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Abstract

Planners and irrigation experts in India now feel that increasing
agricultural production either through area expansion or irrigation
development has reached a saturation point, and that the develop-
ment of dryland agriculture through appropriate technology, based
both on crops and on farming systems, is the only alternative. Since a
majority of farmers in dryland areas grow crops for consumption,
there is need to link both supply and demand for these crops. Such
an approach would help in simulating impacts of certain exogenous
changes in rainfall distribution, productivity growth and other be-
havioural parameters. These impacts would have both allocative and
dynamic feedbacks through income, prices, etc.

* This is a revised version of the paper presented at the
ISAE/ICRISAT/AICRPDA Seminar on "Technology Options and Economic Policy
for Dryland Agriculture: Potential and Challenge” 22-24 August, 1983, ICRISAT
Ceatre, Patancheru, A.P., India.
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drcmnsunce&thqonlyhopetofeedthecver-inmaﬁngpopmaﬁon
kmdivqﬂresearcheﬁmstothedcvclopmentofd:ylandagriaﬂ-
tnrethronghappmprialctechologiesbasedbothoncropsandon

farming systems. It is X qted‘thatabout%%ofculﬁvatedm
willbeninfedevminZOOOA.D.(Singh,E&).Towardsthisgoal,
insﬁmﬁonssuchaleRISAThmamajorrolctophy;Whenit
comes to crop specificity, thepmphasisshouldbeonthcslow-
i cereals, pulses and oilseeds.

i , farmers (and policymakers) have neglected these
aopsbecauscofthdrlonroducﬁvityandrchﬁvclylownetremm.
Theyarguethatlowproducﬁvityisinfactowingtotheirlow
resonreeusc,asthcsecropsarcgrownonlyonmarginalhndswith
litﬂcornoinpms,andnndctadvemdimaﬁceondiﬁons.ﬂcyalso
nrgncthatthcproduccrsofthcsea-opsaretoopoo'ttomakecon-
siderable investments to raise the productivity of these crops which
they cventually consume (Jodha and Singh, 1982; Jodha, 1983), thus
constituting a vicious circle.

centives from the producers of these crops on the one hand, and
steep decline in prices owing to negligible demand response from
theeonsummontheothcr.Asthcseargumentsarehnptessionistic,
andcvidenceonthcdemandandsupplynspectofthcscrainfed
cropsisskctehy,thereisanmgmtneedtolookintothmeaspeds
more closely. Unlike in irrigated agriculture, crop diversity is a
notablcfeamddrylmdfamingandhmthcneedtoquanﬁfy
mrs’prodndimdecisionsinanintegmedsystemsapproach.

produeet-emmcts.thetcisneedtolinkboth )
fathcseuws.Suchanappmachwouldhclpinmuhtmghnp?.

. In earlier exercises, Behrman and Murty (1983; 1985) ha
devclapedamethodologytoperformsnch i i
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applicd the same successfully to analyse semi-arid tropical (SAT)
crop markets. Theirresultsgiveusefnlinsightsintotheflmctioning
of agricultural markets in an underdeveloped region such as the
SAT, and indicated the need to regionalise the model for capturing
interregional differences in cropping pattern, environmental
variability, etc. In thispapcrweu'ytobringinmorecmpiricalsup-
porttothecarlierﬁndingsandthrowsomelightonthc regional
dimension. The paper is organised as follows: In the next section we
briefly discuss the simulation methodology. We then deal in some
detail with the data for quantifying demand/supply parameters used
by ICRISAT and their collaborators, and analyse their utility. Fol-
lowing this, we discuss the base simulation that serves as reference
to all other scenario simulations. We go on to discuss the rainfall
shortage and productivity increase scenarios. Lastly, we list the con-
clusions and limitations of this study.

Methodology

The simulation methodology consists of piecing together infor-
mation on the two counteracting forces of demand and supply of the
market phenomenon-hitherto treated scparately in empirical
analyses—into a general equilibrium framework, and enables us to
study the impact of certain exogenous changes. Such a joint study of
the ‘push’ and ‘pull’ factors of the market is essential for a complete
understanding of its functioning.

Thisreqnirugoodknowledgeofthetechnialan_dbehaviouml
wnsidaaﬁonsundcdyingmpplyanddmndwhich,intum,require
an abstraction of the complex reality. In this section, we outline the
theoretical formulations of demand, supply and the intricacies of the
simulation methodology.

Following the methodology given in Behrman and Murty (1983;
1985), the deterministic part of the basic output supply/factor
demand mode! for an obsérvation can be represented in vector nota-
tion as:

S=£(P,X) ..Q1)
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m of crop outputs and m_number of variable factor inputs
such thatm = m_+ m,

P* is an m vector of expected output prices, onc clement cor-
responding'tothcﬁrstm. clements of S.

i i i factor
i ent vector of other variables, including m, {
xinpnt‘s mprwcsl'nx °‘§‘:a m_additional non-purchasable/fixed variables
soch thatm = m, + m.

An equivalent representation of (i) in growth rate form is:

ms * mx .
é = ¥ Bs + I Yi X
i yo1 ij *3 j=1 i *I @)

i=1,2,...m

i= i=12..m) is the crop output supply or t:ac-
mpﬁf t(l‘cmla%d.:l’alsui wne respect to expected output price;
7. (i=1,2..m, j=1,..m ) is the crop output suppl).v or factc:;'in l.np\;;
démand clasticity with respect to input .factor. price or .ad o;t "
variables, and a dot on the top of a variable indicates its gro

rate.

i S) in output

uon(2)statesthatthcgrowthrat?(. :
mT;‘;‘;p:tq?cmand for a particular crqp/factor is a lmdc:irﬁ oc::
bination of growth rates of all cxpde:ed pnc:ss (5’) ar‘nyd.all :h diona)
variables . Equation (2 regar s V> the .
mpply/fact(fr’) de:gmd clast(lcznes, as eonstants: whz:'eas in rcghty
they may depend on the overall configuration of all expected prices
and other variables.

One esseatial feature of the formulation (2) is its ability to incor-

porate cross-crop/factor interactions in supply and resource use,

which i i odivctsiﬁedagricnhhreasthatpfemhngmthc
SAT. l: :iud::nt all the estimates, as they appear 1n ), tog:ttlix:;
form a consistent set of parameters, unlike in smglc.egu o
models, and underlic a rational behaviour (¢.2., profit mm;::t:i )
by the decision-maker (farmer). These latter aspects of ecml
consistency are essential for such a model to form part of a gen
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equilibrium framework.

In a parallel way, the basic out :
A » put demand model for a
servation can be represented in vector notation as: Fagle ob-

D=g(Y) -(3)

were D is n element vector of output iti i
. quantities demanded; P* is
.o clement vector of output prices, and one clement correspond-
ing to cach element of D and Y is the consumer’s income or total
expenditure, its proxy.

