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A major purpose of ICRISAT |y to develep new technologies and procedures
which will increase the i+ ductivity of the tive mandate SAT crops {sorghum,
pc;rl millet, pigeonpeas, (hickpeas and qroundnuts) under a variety of
envir.nmental condition.  But a productivity change for a particulor crop
may hove important impact. not only on br‘duatimn of that crop, but also
on it. market price and on the income and thercfore the expenditure of its
producers, Moreover it may have impact on other crops by Inducing shifts
in land and other rewouricy among crmps an!, through induced price changes
of these other crops in addition to that in the price of the original crop,
by Inducing shifts in demand patterns. Furthermore the productivity change
for the original crop may induce shifts in demands for inputs like hired
labor and fertilizers, with possible repurcu.vions on thelr availabilities
and prices. Finally, all of these changes do not necessarily occur in the
crop year in which the original productivity change s introduced, bul may
occur with complex patter. of lags and fredbacks due to the time required
for adjustment and 'crmati n of expected proces.

Such a proces< i< torlicated indeed. T understand It well requires
good knowledge of the tect .ical and behaviaial considerations that underlie
supply and demand, ard how they interact over time. Such knowledge must
Include not only the directions of direct and induced responses, but also
their magnitude and timing,

To help understand the nature of the impact of changes in SAT mandate
crop productivity as well as of a number of other possible interesting
changes same of which are noted below, we have been developing a model of

supply and demand in SAT agriculture. This model can be used to simulate



alternative hypothetica! scenarics and thereby to investigate the

nature of ef fects induced by (1 ISAT mandate crop rroductivity changes

and other changes., In thi~ paper we present the critical elements of

the Phase | version of thi< mede ! and explore several illustrative
scenarios, using SAT india a+ an empirical example. Thereby we ﬁbpe btk
to provide an illustration of the uses and timitations of this tool and to
solicit comments and suggestions regarding the ongoing development of 1his
mode !,

Section | briefly presents the structure of the mode! and describes
the empirico! bases for its parametrization., Scction 2 gives some examples
of the nature of interactions among crops and of dynamic responses within
this system. Section 3 consviders simulations of svetem-wide responses to
a varlety of <cenarios of changes in productivity, fertiliger prices,
highu;y Iafrastructure, labor market conditions, total consumption expen-
diture, rainfall, and price policy. Section 4 aives conclusions,

Sectlion 1. Supply and Demand Market Model for ICRISAT Mandate
Crops in SAT Indla

deollng by definition requites ibstraction from the complexity of reality
lé order to focus on the essential elements of the phenamenon under inves-
tigation. in empirical application often further abstractions of theore-
tical models are required due to unavailability of certain data. In our
modeling we work with basic supply and demand functions for SAT products
which have been estimated by ICRISAT staff working with various collaborators.
Supply: We use estimates for the supply side based on the careful
‘study of systems of output supply and factor demand for SAT India by Bapna,

Qﬂinauungnr and Quizon (hereafter P*)). We summarize their approach and



estimates and our use of them., For more details concerning these estie
mates see BBQ.
The date base for these cstimates was assembled for 93 districts
In the four states of Tamil Nadu, Karnataka, Andhra Pradesh and Madhya
Pradesh for the years 1955/56 through 1973/74 by ICRISAT, These date
cover 22 principal crops, including all’s of the ICRISAT mandate crops:
Two superior cereals rice, wheat
Six coarse cercals sorghum (jowar), pear) millet
tbajra), maize, finger miilet
{ragl), kudon and kutkl {(kodo
and barnycod millets), and other
minor mitlets,
Six pulses Chickpea (Bengal gram), pigeonpea
(tur or red gram), green yram

(mung), black gram (ured),
harweqram (kulthi), and other

pulues,

Four oilseeds groundnuts, sesamum, castorbean,
Hinweed

Four other crops suygarcane, cotton, tobacco,
chillies

For some purposes the distyicts are aggregated Into 17 agroclimatic sub-
reglons onAthe basis of average annual rainfall, percent of gross cropped
ares irrigated and cropping pattern of dominant crops.

