the required growth in research investment
needed to maintain one per cent growth in food supply
in future (Table 14).

Theresearch investment has been projected under
two scenarios: (i) existing growth in food supply
(2.14%) to meet the national food security, and (ii) target
growth of 4 per cent to meet the challenge of hunger
and poverty in South Asia. Theresultsrevealed that at
the current annual growth rate of food supply (2.14%),
theresource funding hasto beincreased to 2390 million
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Table15. Required investment in R& D to attain food security in South Asia
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(millionUSdollar at 2005 price)

Country Recent investment 2010 2015 2020 2025
(2002)*

Scenario 1: 2.14% agricultural growth (to attain national food security)

Bangladesh 109 1264 1387 1521 1669
India 1356 15715 17240 18914 20749
Nepal 2% 302 331 363 308
Pakistan 171 1983 2176 2387 2619
Sri Lanka 51 591 64.9 712 781
South Asia 1712 19855 21782 23807 26216
Scenario 2: 4% agricultural growth (toattain household food securityand alleviation of hunger)

Bangladesh 109 1433 1700 2018 2394
India 1356 17815 21138 25082 2976.0
Nepal 2% 342 406 481 571
Pakistan 171 2248 266.8 3165 3756
Sri Lanka 51 67.1 796 A4 1120
South Asia 1712 22509 2670.8 31690 3760.1

Table16. Required research investment in R& D to attain food security and reducepoverty and hunger in SouthAsia

(at current pricein million US dollar)

Country 2002 2010 2015 2020 2025
Scenario 1: 2.14% agricultural growth (to attain national food security)

Bangladesh 101.2 1430 1775 2203 2735
India 12583 17780 22069 27303 34000
Nepal 241 A2 24 526 65.2
Pakistan 1588 244 2785 3457 4292
Sri Lanka 474 66.9 831 1031 1280
South Asia 1580.8 2464 27833 34610 42958
Scenario2: 4% agricultural growth (toattain household food security and alleviation of poverty and hunger)
Bangladesh 101.2 1621 2176 2923 3923
India 12583 20156 27058 36326 48765
Nepal 241 3RB7 520 69.7 936
Pakistan 1588 2543 #A15 4584 6155
Sri Lanka 474 759 1019 136.7 1835
South Asia 15808 2546.7 34188 4589.7 61614

USdollarsfromthecurrent 1712 million USD by 2020
in South Asia. If wetarget 4 per cent growth rate, then
it has to be raised to 3169 million USD (Table 15) by
theyear 2020. Four per cent growth in agricultural GDP

can only be attained with greater emphasis on the
development of livestock, horticulture and fishery
sectors. Thiswill generate additiona incometo the small
and marginal farmers and reduce poverty and
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under-nourishment and will contribute to social
empowerment. The results relating to required
investment at current priceareindicated in Table 16. It
can be seen that investment has to be nearly doubled
at constant prices and tripled at current prices.

Concluding Remarks

Thefood demand projectionsin South Asiasuggest
that these countries will have to produce not only
additional food but also diversify food production
towards productsof higher nutritional value. Thetargets
to be achieved are quite challenging, and the research
system has to proactively respond to them through
structural and functional changes.

Thereislot of smilarity in agricultural development
situations and issues in South Asian countries, though
their nature and extent vary. South Asia as a whole
needs augmentation of research resources towards
vegetables, fruits, milk, meat, eggs, and fish. These
priorities need to be kept in view while deciding the
research agenda and research resource allocation and
other needed development support. The priorities for
resource allocation across the countries generally
include cereals, horticulture, livestock, fishery and
forestry and the commadities which require greater
resources include rice and milk (livestock). Thereisa
need to shift additional resources to Bangladesh for
cereals. Nepal needs more resources for horticulture.
Bangladesh, India and Sri Lanka require additional
resource allocations for fisheries. Live-stock will be
priority for al the South Asian countries. It isimportant
to mention here that these results on commodity
prioritiesare only indicativein nature and more degree
of scientific judgment needs to be applied to capture
other relevant external factors and opportunities
(including chances of research success) in setting
research prioritiesat themicrolevel (research programs
and projects). To address priority areaswith additional
resources, research resources have to be tripled by
2025 inrelation to the resource level of 2002 and they
need to be doubled in relation to the all ocation around
2010 in these countries,
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