In growth rate form (3) can be written as:

n
Q‘j{lﬁ. PO+E, Y .9
i=1,2,...n

where D is the growth rate in ith quanti
re D, A ra quantity demanded,
;‘;’ens p:h;:geowtht ;atc in jth price and s growth rate in income.
ters 0.'s arc output demand clasticities wi
to output prices and consumer income. o Wik respodt

The observations made for the supply model are valid
here. The aggregate supply of, and demand for, any oo::n“:gxyty ina
rcgnhonmbc. | as consisting of several individual components
::h-asdomemc r.egnonalptoduction,netimportsontheproduction

at.ldconsumpuondemmd,livestockdcmand,secdrescives,in-
vcntqncs!.;ygovemment, traders, consumers, and losses on the ab-
:;rptxon_ side. Although theoretically several or each of these vari-
_lesmghtmpoth.poverallmarke;tstmctmc, it may not be
casible to study them individually in practical applications, owing to
paucn):ofdata. In our case too, we make certain assumptions
m these unobservable components although it is possible to
assumptions as a simulation hypothesis by itself (¢.g., Be-
hrm?n and Murty,. 128:.3; 1985). More specifically, we assume ap-
proximate propomonamy between components on production as
well as absorption sides. This gives us the following relation:
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(1-2)S, = (1+6) D, ..(5)

where a, b, arc constants, specifitc to each commodity/crop. In
growth rate form, (5) becomes:

§=D, .6 . !

Thus, relation (6) is the basic equation that tics the forces of
supply and demand, using which we can calculate growth rates in
prices by substituting (6) in (4) or (2) and solving for the unknowns.
It should be noted that relation (6) is appropriate only in the case of
commodities that are produced and consumed in their raw form,
with little or no processing. Since this is true in the case of under-
developed agriculture in general and food commodities in particular,
we may be justified in using it for ICRISAT’s mandate crops. As al-
ready mentioned, any deviations from this assumed ‘normal’ be-
haviour are treated as separate simulation hypothesis against the
base simulation. These include simulations like productivity changes,
inventory behaviour, trade, etc. For commodities which are not com-
parable on the demand and supply sides, the only option is to com-
pute the rates of change in their demand and supply quantities, given
their respective prices. This would also apply to commodities that
arc sparingly produced in a region but consumed substantially by its
population through imports. The prices of such commodities are
determined outside the region of concern.

Even for commodities that are regionally produced and con-
sumed, it is obvious that the prices paid by consumers arc different
from what the producers receive for their output. The differences

are attributable to transportation, processing, and trade margins. If
we assume that these costs constitute a fixed proportion of producer
price, say 8, then we have a relation:

P = eP..(7)
In growth rate form (7) can be rewritten as:

P (8)

1 1

which links the producer and consumer prices for any commodity.
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The exceptions mentioned in the case of relation (6) apply for (8) as
well.Thus,l:elatlons(Z), 4), (6)§nd(8), togetherwithrz:mu(l? for
expectedptma.ndknownelasudtycoeﬂidents,consﬁmteam-
pletesct.ofequauonsforapricedetaminaﬁonmodelingrowthm
form.Gwcnthelcvelsoftheendogenouspﬁcesandquanﬁﬁesior
som.ebaseyear,thclevelsofthevariablescanbegcneratedform
cessive years.

“In underdeveloped agriculture like that prevailing in SAT
asub;tantialpartoffoodgrainproductiofisbeingeonsum:;e;
producersthcn.xsclves.'l‘hns,anychangeinrevenueoftheprodncus
alsoaﬂ’mthwconsumpﬁonbasket.msbﬁngsinmothalinkbo-
tw:eende.mam!andsupply,otherthanthxonghprices.Toquanﬁfy
thxstel?nonshxp,theincomcoftheptoducer-consumerisassnmed
Ez)e?:;st;ne of flt-wo parts: (a) value added from crop production; and

om non e s . imal husband
'l"hiscanbem'ittenas:mp meluding " .

m m
Y=c¢ (Z SP, -2 SP) + Y, - (9)
=1 i-m'
=]

th.recisthevalucaddedparamcteroutofcropproducﬁm
and Y_is non-crop income. The expression within parentheses on
the RILS. of (9) is net reveaue after deducting the costs of all pur-
cha.sedmpu.ts.'l'hcvalueofcdcpendsonvariousfaminduding
agriculture-industry linkages. Ali et al. (1980) have estimated the ¢
xtaluetobe0.856innonirrigatedagrimltuteinlndia.Thcyalsoes-
t}n.u.teqmatthcavetageimomefromlivestockmdnon-cropw
tivities is about 9% of the value added from crop production.

_ To summarise, the simulation methodology involves the follow-
ing steps:

Step 1. Given the supply response parameters (elasticitics), past
prices and other exogenous variables, the current rates of change
m;;utsupp!yandfaaordemmdmdetcmineduﬁngrdt
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Step 2. Using these newly generated output supply/input demand
quantities, and a set of assumed prices, the producer-consumer’s
income is determined using relation (9).

Step 3. Given the consumer demand parameters (elasticities), com-
puted income and current rates of change in output
supply—which are equated to rates of change in output demand in
view of relation (6) —the rates of change in an improved set of
output prices can be calculated for all items for which markets
are assumed to be cleared. For items whose prices are set outside
the region, the rates of change in their quantitics demanded are
computed. Steps 2 and 3 are repeated until the endogenous vari-
ables do not change by more than a pre-fixed numerical error.
Thisgivesusthesimnlnedvaluesofcndogenonsvariablesfor
that year. Having obtained them the procedure is repeated from
step 1 onwards for next year.

There are two sources of dynamism in this simulation process:
(l)theexpededpﬁcegcwaﬁmmechanismusinghggedpﬁces;
and (2) using estimated lagged values of the endogenous variables,
instead of observed values, in successive time periods. Thus, the
simulation model is recursive dynamic. In the following section, we
describe the data used by ICRISAT staff and their collaborators for
estimating supply-demand parameters that are crucial for the
simulation process. We also discuss certain salicnt features of the es-
timated parameters.

Data and Parameterisation
Supply Module

For the estimation of supply response parameters, such as those
in relations (2), district-level data have been assembled for 93 dis-
tricts belonging to the semi-arid tropical (SAT) states of Andhra
Pradesh, Karnataka, Madhya Pradesh, and Tamil Nadu for the
period 1956/57 to 1978/79. Data were gathered from published
sources, such.as Scason and Crop Reports, State Statistical
Abstracts, and unpublished information ebtained from state agricul-
ture and marketing directorates. The data collected covered 22
majoccropmdinchsdedinformﬁonbydistﬁctoqpmdu(ﬁm,
area, farm harvest prices, rainfall, fertiliser use, etc.
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8 geeg 3IREBEBEE HERSRES

After examining this massive data set in terms of indicators like N §§§§°9°§ SGF9G6] IFI°°T
cropping pattern, and environmental variability, Bapna, Binswanger
and Quizon (hereafter BBQ), bave identified 14 agro-climatic sub- -
regions and further grouped them into three cropping zones, called QIEREREE S8888%S8 s§§§§§§
RICE SAT, WHEAT SAT and COTTON-GROUNDNUT SAT. A S23833%3 <SsSo8§9S SIS
fourth zone called ALL SAT encompasses all the three cropping
zones (Bapna, Binswanger, and Quizon, 1984). : i