These data were used to estimate six output supply-factor demand
systems, with the differences among them depunding on the extent of
giographical coverage (for example estimates were made separately for
these areas in which rice and for those in which wheat is the dominant

superior cereal) and the level of aggregation of crops, For our Phase |



mode! we use the BBQ A" estimatces, which cover their entire SAT region

‘1‘ “% - '
w‘,W“@ullh six output commodities:

2.

3.

Wheat and rice are aggregated into superior cereals since
one or the other {(but not both) are produced 1n each of
their agroclimatic subregions.

$orghum is grown in virtually ell subregions and therefore
treated a% & scparate commodity. .
The other five cosrse cereals each are cultivated much
less broadly and therefore are aggregated into other
coarse cereals,

The pulses are treated as » single aggreqate for the sam:
reason.

Olisceds are treated as a single aggregate for the same
reason,

The other crops are the four noted above in this category.
They share tﬁg characteristics of requiting relatively high

levels of purchased inputs in comparison to most food crops,
being produced largely vy market oriented producers, and
(axcept for chillies) largely being processed in separate
processing industries Lefore being consumed., .

The only variable input for whi:t data permited the extination of a

separate Input demand system iy tertilizers, as wcasured in tons of
< —————————

nutrients of N, Py0g, and K

20. Labor demand is not evtimated due to a

lack of data, but the effect of wage rates (as represented by daily male

wage rates for standard eight hour days) is incorporated. Consistent

data could not be found, however, for the quantities or the prices of

other standard inputs (eg. bullocks). Flve additional variables also

were Included:

1.
2.

Rainfall

Extent of use of high yielding varieties of rice, wheat,

sorghum, pearl millet and maize as proportion of total
cropped ares,
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3. Road density in kn/k@? which BBQ suggest Is their best
measure of market access.

- k. Regulated markct density in number/1000 kn? which 88Q suggest
messures government Bssistance to the marketing process (and
not market access since there are a number of unregulated
markets) .

5. Extent of irrigation as proportion of cropped ares.
The basic output supply-factor demand models for one observation
can be represented in vectur notation 4s:
(1) s = (P, x, V)
where 5 is a seven elomant vector of quantities, including
the output supplied of each of the six commodities
def incd above and the input demanded of fertilizer,
PC is a seven element vector of expected prices at the
time of production decisliomwith one element corros-

ponding to each slement of 5.

X is o six clement vector including wage rates and the
five additional varlables noted above,

U is a seven element vector of stochastic terms to
represent unobserved factors, one for each of the
elemnnts of S,

An equivalent representation for the llh crop supply (or factor demand), which

we spproximate below, is in growth rate form:

(2) ; 6
S ) ‘E . »
(2) i , £, Py . X v
= = VEgp (J)er Egyx () 4Eg (1)
TR AL e SR I o
J J

vhere the standard convention Is used that a dot above avariable
means the time derivative(? = aiht);

E., is the elasticity of Y with respect to & (= (2Y/Y)/
(32/2)); and subscripts i and j refer to elements
in the indicated vector.

Yi
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“ This relation states that the qrowth rate of the ith crop's output
suwply Sor input factor demand) is a welighted average of the growth
rates of all expected prices {ﬁj / Pf). all of the additional variables
(iJ/xJ). and the disturbance (0;/U;), with the weights being the res-
pective output (or factor input) elasticlities. The elasticities .
Incorporate the underlying technological and behavioral responses to
changes In various expected prices and other variables. In general
the elasticities are not constant, but depend upon the oversl] confi-
guration of output supplies and Input demands, which in turn depend on
the overal| configuration of expected prices and other variables.

88Q place great emphasis on the systemic characteristic of relations
(1) and (2). That Is, they highlight the interactions among the various
crop output supplies and input demand that are inherent in these reia-
tions since the output of any one crop (or the demand for any onv.7nput)
depends on al! expected price ratios since substitution of land, labor
and other inputs may occur among the crops. The systemic approach (as
opposed to the more common alternative of estimating relations for each
crop separately) has the advantage of assuring consistency of the
ostimated substitution possibilities (ie. the implied substitution
between crop | and crop j is the same whether viewed from the point of
view of crop i or of crop j), of allowing testing of whether or not the
estimated description of behavior Is consistent with underlying profit
(or net revenue) maximization by farmers, and of allowing cross crops

(or lnput) associatioms in the unobserved disturbance terms, BBQ also
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“galned the impression that elasticities of individual commodities....
estimated in @ system context gre more stable and more In |ine with
a priori expectations than single squation estimates." (p.4).