SAT wheat is primarily non-irrigated wheat grown in Madh O 2898 QAERES8 HRUIENEE
Pradeshduﬁngthewintermonthsondeechrﬁglsusingresidhﬁ § §§9$§§§§ ‘?g"gg“ FgSSceT
moisture. SAT rice is mostly grown during summer months under ir-

rigated conditions in Andhra Pradesh and Karnataka. Cotton and

Be
groundnut are more widely grown in the SAT than rice and wheat. - 282RRE
Crop aggregates were formed, consistent with the above crop zoning §§E§§§ﬁ85 e ?5$§°§o
and manageable in number for supply-response estimation. on¥QScceeq r” a -
B
After making suitable transformations for pooled time series of é o
cross-sectional (subregional) data, BBQ estimated six sets of supply

3
- 8
response parameters, using the systems of output-supply/ factor g P b § E é g §§ aé % § E § b= é
demand approach'. The six sets differ in their geographical coverage ee

and commodity aggregation. All the systems were estimated with
two underlying profit function assumptions—Generalised Leontief
and Normalised Quadratic Functional Forms. Based on empirical
considerations, BBQ recommended systems based on normalised

5 szyigns  SE8EEAE
= R_82 E£:3% 888 SS5H{=%48
quadratic functional forms. For our analysis, we choose their es- ;§§§°°§° qu§6¢?° goegeee
timates based on system A for ALL SAT, system B for WHEAT
SAT, and system C for RICE SAT zones.
. o [ 3
In addition to the expected output prices and input factor costs as gﬁégggsa : 3§§§§§§ §§§§§§§
explanatory variables, cach of the above systems included five addi- e G§S - §S°S]9n

tional infrastructural variables: annnalrainfaﬂ,extentofuseofhi.dl-
yiclding varieties of rice, wheat, sorghum, pearl millet, and maize;
road deasity; regulated market density; and extent of irrigation. Ap-
pendix Table 1 gives definitions of variables, units of measurements,
mean and cocfficient of variation values, and annual percentage
(compound) growth rates over the simulation period 1966-78 by crop
zones. This table indicates the relative position of each cropping
zone with respect to production, farm harvest prices, as well as other
infrastructural variables.

. . fot
For definition of ted “ﬁ.b'?‘ seei Ape';tf?dm::.:\:l:.ated at sample means contained in Table S in Bapna et al. 1984, after adjusting
uadratic profit function

Source: Normalised q

fulfilment of convexity.

. TABLE 1 Crop-outyet sepply and tactor-input demand elasticilies




@

Table 1 summarises the implied output supply-factor demand
clasticities (at the sample means) for the three cropping zones-ALL
SAT, WHEAT SAT, and RICE SAT. These estimates were ob-
tained by modifying BBQ estimates for the fulfilment of convexity
conditions. The numerical approximations involved in making con-
vexity adjustments to these parameters preclude us from establishing
or rejecting their statistical significance. In spite of this limitation, it
is interesting to find fairly substantial supply response to (expected)
prices in these relatively underdeveloped agricutural regions.

The own-price supply elasticities for less commercial crops like
sorghum range from 035 to 1.04 and for other coarse cereals from
039 to 0.53. It is somewhat puzzling to notice that ‘more commercial
crops’ like oilsceds and pulses too have similar or even smaller
supply clasticitics. There are quite a few cross-price elasticities as
large as own-price responses implying intercrop
substitution/complementary relationships and justifying systems of
cquations approach. The estimates also indicate a fair amount of
variation across cropping zones.

In gencral, all other crops, with the exception of pulses, compete
with the dominant crops, rice or wheat, in all the regions. The com-
petition is less, however, in the case of oilseeds and other crops. In
spite of statutory fixation of fertiliser price, its input demand is fairly
pricc responsive. Some of the positive signs for output supply
response with respect to fertiliser price—although small-are per-
verse, reflecting the inadequacy of fertiliser data, and can perhaps
only be interpreted as more efficient use of cheniical fertiliser in the
eveat of a hike in its price. It may also mean substituting cheaper or-
ganic manures for chemical fertilisers, data on which is not available.
The output supply responses with respect to wage rate and the input
demand for labour with respect to output prices are, in general,
small and are of the correct sign except in a few cases.

Table 2 contains supply response parameters (elasticities) with
respect to rainfall variable, for the system of our interest abstracted
from BBQ. From Table 2, we observe that increased rain causes
shift from sorghum to superior cereals and pulses in the ALL SAT
region, and from coarse cereals to wheat and chickpea in the
WHEAT SAT region.

16 Lechnology Options and Economic Policy for Dryland Agri.
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Demand Module

Forthccstimationofdemandpanmetaslik?th.oseinrelauons
(4),wcneedasuimblemodqlwhichan?wssubsumuonmmgwn-
sumer items. Earlier studies (Radhakrishna et al., 1979; Radhak-
rishna and Murty, 1980), on Indian consumption patterns revealed
that the Linear Expenditure System (LES) provides a reasonable fit
when the range of income variation is small.

nsumption data used in the above studies for the estimation of
the(:i.;mam{m model are the time-serics of cross-sectionaly data on
consumer expenditure published in the reports of the National
Sample Survey Organisation (NSSO) for the rounds 2 through 25
covering the period 1950-51 to 1970-71. Each of the NSSO reports
on consumer expenditure provides the per capita monthly expendi-
ture on cereals; milk and milk products; ediblc‘oils; meat, eggs and
fish; sugar andjagay;othctfood;doth.ing;fuelandhghtandgthz
non food for 12/13 expenditure classes in each round. In certamn
the rounds, a further breakdown of two commodity
aggregates—namely cereals into rice, wheat. sorgh}m, pearl millet,
and other coarse cereals; andotherfoodx.ntoch.nckpegandot!lcr_
pulses—is also provided. In order to utilise tlns puphsh.cd mfonganon
fully, Murty (1983) resorted to a hierarchical estimation [for sxmilar
exercises see Deaton (1975), de Haen et al. (1982)}, wherem the
LES demand system is estimated for aggregate oommodmu.Sox::l
ofthescaggregateeommodiﬁumthmdeeomposedmtomdmd
items through estimation of submodels.

effects im by the LES model, the NSSO expeaditure

have beenpslt‘:dmﬁcd into five expenditure groups scparately for mr::lf
mdurbanueumthcbuisofthemonthlyexpenditm‘chssesf
the 17th round 1961-62; asepnuzmodelhasbecnestx.mated or
Foromsimuhﬁmmuﬁlisethedasﬁ?hyestmates(a}thesa:gfl
mem)fmthemdlmwmmemmthc .
sampleundettheasmpﬁmthatthcsebestappronmatc c:xpend:-
ture levels for the commoditics of concern for SAT India (See
Murty, 1983 for more details). To focus attentiox.l on ICRISAT man-
date crops and also to study their substitutability/complementarity
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TABLE 2 :Owtput supply
tional varisbles, and input demand elasticities with respect to the addi.