These advantages over the ususl single equation approach seem
to be quite considerable. But, as alweys, they are purchased at a cost.
In this case the cost relates to the added data requirements (slnce
observatiorson each commodity are required for each geographical unit
In sach time period), the related grester aggregation so thet in fact
each commodity is produced In sach geographic unit in sach time perlod
(which explains why BBQ aggregate to the slix commodities above to insure

production of each commodity In each observation even though every
crop is not produced in every geographical unit), the greater computa-
tional complexities and costs, and tha need to impose some uniformities
that may not exist in reality (eg. they Impose the same lag structure
on al! past prices in forming thelr expected prices, but there may be
asymmetries among crops In adjustment possibilities so that real world
lags are different). Though these costs are not negligible, they
certainly are outweighed from our view point by the advantages of the
systemic abproach( (particularly since not we, but BBQ, have borne the
data collection and compytational costs),

To estimate the parameters of relation (1) which underlie the
elasticities in relation (2) soms specific functional forms must be used
for relation (1). BBQ derive functional forms from generallized Leontlef

and Normalized quadratic profit functions. Also some explicit assumption



about expected price formulation Is required. After experiments with
various lag structures, BBQ adopted the following uniform specification
for all expected crop prices:

(3) Pf «0.71 P, +0.29 P,

-1 , -2

Where P, is the actual price of the ilh crops (or Input) and
the subscripts =1 and -2 refer to lags of one and
two years, respectively.
Finally, an assumption is required about the nature of the disturbance
terms, U. BBQ assume that the disturbance for the ith crop (input) in
the tth period in & particular district can be decomposed into three
independent normally distributed components: one which is common across
the districts in the same agroclimetic subregion for that crop, 8 second
which is common over time within that district for that ¢rop, ard a
.third which is independent of the disturbances for other time.perioda.
districts, and crops.

Under these specific assumptions about the functional form of
relation (1), BBQ obtain system estimates of the parameters which
underlile the elasticities in relation (2) on the bases of pooled time
serles (17 years, after 2 are lost due to the lag structure in relation
‘)) and cross-section (X districts, after some are deleted because they
#0 not seem to fall into the SAT classification) data. The combination
of cross-section and time series data permit added precision in the
estimates.

Table | sunmarizes the implied elasticities at the points of sample
means for the normalized quadratic systam.' We use these elasticities

for our Phase | simulation nv.del under the assumntian that the alacricitisc
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in relation (2) can be consldcéud to bs approximately constant.? The
elasticities imply & nuwder of significant cross-crop effects In that
1A of the cross price-elasticities are based on significantly nonzero
coffficients estimates at least at the 103 level. They also imply
other interesting significant patterns: increased wage rates re-
duce production of sorghum and pulses; increased rain causes 8 shift
from sorghus to pulses and superior cereals; spread of high-yield
varleties causes & shift from sorghum ag; other coarse cereals to
superior cereals and the other crop category and increased fertilizer
demand; increased road density causes a shift from pulses and oilseeds tO
superior cereals and the other crop category and an Increase in ferti-
llzer demand, presumably all due to the improved market access; increased
rogulatcd market density causes a shift from ollsceds to superior cereals
and the other coarse grains category and an expansion of fertllizer dem-
‘and; and increased Irrigation causes expansion of superior cereals and
of ollseeds with no significant impact on other crops nor on fertilizer
demand .