RAIN HYK IRK ROADL  MKTs
SUPCERQ  3195°** . ALL SAT
JOWARQ -1998°** _33357:' _322;;"‘ -(1”7?;‘" 0710%
PULSESQ  saggese  0006%" 1736 0610 1aggees
OILSEEDQ .0715 povss 0967 -1894*  _0239
OCRO 0352 3000°*  _6758%** 35070
FERTO . oy -1665°* 2227 e 0T
m .2229 -?All"‘ m 1:0387"0 -.0765 .
WHEA Sas6°* WHEAT SAT
OCRSCERQ -30%0" e 2674 3BT - 1066
- o S125%°e eos .
gac?{(g 2997%ee -3n . 3.4228 0097
FERT: :Psm 3’?&? = 1079°%¢° 5680°%** 1.0446°** °"157::.
-’m 1-5297”‘ 4-4378“. :0165
RICEQ T718%° 5340 RICE SAT
JOWARQ  -0120 A0 1me 0653 0586
GNUTQ 1637 o .. 0507 1015
OCROPSDQ .0888 2069°°° 2‘% "?‘;;” -13;“??::‘
FERTQ 2204 2688°°¢ AS14 :9174000 -:1326

Fordcﬁnitionoflbbmiateduxiablu, A
1 The corre i riables, sce Appendix Table 1.
significant at these detined poatr T TTICh these elasticities are derived are

°°*  Significant at .01 level
. Significant at .05 level.
Significant at .10 level

Source: Bapna et al., 1984,

todthcrcrops and products being consum .
C > ed rather prehen-
f‘mm:&tvely, :tsa?egatedthudeuﬂedmmodntymoddmt?mthm dif-
tren o commodity aggregates with close resemblance to the
three put supply systems for ALL SAT, WHEAT SAT, ahd
SAT. The othcrcommodities'.catcgoryonthcdemmésidc,
thehm’ cannot possibly}:e compared with ‘other crops’ category on
snpplyozldeforobvmusreasons. The sets of estimates are
labelled m A for ALL SAT, model B for WHEAT SAT, and
model C for RICE SAT, and are presented in Table 3.

e

The three sets of demand elasticities do not reflect the real dif-
ferences that exist in the different cropping zones because the three
models are derived from the same set of estimates. In fact, one
would expect taste differences across regions. In our future exer-
cises, we might be able to incorporate regional specificity in demand
parameters as well. The following observations are thus conditional
upon this limitation.

Quite a few of the demand parameters are numerically large and
emphasise the importance of quantifying consumer behaviour in
development plapning and market-oriented studies. Since these es-
timates are obtained through a utility maximisation procedure, they
satisfy all the theoretical properties including convexify conditions.

From Table 3, all the own-price clasticities of demand are nega-
tive and the total-expenditure (income) elasticities are positive, im-
plying that all the commodity aggregates are normal goods. The ab-
solute values of own-price elasticity estimates for basic comsumption
items are somewhat ‘high’; a few of them, close to or even exceeding
2, show very little price flexibility and immense scope for supply ab-
sorption, provided the consumers have adequate purchasing power.
Consequent to supply shifts, however, price adjustments in the op-
posite direction are inevitable.

Base Simulations

We describe the base simulation obtained by applying the methodol-
ogyofearlierscctions,whichsmesasarefe'tenccpointtoallthc
scenarios to be discussed in the next section. It is necessary to have
such a base simulation as a reference point, because the impact of
exogenous changes could get confounded with stochastic errors
resulﬁngfrominadcquaciesofex-postmodeldcs’aipﬁon.’l‘hns.itis
hnpentivetotunethebascsimnhtionbyre—esﬁmaﬁngsomcofthc
pmctcrs,choosingtheappropﬁatestarﬁngpoint(basedm),im-
posing certain product and area-specific market features, ctc. It may
alsobenecessaryattimestoadjustthe(base)leve‘lsofemdnmi-
ables to avoid systematic upward/downward predictions inhereat in
a systems approach to estimate supply/demand. In fact, all these
modifications are imbedded in the base simulations that follow.
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.’ ‘

' - It is clear from carlier discussion in this paper that the data used
for estimating supply and demand parameters have several dif-
g ) ferences. The inputs come from different sources of observation,
S = units of data collection, etc., and cover differeat periods as well as
geographical arcas. In fact, there are more differences than
similarities in the two data sets. For this reason, in spite of many
simplifying assumptions, it is next to impossible to match rates of

changes, not to think of levels, in commodities supplied and
HEEE
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168

82220% mmses g
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INCOME

883882 Jzaevz Has demanded in any particular year. One is left with no other option
ceecy S S o than to stick to one of the two data sets for evaluating the
. (simulation) tool and possibly extrapolate its future use. Based on
é’ these considerations, it is felt that the production data used for es-
e timating the supply component of the model is a better choice for
g this purpose. ‘
zg g After experimenting with various starting points, we decided to
s use the data for 1966-68 as base information and 1969-78 as the
§'§ simulation period®. Thus this data set overlaps with that used for es-
5 & timating the supply component. The geographical coverage is the
§ § same: the four SAT states of Andhra Pradesh, Madhya Pradesh,
- Karnataka, and Tamil Nadu excluding the wet, as well as irrigated
g & (by major irrigation projects) districts, from the sample. These four
-g.§ states account for the following percentages of Indian output and
L
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acreage of the major crops that we consider: wheat (10.8, 17.5), rice
(15.6, 14.1), sorghum (36.7, 42.0), other cereals (30.2, 22.4), pulses
(24.3, 31.0), oilseeds (37.4, 35.0), and other crops (27.1, 28.2).

The original district data is transformed in exactly the same
fashion as that in the supply model to get Fischer’s chained quantity
and price indices (adjusted for interregional variation in base year
1956/57) and aggregated to regional leve-ALL SAT, WHEAT
SAT, and RICE SAT-time-series. Appendix Table 1 contains cer-

tain characteristics of this data.

e o . -

2
Eﬁg Interregional differences in cropping pattern can be clearly seen
from this table. Broadly, output prices are more volatile than output
¥ supplics in cach of these three regions. Wheat production has grown
gg more rapidly than rice production and wheat prices registered a less
rapid rise than rice prices. Sorghum (in WHEAT SAT) as well as
groundnut (in RICE SAT) registered negative growth. Coarse
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cereals (other than sorghum), constituting mainly pearl millet, and
pulses have also shown im ive growth, but their prices have risen
much faster than production. In view of the data being volatile, the
task of tracing fluctuations in output quantities and prices through
an econometric model is extremely difficult.

the net trade into this region (from rest of India) is relatively small
and hence it is perhaps reasonable to assume their prices are deter-
mined within the region. For rice, wheat, and cash crops, prices
mightbesetinthoseregionsinlndiawherethcseaopsm
predominantly grown, and the SAT farmers would respond to those
prices. In the case of fertiliser, its price is statutorily fixed by govern-
ment, while non-availability of data on labour force demand /supply
do not allow us to determine wage rate within the model. The effects

of fertiliser price as well as the wage rate are included in the model
as additional variables.

Twosummaqmcmesofgoodnessofﬁ(arccalculawdand
preseated in Table 4. These are Mean Absolute Percentage Error
(MAPE) and Root Mean Perceatage Error (RMPE). MAPE is cal-
culated for the first five-year period, 1969-73, as well as for the
dccade1969-78;MEismlaﬂaedonlyfor1969-78.

A cursory look at Table 4 shows that both MAPE and RMPE
are, in general, hrgcrforowutpricumdoutpmdcmnndquan-
tities than for output supply quantities®, This is expected because
within a year, given output supply/input demand quantities, short-
runequiﬁbrixmformplicestoadjustinthecascofqorghum;other
coarse cereals, puhesandoﬂseeds;similuly, demand quantity ad-
justments are possible for rice, wheat, superior cereals, and other
mmditymemm,mthenprmmﬁuadomctbemodd
Thcsnmmuymsumarclowerforlabonrinputdcmmdmdu-

penditur itive and negative errors for prices and
be from m&mmaﬁwmmwlymf““m’w

there i:m{minhm in the model and cautions ex-
trapolation far into the future.

be mar-
the onc for RICE SAT scems to
.A“%Z’aﬁmfawmmmmmmm
gmallypw’ thewmemismfmommmd‘nmw lotted
-ties. Examination of obscrved and predicted ap

dismal. The year 1974 had a normal : ollowing
“mmwmmlmm)“”mm and
years. The output of scveral crops—such as nce,wmmt”
wilsceds—for 1974 suffered a steep decline, but the
steep for some crops like sorghum.

Scenario Analysis

iscussing have the

. ﬁmmﬁmm“wm.bedxmng g
bs‘:“ﬁ::hﬁm(mfmwi ch,l:as)‘:teaﬂpemcg
reasons already mentioned. The impacts of with the lat-
deviations of the simulated path from the base path, W26 P
gumwewmbfmwlwlmw
in which there is an XPiCt ST T Sl and another, which
is altered and its impact ;able in the model (e.g, productivity
change). Simulated changes in cither VP° 2 wﬂ;b;:;z and for
2 shock) or multl ;Odnom(i'c" dynumc). ic effects of the pos-
gzi'.m.wm the Pmd“d jces, comsumption of
aggregate uction, prices, ¢ . ,

o o and i, ddod rom agicatre wili that rogin

e ———




325

> ws 61 LB g8l : o ViIHM
2 8.,& L68L e el ..& e6l wit Q._.Omua
3 _
681 ‘
M un x , puswIP wdwO
' €v9 ' 4quasTo
'€l . d ,
wo 9y'9l 8Lt oot vl = ,, J1LNNO
5 o't o1 il yo'st F
3 cont wit . evol 8L ¥eee sLvt ey
2 v8l 8191 b U0 : sooud 1nd1wO
= o 0¥l M_.. MN« orst oo
¢ ,
W 0'€S oL 89'6
) €6t
%
£

.m SLY'S 9Ty 01 g4 61 800 T 07 7y odoavl
W 80'61 86'¥1 8Tl LSLE LYET 196 SO'LE ST0E wol OLMad
Q puswop nduy
S o "9 18°s | DASIOUI0
& 6oLl 8Tyl 686 : D0Sd0YI0
3 558 L €99 DVSd0uD0
o 08'%C "eL oL OQHASTIO
9 6N Sorl 816 OINND
Vi A oLl Lot OSHS1Nd
sTst Vi 4 syl . ONDY
8s61 8zs1 9L €LEl 07Tl ol e orel sTh OUEISUD0
& esTl Lv6 9101 un 8roe orel 056 - %8 s DAVMO!
.m 6 oL Wi OUEDdNS
. 161 9L'01 6V'0% OLVEHM
M 958 &9 L6E oEON
; &ddns ynding
»)
M 8L-6961 8L6%1  €L6961 8L-6961 86961  €L6961 8L-6961 8L69%61  €L6961
M IdNY AdVIN HdNY HdVIN HdNY 2dVIN

o

JLVS 5ON LVS LVaHM LVS TIV

o -.ajs.agszsg&ag%m!gg“cg.—



Technology Options and Economic Policy for Dryland Agri.

126
From the way the crop aggregates were formed and included in
different models, it happened that only two crop aggregates: 1. sor-
ghum and other coarse cereals, and 2. two input factors—fertiliser
\
|

and labour (implicitly included)—apear in all models. Thus, only for
these crop supplies/input demands, direct comparison of impacts
across cropping zones is possible. Similarly, the derived expenditure
variable, value added from agriculture, can also be compared across
zones. In the case of other variables, however, we can compare al-

locative and dynamic effects within a cropping zone. The following
scenarios are being explored here:

A. Induced shortfall in rain by 30% in 1969.

Induced shortfall in rain by 30% in 1969 and 1970.

Increase in sorghum productivity by 25% spread over 1969-
77.

Increase in productivity of all mandate crops— sorghum by

25%, other coarse cereals (mainly pearl millet), pulses, and
oilseeds—each by 10%.

B.
C.
D

A. Rainfall Shortage (Drought) in 1969

In this scenario, the observed rainfall in 1969 is reduced by 30%
and the model simulates endogenous variables for 1969-78. The per-
centage deviations of the endogenous variables from base simulation
values are presented in Table 5 scparately for each cropping zone. It
should be pointed out that the models incorporate only annual rain-
fall as a variable, and this may not adequately represent the weather
cffects on crop production. The timing of rainfall, rather than the
aggregate amount, is at least cqually important in crop production.
To this extent the effects reported here might underestimate the im-

pact of drought on crop production, and the discussion is subject to

The impacts of a year-long drought on crop production in 1969 arc
roughly proportional to the rainfall responses reported in Table 2 for
the ALL SAT segion. In 1969, owing to the induced shortage in ram-
fall, the output supplics of superior cercals, pulses, oilseeds, and |
other cash crops declined, while those of sorghum and-other coarse
cereals went up. Since the production of most fertiliser using crops -
was lowcr, the input demand for fertiliser declined. Thesc changes

Impacts of Hypothetical Changes in Prc duci

TABLIS :Scenacios of percentage in variables eaused by 30% induced shortfall in rain in 1969.
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are in accordance with the signs of rainfall responses given in Table
= 8 8 2. The other changes need morc explanati

- S §§ 3 2 g § e ges ! morc cxP ation.
& Owing to the decline in production of high-value crops, the value
g added from agriculture was lower. In the view of the producer-
§ 59 8 3 g8 % consumer income linkage for commodities whose production in-
creased (sorghum and other coarse cereals), prices declined to ab-
a9 & Q Q sorb the additional output. This is essentially a downward movement
3 o3 = 4] 2 fu} along the (downward) shifted demand curves. In the case of com-

modities whose supply had fallen (oilseeds), and whose demand
(including exports) was elastic, prices declined for the same reason.
In the case of superior cereals and other commodities, their demiand
fell because of exogenously fixed prices and lower income. The im-
pacts in the following year are more interesting.