But some of the clasticities based on invignificant coefficient
estimates have a priori pecullar signs -- in particular, the own price
eslasticities for other coarse cereals and for ollseeds, both of which
are negativ¢.3 Since such signs may cause distortions in the simulations
and since the underlying coefficient estimates are not significantly
different from zero at the 103 level, In our Phase | model we set equal

-

to zero all elasticitics for which the underlying coefficient estimates

o—

lr‘rnot significantly different from zero at the 10% level,
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However in three cases {i.c. sorghum, groundeuts, fertilizer) the
inslgnificant own price elasticities seem to reflect the aggre ation
of agronomic subregions in which rice is the dominatn superior cereal
sliternative together with oncs in which wheat i~ the dominant superior
cereal alternative. With greater disaggregation the parameters Under-
Iying these own price elasticities are significantly nonzero at least
ot the flive percent leve!. Therefore a3 one variant of the Phase |
mode! we consider simulationy in which the arithimetic average of
signiflcant own price elantic ities from the ¢otimates based on geu-
graphical disaggregation bLctvien wheat dominant and rice daminant
SAT are used for thewc thiee commodities: soraghom (.62), ollseeds (.23},
and fertilizer (-.45).

Demand: We use cstimates for the demand side based on the care-
fﬂ; study of systems of demand for low-income rural Indian by Murty
a&d Redhakrishna (hereafter MR). These estimates have parallel
systematic advantages (and costs) as do the supply estimates described
a‘ovo. In addition they have advantages over available alternatives
oé permitting focus on a rural income groups at approximately the SAT
l;vol (see below), of satisfying the convexity conditions implied by
t“ory, of permitting approximately acomparable level of aggregation as
on the supply side, and of belng very familiar to one of the present
authors. For more details corcerning these estimates see HR?'S
| The data base for the MR estimates is a pooled time series of

cross section estimates from the Natlonal Sample Survey Organization

(NSSO) for 1950-51 through 1970-71 (rounds 2 through 25). These data
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permit a hierarchica! aprioach In which systems of demand equations for
more aggregate commoditics first are estimated, and then these broader
sggregates are decomposcd into components on a level of aggregation
approximately comparable to those used in the supply estimates above,

}. Superior cercals

2. Sorghum

3. Other coarse crreals

L. Pylses

5. Edible oily

6. Other item.

The differcﬁces betweern this disaggregat fon and that used for supply
are three. First, the other cateqgory 14 mu b difterent since it
Includes items Jike clothing, fuel and light, and other non food goods.
Therefore, we do not avsurme Lhat the sixth category of wupply equals
the sixth category of demand to determine an  emdogenous price below,
Second, the fifth cateqnry on the demand side iy the processed
countcerpart to the fifth category on the wanply slde, with the extent
of of f-farm processing probably considerably greater in the case of
this coomodity than for the first four comodities. Third, in the
MR demand system chickpeas are included in category four instead of
in category three as in the BBQ supply system,

The basic demand nr expenditure system model for one observation

can be represented in vector notation as:

(4) 0= g(P° v, V)
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Where D is a six element vector of quantities demanded
for the commodities defined above.

. p0 is a six element vector of prices faced by
consumers with one element corresponding
to cach element of D.
Y is tota! expenditure.
Vis a six element vector of stochastic terms to
represent unobserved factors, one for each of the
elements of 0. *

Anh equivaient representation for the lth commodity demand, which we

approximate below, iy the growth rate form:

(5) b; € o P : v
j=l pf) Y Vi

)

Where the conventions defined below relation (2) are used.
This relation states that the growth rate of the demand for the ith
commodity is » weighted average of the growth rates of all prices*
faced by demanders (ﬁ? / P?), of expenditure (Q/Y). and of the dis-
turbance (V;IV;), with the weights being the respective demand
cldltlclties. These elasticities incorporate the underlying behavior:
8} responses and the aggreqation across individual households. In
g.nhrll the elasticlities are not constant, but depend upon the over-
all conflguration of market prices, expenditure, and the distribution

of purchasing pauer.7

To estimate the parameters of relation (4) which underlie the

elasticities in relation (5), some spacific functional forms must be
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used. MR ytilize the Nasse generalization of the linear expenditure
I!ftem which allows nonadditivity in the underlying utility func:lon.e
in order to overcome the linear expenditurc effects implied by this
mode!, they subdivide the sample Into flve (deflated or real) expen-
diture groups for rural arcas and five for urban aress. They allow
for cross equation correlations In the elements of the disturbance
vector (V) by using a gencralized least squares estimator. Under
these assumption, MP obtain maximum likehood estimates of relation (4)
for each of the 10 real rxpenditure groups using pooled time series-
cross section NSSO datra.

For the Phase | modet we utilize the HR entimates for the second
(Yowest) expenditure cateqory In the rural sample under the assump-
tion that these best approximate expenditure levels for the commodi-

3 We also assume that the elasticities

ties of concern for SAT indla.
calculated at the samplec means for this expenditure group can be
considered approximately COﬂQtOﬂ!.‘o

Table 2 gives these estimated elasticities, which have several
Interesting patterns.

First, all of the own price elasticitics are negative, as theory
suggests should be the case for normal goods. But those for sorghum
(=.39) and to lesser extent for edible oils (-.62) indicate substan-
tially less direct own-price response than for the other four cate-
gorles (-.88 to -.98), which are almost unitary.

Second, there are some fairly large price effects, both positive

and negative, but primarily involving superior cereals. Ffor this
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reason using a system of demand relatiom is important for analysis of
varlous scenarlos. For example a 102 increase in the price of superior
cnriuil implies Increases of %% and 2% respectiively in quantities

demanded of other coarse cercals and of sorghum, and decreases of

=3.8% for edible oils and of -71 of both pulses and all other commodi-

ties. The only other cross-price elasticity even half as largc.in absolute
value as the smallest of the.c for superior cereals is the response of
«1.2% in edible oil demand to a 102 Increase in the price of other

cereals.

Third, the expenditure clasticities vary considerably, with thoue
for sorghum (.20) and for other coarse cereals (.54} being relatively
irresponsive. In contrast, the expenditure clasticities for the other
four catcgories all are slightly above unity (1.06 to 1.16). Thus as
luéonl and expenditure increase, ceteris paribus, there is the well-
known shift in expenditurce shares away from sorghum and other céar&e
corsals to the other food and nonfood categorics.

The Productions fquals Absorption Identity:for the ith cormodity

in SAT agriculture the total supply Is SAT product ion (Si) plus net
imports into SAY ("i)"‘ The total absorption includes demands for current
human consumption (D;). for current livestock consumption (L;). for seed
reserves (R,), and for changes in inventories held by producers (A'?).
consumers (Mf). market wholesalers and retailers (m?), and by public
authorities (A!?). In addition, there is significant wastage (Hi)'
including spoilage and loss to insects and othcr animals. Total pro-

duction equals total asorption:
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‘ , P, _..C "
(6) S; + M W0 e R, * M' * a1 e AL

+ AI? +

» Inprincipal all of the components of supply and absorption
Indicated in relation () may be responsive to actual and/or expected
prices of SAT commoditics. If thelr responses differ, the composi-
tion of both supply and demand mey change au prices (or expected
prices) change.

in practise, unfortunately, dats arc not avallable with which
we can estimate the market responsiveness of most of these components.
Therefore we assume for our baslic Phase | «imulation model that the
sum of net exports, livevtock use, seed reserves, producer stock
changes, and wastage is proportional to «upply for the first five
commndity gfoups:
F

(7) aSl - Li + Rl ’ ‘l‘ + w‘ - H'

Likewise, for these commadity groups, we ascume that the sum of
other (i.e. non-producrr) inventory changrs i4 proportional to
demand:

(8) b0, = ME + c': . at?

Under these assumptions, relation (6) may be rewritten as:

(6A) (1-a)s, = (14b)D,

so0 that:
(68) 5
$; 0

Md, of course, relation (68) can be utllized with relation (2) substi

tuted in the left-hand side and with relation (5) substituted in the
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right~-hand side, which ties the production cquals absorption identity
of relation (6) directiy bach to the discussion above about supply
and d;lbnd systems.

Three points about our use of relation (68) must emphasis.