$| 5| §| s38 i 8 3
-E E . Owing to lowered prices in 1969—and hence, .lower price expecta-
® ; g e R ﬁ g - tions for sorghum and other coarse cereals—their supply declined in
£ - N T 3 3 1970. For pulses, higher price expectations resulted in higher
= . production. The increase in the supply of superior cereals is perhaps
E‘ 2 ggg S o g owing to the following: from the Cross-price responses of superior
- - e T %9 cereals supply (Table 1), the change in the prices of pulses, sorghum,
- other coarse cereals, and oilseeds in 1969, all have a small but posi-
E tive impact on the supply of superior cereals. So is the case with
3 ’ = other crops, including oilseeds. Because of increased supply of supe-
3 g § g § § 3 o al . g 2 rior cereals, the dcm?nd for ferﬁlisgr went up. Thus, all the effects in
3 = « | SR 1970 were comparatively smaller in absolute value than those for
8 3 £y 1969. The consequent changes in output prices and value added are
8 3 g -1 ?; 8 8= 8 wi also small. These effects get reduced further in 1974 and possibly
E - e= v ° Ve T .g ; disappear thereafter.
s
£ . 55 2 8 -l 288 In wheat-growing SAT regions, the impacts are similar, but vary
4 g LN § = -2 a % g ] in magnitude. Owing to induced drought, wheat production declined
§ $ by 17.8%, while the supply of other coarse cereals expanded by
3 14.2% and production of chickpea fell by 10.6%. As a sequel, their
s 24 prices also changed significantly in the opposite direttion. Sorghum
- B8 production expanded more slowly, at one third the ratc as that in
& ALL SAT. The decline in value added is similar to that of ALL SAT.
A g a § g sg In 1970, the impacts were much smaller. Both wheat and chickpea
;a g QE g 3 gg og ‘ %i production expanded in a complementary way.
it F e 1|
2 §E0kied B Hiceee M o
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w7 1 nice-growing SAT areas, there seems to be monoculture centr-
ing around rice production. The decline in rice production owing to
the year-long induced droughit is tremendous (22.3%), with less sig-
nificant changes in other crop: except groundnut, whose supply had
fallen by 5.1%. The decline in value added is also more rapid-more

than twice that of other regiors. By 1974, all these effects get dam-

pened. This scenario provided important insights as to the likely
working of agricultural market; under severe failure of monsoon in a

less-developed region. These include: (1) exogenous changSs induce

significant compositional shifis in production, consumption, and

varied changes in prices; (2) owing to dynamic and lagged feedbacks,

the impacts may persist over a longer period than when the ex-

ogenous change has been induced; and (3) most of the impacts
caused by exogenous shocks would die down after some time, dif-

ferently for different commodities and regions, bringing back the

growth pattern to the base (siraulation) path.

B. Rainfall Shortage (Drought) in 1969 and 1970

In underdeveloped agriculture, it is often said that small and
marginal farmers would be severely affected and forced to sell their
meagre assets like land, bullocks, etc., in the event of consecutive
droughts, whereas they (farmers) may be able to withstand a year-
long drought with less disastrous consequences (by selling gold,
jewellery, other valuables, etc.). Though our model cannot simulate
droughts of that nature, it can simulate the consequenges of major
reductions in rainfall in successive years.

In this scenario, we simulate a 30% reduction in annual rainfall
in 1969 and 1970. The impacts of this scenario (Table 6) in 1969, are
exactly the same as in scenario A. The effects of scenario B in 1970
and subsequent years need some explanation. Firstly, the impacts in
1970, another drought year, are not the same as in 1969 owing to
carryover cffects. They seem to be approximately equal to the al-
gebraic sum of the effects for 1969 and 1970 in a year-long drought
simulation. No such relation:hip can be identified for subsequent
years.

To illustrate the impacts in'1970 for the ALL SAT region, the in- -
crease in the supply of sorghum and other coarse cereals is only

Impacts of Hypothetical Changes in Productivity 331

6.9% and 1%, respectively, over the base simulation, as against 8.1%
and 3.5% in 1969 (9.5%). Similarly, the production of pulses
declined at a lesser rate (7.1%) than in 1969. The supply of oilseeds
and other crops decreased at marginally higher rates, 3.23 and 6%,
respectively, compared to 3% and 5.5% in 1969. The supply of supe-
rior cereals declined at a lower rate (10.0%) than in 1969 (10.6%.);
consequently, the demand for fertiliser did not fall as much as it did
in 1969. Owing to the fall in production of most of the crops, the
value added from agriculture declined by 5.4%, as compared to the
base simulation. The huge decline in prices could not be full.y com-
pensated by cross-price responses, which have a positive impact.
These impacts declined over time as they did earlier, and almost ab-
sorbed the exogenous shock by 1974. ‘

In wheat-growing regions, owing to induced drought in 1970, the
supply of othfr coarse fclrcals went up by 9.1% in.f»lcad of 142% as
in 1969; the production was lower by 5.1% for chlcl(.pea anq 15.8%
for wheat, and continued to fall. Fertiliser consumption dccl.mcd by
'8.4% in 1970 and by 3.8% in 1974. The value added from agriculture
is slightly better (-4.2%) than in ALL SAT (-S.fi%)., and much bctt?r
than in RICE SAT (13.4%). The sharp decline in value added in
RICE SAT is owing to a big drop in rice production .(-21.4%), the
main income source, as well as decline in other less important dry
crops and their prices. In all these cases, the quantities demanded of
rice, wheat, and other commodities declined because of a downward
shift in the demand curves.

C. 25% Increase in Sorghum Productivity, 1969-77

" .. e of
__ The main objective of ICRISAT is to increase the prqductmty o
all mandate crops through development of crop and farming-systems
basedtcchnologies.Tosnmd,snchaneﬁectcallsforathOfoug.h
understanding of the socio-cconomic environment of t.hc region in
general, and the likely macroeconomic effects in partncular Some
analysts claim that significant increases in crop productivity, espe-
daﬂyincoarspccreals.wiﬂnxnsubstanﬁaﬂymcreaseoutputbecausc .
of two reasons: 1. low (near zero) supply response frgm producers
of such crops to price incentives; and 2 low (ncar zero or even negat-
ivc)demdresponseﬁommmersoftlgasemnput‘s,v{hnchdepr-
ess theirpﬁeeswithoutsipiﬁmlyexpmdmgupusmnmoutput.
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The supply and demand parameters (glven in Table 1 and 3),
ceteris paribus for SAT India, refute the above contention. It remains

to be seen, with the help of simulations, how the forces of demand

and supply interact in the event of sizable productivity gains in man-
date crops. It would be useful to quantify the net effects—both alloca-
tive as well as dynamic, after making allowance for likely (negative)

market effects—of productivity change on output supply of the crop
concerned as well as on other crops.

In view of these apprchensions, it would be useful to remind our-
selves about the way a productivity change operates in an integrated
demand/supply framework. A productivity increase of T%, for ex-
ample in sorghum, would have three components: (1) output of sor-
ghum would increase by T% with the existing level of input use; (2)
as sorghum productivity increases, there would be reallocation of
resources (identical to the effect of T% increase in the price of sor-
ghum, keeping all other input and output prices unchanged); and (3)
in view of these two positive effects, sorghum output expands, ac-
companied by adjustments in other outputs depending upon sor-
ghum cross-price supply responses. All these output changes result

in price adjustments in the opposite direction, depending upon .

demand responses offsetting part of the earliest changes in supply.
Thus, the net effect of a productivity change on output is the sum of
these three effects. If in addition there are lags in the model, these
effects would have dynamic feedbacks.