First, we use relation (68) as the basis fnr our basic simulation
In the Phase | mode! because we are unable to observe most of the
other quantities In the production equals absorption identity of
relation (6). However, onr of the beautys of the simulation approach
is that, although we can not observe these items, we can explore with
simulations the impact of nanrroportional behavior in these other
items. for example, suppoce - In contrast to refation (8) -- that
stocks are accumulated by marbket wholesalers and retailers more
than proportionately duc to wpeculative behavint,  Say, for example,
that this cxtra accumulation cquals 2% of total SAT supply In a given
yoar. We can explore the impact of such behavior on prices, Cu;rrnt

demand, and future supplics by modifying (68) so that:

(6c) él D

-.02 »
S 5
Likewlise, the effects of an increase of 1% in supplies available for
current consumption from above normal government stockpile releases,

added Imports etc. can be invest igated by using:
(60)

[ =

-
0

i
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Second, the assumption that net imports are proportional to

supplies probably is a palatable approximation for the first five

.Ilties. In these cases, for the most part, net trade between
SAT India and the rest of India is falrly small retative to SAT
product ion because of transportation and markcting costs, reinfor-
cod at times by government food 2ome policics and other regulations,
And, of course, variation< trom this assumptdnn can be explored as
noted I the previous paraaraph, or by assuming inteqration into the
larger Indian market as di<cussed for the other commodities in the
next paraqraph.

For the other three cormodity supplies or demands in the mode! --
the other crop supply category, fertllizer demand, and the other
commodity demand category -- we do not include both production and
sbsorption within the model. We do not do so because in these cases,
integration into the larger India market and/ur qgovernment policies
(particularly for fertilizer) means that net Imports are relatively
large and variable in comparison to SAT productinn. In these cases
we assume that prices are set In the larger indi.n market outslide of
SAT or by government policies, with behavior in SAT responding to
such prices. Thus we can ex;lore, for example, the effects of a
policy induced change in the price of fertilizer on fertilizer use,
crop production, and comodity consumption within SAT. 0f course the
demand for fertilizer depends not only on the fertilizer price,

but on all the prices and other variablesin the supply and demand

systems.



Third, one other sdvantage of working from the rate of growth
form of the production equals absorption identity in relation (68)
(or v;rllnts thereof like 67 or 60) is that we can easily combine
supply and demand systems estimated for somewhat different geographi-
cal areas. For examplic, the BBQ supply system estimates and the MR
demand sysiem estimates are based on overlapping, but not indentical
regions. For the Phase | mndc! we resolve this qeographical discre-
pancy by using the BBQ quantity data for the SAT region and using
relations (5) and (68) to aencrate changes in demand from a base
proport fonal to the BBQ quantity date,

Supply and Demand Price Relations: We have discussed how prices

are determined outside of the Phase | model for the other crops supply
category, for fertilizers, and for the other commodity demend category.
luf for the other five comodities on the supply side there are expected
prices (Pf) based on actual supply prices (Pi) as indicated In ;;Iatimn
(3) and prices which consumers pay on the demand side (P?). The prices
which consumers pay differ from those which farmers receive due to
transportation, marketing, and processing costs ("}). which differ

from crop to crop:

0
(9) L= mP.

For our Phase | mode!l we assume that these factors of proportionality

. - !
are constant for each commodity (not across commodities) 2 50 that:
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With the added assumption that the prices of the first five commodity
groups adjust within each year to clear apnroximately the individual markets,
the Phase | mode! solves tor these prices a« follows. In & given year
the expected farm prices are based on known previous year prices av
glven by relation (3). These expected prices, together with the other
given variables in relations (2), determine the rates of growth of
supplies of each of the commodities through relations (2). Thin Fixes
for that vear the left-hand side of relations (6B). By sub<tituting
relations (9A) into the rate of growth in demand in relations (5)

and substituting the resuiting relations into the right-hand side of
relations (9A), & system of expressiom is obtained In which the rates
of changes of the prices are the only unknowns.  This system can be
solved for these prices. In this process current quantities supplied
are given by responses ti, expected prices bascd on past prices, and
current demands and currcnt prices adjunt o that the ratesof growt!
in suoplies equa! thouse for demand,

Producer Revenue - Demander Expenditurc Linkage: A characteristic

which distinguishes SAT aariculture from more commercialized agriculture
Is that a substantial part of production Is consumed by the farmers
themsclves. This implics an additional link between supply and demand
beyond those through market prices since the total expenditure of
demsnders depends in considerable part on the revenues of producers. To
capture this link we posit that total expenditures in the demand

system depend on the weighted sum of the value of SAT production of the



six supply comodities in the B8Q supply system (i§;P;) minus expendi-
tures on fert!lizer (S7P7) plus other net expenditures (Y,) which are