In this scenario, we simulate a 25% increase in sorghum produc-

tivity sprcad over 1969-77. We assume an S-shaped adaptive pattern,

with a maximum growth rate of 5% in 1973 and smaller ipercases in
carlier and subsequent years®. The impacts of such a,simulation are
given in Table 7. These are reported at three points in time—for
1971, 1974, and 1978. Although the targeted 25% cumulative produc-
tivity is reached in 1977 itself, the simulated growth path would
perhaps take longer than 1978 to reach a stable path. As already ob-

served, time-series data were not available after 1978, so we could
not simulate beyond 1978°,

The magnitude and signs of unpacts on various crog‘ﬁ*“
agrecment with the supply responses given in Table 1 for all the
three cropping zones, and for all the years. There are a few

Impacts of Hypothetical Changes in Produciay

TABLE 6 :Scenarios of percentage changes in variables caused by 30% induced shortfall in rain during 1969 and 1970.

RICE SAT

WHEAT SAT

ALL SAT

1974

1970

1969

1970 1974

1969

1970

1969

1974

241

-21.35

-22.32

-15.77 0.16

-17.77

1.1
-0.80

£.16

-2.96

-1058

1.74 0.72 0.42
9.09 0.19 145

an o=

248
14.20

6.86
0.96

8.14
348

1.0
0.12

v
-3.54

051
ANL)
3.00

.08
0.06

e

0H.05

0.16

-1.07 0.20
A 0.16
-6.03 0.20

9.50
-298
-5.51

Input demand

0.77
0.26

4.32
150

6.37

0.00

-3.80
-0.02

-8.36
-1.57

-12.00

3.7 0.94
.0.06

<199

FERTQ
LABORQ

0.00

-0.66

0.00
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percentage changes in variables caused by a 25% increase in sorghum productivity spread over 9 years, 1969-77

TABLE 7 :Scenarios of

Technology Options and Economic Policy for Dryland Agri.
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= & - O
S‘ - = - 3 s 2 exceptions, however. The supply of superior cereals in ALL SAT
8 zone, and other coarse cereals and groundnut in RICE SAT zone,
2| 2% s _ have opposite signs wh?n cpmpaxcd with supply responses
) S5 - 8 8 7 given in Table 1. This might be because of the mutually
' reinforcing cross-price effects in the case of superior cereals in the
- 2RE g ALL SAT region, and own as well as cross-price effects in the case
) ¥~ o g § g of other coarse cereals and groundnut in the RICE SAT region.
Owing to an increase in sorghum productivity, its output goes up
at a higher rate than the productivity growth rate in all the three
regions, the order or magnitude varying slightly. The three regions
g g K88 8 & @ recorded sorghum output growths ranging from a low of 32.6% in
a0 - 0 - g4 % ALL SAT region to a high of 39.6% in WHEAT SAT areas, with the
S third region falling in between (but closer to WHEAT SAT). This
§ fg' §§§ 9 & ¥ shows that the price decline for sorghum (11.6%, in ALL SAT,
0 T 2 - 128% in WHEAT SAT, and 13.8% RICE SAT) could not dis-
courage its production more than the (positive) reallocation effect.
g 33 R 9 X Sorghum production seems to have a complementary relationship to
. < © production of pulses in ALL SAT region and to groundnut produc-
tion in RICE SAT areas. Rice, wheat, and cash crops seem to be the
main crops giving up land. The demand for other commoadities suf-
) fered in both ALL SAT and WHEAT SAT areas despite increased
§|] 38 § % e &| ¢3 income (and fixed prices), whereas it gained marginally in rice-
g D en gg growing arcas. The demand for fertiliser slackened owing to decline
< R in production of fertiliser-using crops: rice, wheat, and cash crops.
5 & X% 8 g w8 Labour use has however gone up marginally. By the end of the
%S ¢ « 3.89 i _gé decade, sorghum producers gained in their aggregate revenue and
g8 consumers also bencfited from lower prices.
g §§ g 3 §§ 3 §§ D. Productivity Increase in All the Mandate Crops
i Simulation looked at individual crop productivity increases at-
¥ tainable through, for ctample, high-yielding/hybrid sced varicties.
g These are usually specific to the crop concerned. Such productivity
¥ s increases in specific crops might benefit farmers from only certain
.g. & g oo £ soil types and agro-climatic environments. Productivity changes
g 3 £ gé brought about by certain technologies, for example farming systems
l 3; § g gg EE g ‘ 8, based soil-and-water-management technology, might benefit several
o005 ZE SUXNSGEEE 1 ¢F e e a2 vesinn The henefite however need not be uniform




postulate productivity gains for all mandate crops—sorghum, other
coarse cercals (mainly pearl millet), pulses, and
oilsceds—aggregating to 25% for sorghum and 10% for each of the
other crops spread over 9 years. The pattern of increase is the same
as in the earlier scenarios. The impacts are reported in Table 8.

Only the ALL SAT model treats all the four mandate crops
separately. The other two models have either pulses or oilseeds in
combination with crops from the other crops category. In these two
cases, productivity increase of only sorghum, other coarse cereals,
and of either chickpea or groundnut is incorporated.

Each impact in this scenario is confounded and cannot be at-
tributed to a specific exogenous productivity change. In spite of this,
one can see the joint effect on individual crops in various crop zones.
The percentage changes over the base simulation given in Table 8
indicate differential effects between crops and across cropping
zones. The terminal impact (in 1978) of a 10% productivity increase

on output is lowest for groundnut (9.4%), and highest for pulses
(13.4%).

With a 25% increase in sorghum productivity, the output growth
ranged between 32.2% for ALL SAT and 38.9% for WHEAT SAT.
For groundnut, the output growth is in fact less than the postulated
rate of productivity increase, indicating the possibility of the
(ncgative) market effect more than off-setting the (positive)
resource allocative effect. This is further evidenced by the largest
(other than pulses) decline in groundnut price in 1978.

Interestingly, the decline in rice and wheat supplies because of
this joint productivity increase of other crops is only marginally
higher than the decline observed in the case of individual produc-
tivity increases. This might be owing to the continued higher relative

profitability of rice and wheat (because their prices are exogencusly
fixed) compared to the mandate crops. Similarly, because of higher
relative prices of rice, wheat, and other commoditics, consumers
redneethwdcmudforthucmms.mweaseinmnnv!ﬂye
addedﬁmwdtmnonlywpualmngwjomtpmdm

increase, thus belittling their benefit to producers. kt It should be
painted out that the nactuluted eeadiastfet o
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0.69

RICE SAT
097
31.25
9.54
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3.02
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1974

053
9.69
308

10.49
265
0.09

138
052

1971

1978
-4.03
3891
1027
8.12
-1.59
-8.67
2.05

WHEAT SAT
8.04
212
-156
9.09
200

1974
4.0

3149

9.28
221
3N
0.90

9
1.7
-0.66

099
1.7
1341
11.63
0.05
0SS
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caused by productivity increase spread over 9 years, 1969.77.

SAPLE S Scenarios of percentage changes in variables of all mandate cmbsl

- |
Technology Options and Econoic Pol; Dry ' ' '
¢y for Dryland Agri. Impacts of Hypothetical Changes in Productivity 1

(=) .
. ;5; §§ 3 5 s R than sorghum are mot very high’. Joint productivity increases
g ' however tend to benefit the consumers, and these benefits are sub-
3 stantial in this case. | | : (
2] X Y = ' - : |
2 ERE 3 g 3 Conclusions
g &ﬁg 3 o X S With the data available and the limited use of modelling for un-
- T4Y = 0 ~ o derdeveloped agriculture, we draw the following inferences from our
study: > |
1. Farmers in underdeveloped SAT India do respond significantly
S5 = to price incentives and modify their production decisions, even for
e B 858 R B =& rainfea crops. Similarly, they also revise their consumption basket,
s ' depending upon relative prices and real income.
£l & 338 T8 x 2. Dryland farming being a diversificd activity, there are some sig-
' ‘ oo nificant cross-crop responses, particularly between rainfed crops and *
- . the dominant high-value crop of the region, implying reallocation of
S £ 3T 3 8 resources based on relative profitability. This requires an integrated
‘ © supply/demand systems framework for understanding the rainfed
§ crop markets.
£ TR 8- 3. In view of the simultaneous nature of farmer’s production deci-
a 5% §§ & g2 &ons(aﬂocaﬁoqofruom)andpossiblehgsinsnpplympons.e,
g §e the impacts of exogenous changes led to both allocative and dynamic
- 5§ feedbacks. S |
3| E g% g = a5 8 gg "
A o < f 4. Since erratic distribution of rainfall with frequeat failure of moe-
24 soon is a characteristic feature of dryland areas, it is useful to predict
S - 44 the likely impacts of scvere droughts—in terms of magnitude, direc-
®| 28 8 7 g8 &| £ tion, and timing of resource transfers—to facilitate short-run
TR 7 9] 3f economiic planning. The simulation model prodicted shifts in
g% resources from moisture-intensive, high-value crops to dry crops in
B §§ the event of rainfall shortage. ' ‘ ‘
. Q . ¥% 5. Our scenario results teatatively dispel apprehensions regarding
.E B g ggé <98 likely catastrophic consequences of significant increasesinprqduc-
% : g 8 K tivity of rainfed crops, particularly sorghum. Moreover, they mdxc.ate
ghg s S : g.gg g g social benefit to producers as well as consumers, the extent of which
2255 K-1- E Jw-uf differs across cropping zones.
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"6. There seems to be ample scope for transferring improved

+ sorghum-based cropping systems to wheat-growing areas of Madhya
Pradesh and pearl millet-based cropping systems to rice-growing
areas of Andhra Pradesh, Karnataka, and Madhya Pradesh. Produc-
tivity increases in sorghum have a complementary effect in increas-
ing the production of pulses; pearl millet has a similar effect on oil-
seeds.

7. These findings are illustrative and conditional upon the chosen
demand/supply parameters and simulation methodology. We believe

-that the magnitude of impacts may change with alternative ap-
proaches, but not the directions. Paucity of information precludes
any sensitivity analysis for the present. There is an obvious need for
more in-depth study and further verification of these results.
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Footnotes

1. BBQ-assumed an additive error components structure, with subregional, time,
and residual components for the disturbance term in each of the estimating
equations. After experimenting with various lag structures for expected price
formulation, the following empirical relationship was adopted:

[ 3
P =0TP_+029P,

where P, ktheactualpxieeoﬂlieithcmpinthepcriod.

2. The simulation model requires three years' data as base information be-
cause of the two-year lagged price expectation in its growth rate formulation
in supply module. See (oomote 1

3. We used the same supp!y quantity data for demand scries as well for rice,

wheat, and superior cercals, owing to non-availability of appropriate data.
Hence the MAPE and RMPE values for these variables are misicading.

4. Space limitation precludes inclusion of the graphs here.

5. The exact pattern of assumed annual increases is : 05% in 1969, 15% in »
1970, 3.5% in 1971, 4.5% in 1972, 5.0% in 1973, 45% in 1974, 35% in 1975,
1.5% in 1976, and 0.5% in 1977. After the ninth year, this lcads to a wmvll-

tive nrductivity nath 25% above that of base simulation.

Impacts of Hypothetical Changes in Productivity 343

6. In order to examine the stability of the model, we duplicated the 1978 data

several times and simulated the endogenous values beyond 1978. The simu-
lated path for each endogenous variable became parallel to the base path
after a few years, indicating clearly the stability of the model.

7. Experts estimate a two-to-three-fold increase in productivity of rainfed
crops as likely potential (Singh, 1983).
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APPENDIX TABLE 1: Definition of variables and their mean, coefficient of variation (CV), and percentage annual growth rates for 1966-1978 by

Q’m

RICE SAT
cv

%
Annual
Mean CV  growth Mean

%
Annual

ALL SAT
Mean

Dimen-

Abbrevi-'  sion/

units

rate

rate

growth

rate

stion

Varisble

123
1655
503

9.81

10.02
65.76
2092

38.69

955.19

0.51

14.09

937.15

120

899.62 1151

% of

10.75

238

7.81

443
3.05

557

7403 1875
17.34

1213

5.73
1.7

8.67

4.76

659

959 235
3598

6751 17.14
19.26
2543

8.12
10km? 221
891

mm
GCA

No./

1.26
9.03

2348 5.0
5.7

20780.60

796 224

Technology Options and Economic Policy for Dryland Agri.

3561 91

1178340

9.1

Million 2903750

GCA: Gross cropped area; LABORQ: Labour Quantity; EDBOILSQ, P:Edible Oils Quantity, Price; OTHCOMS AQ, CQ, DQ: Other Commodit

aggregiites A.CD.

SUMMARY OF PROCEEDINGS
POLICY FOR DRYLAND AGRICULTURE :
POTENTIAL AND CHALILENGE’

N.S. Jodha™

Background

Following the green revolution in the well-eadowed arcas of In--
dia in the late 1960s, the widening gap between dry and wet regions
became a matter of serious concern. Several public interventions fol-
lowed. Increased investment in agricultural research in dry-farming
arcas since the carly 1970s was a major intervention. By the early
1980s a scenario developed where scientists (off and on the record)
daimedmhmmﬂedmprmd technologies for dry-farming
regions, bankers reported their unending search for fundable tech-
nologies, and farmers continued to complain about non-availability
of relevant technologies. Each could be right in their own way, but
the whole debate has generated an atmosphere of hope mixed with
despair. It was in that context, to have a clearer understanding of the

_ situation, that the Indian Society of Agricultural Economics

(ISAE)—-in association with the International Crops Rescarch In-
stitute for the Semi-Arid Tropics (ICRISAT) and the All India Co-
ordinated Rescarch Project for Dryland Agricultare (AICRPDA)-

*  Senior Bconomist, lesesaational Crops Rescarch Institute for the Semi-Arid
Tropks (ICRISAT). Pataachere, Andhra Pradesh S02 334, India. - .
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