Independent of price and quantity movements for the commodities of

13
concern:
6
(‘O) Yo CKI{.‘SiPi - ..D?p?) 4 Yo

The components of Yo may include some components of buth farm and nonfarm
net Income generation and wavings activity. Bul a substantial proportion
of SAT economic activity may be related to the value of production of

the farm commoditlie« throunh the impact on related «crvice and transpart
sctivities, which implics a2 value of ¢ greater than one. On the other
hand, the first right=side crpression in relation {10) is an overstate-
ment of expenditure from SAY agricultural production to the extent that
other non-fertilizer inputs and savings are not decucted from the gross
value of production, which implies 8 value of ¢ below one ceterls paribus
In the Phase | model we assume that the net impact of these considera-
iloﬂ can be represented by the following approximation at the margin:

[

(10A) 9 i Yo
cyu- .QFQE

We use & base value of ¢ = 0,&, but explore the ~ensitivity of our

results to changes in this \aluc.‘h
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Section 2. Simulation Prg;ett and Examples of interactions
anE“Bynamics

o MWe now turn to some basic monstochastic simulations to illustrate
some of the features of the Phase | mode!l prior to the exploration of
various scenarios in the next section. By way of introduction we
first bSriefly summarize the functioning of the mode! and the simula-
tion procedure, and then discuss interactions and dynamlics.

Mode! Summary: The rmodel of the previous wection can be briefly

summoar ived as follows. 1o 3 glven year thore is an exogenous block
of variables, two tccni ive blocks and o vimultancous block:

txogenous Block .  The exogenous varisbleinclude four prices {i.e

faor fertilizers, labor, other commoditien supplied, and other
commodities demanded), the other five variables that enter into
the supply system {i.e. raln, high-yiclding varieties, road
density, regulated marketl density, and irrigation), the exngenous
part of expenditure (Yo), and the values of the disturbance

terms in U and V (all set equal to theiv meon values of zero

for nonstochastic «imulations). In addition all of the elasti-
cities inﬂ relations (2) and (5) are assumed to be given by the
values in Tables 1 and 2, and ¢ in relation (10A) is set equal

to 0.6

Recursive Bloch 1: The current expected prices for the 6 output

commodities supplied (Pf) are determined from lagged farm prices

(P, _y P, _,) as irdicated in relations (3).

Recursive Block 2: The current guantitics supplied of the 6

commodities in S and of fertilizer input demanded are determined



ozz.

., by the current expected prices (P:L by the previous year's
quent ities and relations (2).

$imultaneous Block: Given the current quantities supplied,

relations (5), (68), and (10A) determine «imultancously the

current prices for cact ot the six agricultural commodilies

('l) and total expenditurc on all consumption (Y). .
Clven the results for one peiiod, the model can be solved for subsequent
p.flodl, using lagged prices from the previous pering solutions for thre
next year'. Recursive Block 1, ctc.

Mode! Solution: The Pha<e | model is quite vimple in structure,

with the variables entering in linearly. Thercfore cven the most
complicated part, the Simultancous Block, could be wolved for prices
explicitly by inverting a 6 » { parameter matri». However, instead

we ;to an iteroctlQﬁ Gauss-Scidel procedure since future model phases
wfll have nonlinearities, the algorithm input is straight forward which
lessers the possibility of programming error, the algorithm §s quite
quick, and the output permits ¢ lear numerical and graphical inter-

5

pretation of the simulation rewults. For our «cenario simulations
we use as a reference point our base simulations with the model
structure as indicated above, ond then indicate how the hypothesized

change In cach scenario chango - the endogenous variables from their

base value time paths.
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Teble 2. Commidity demand clasticities for rural iIndian Vo
sxpenditure groups

Demand etasticities of commodities

Superior Sorghum Other Ffdible Pulses Other

cereals cereals oil commo -
ditées

With respect to price of:
Superlor cercals -.9% .20 .5y  -.38  -.20 -.20
Sorghum - 0k -.39 - Q07 - -. 03 -.03
Other cereals .07 .01 -;gg -2 -.07 -.06
. Edible 011 -, 03 -.01 -.01 -.62 .03 -.00
Pulses - .01 -.00 -.M L0k ~;§z -. 00
Other commodities -, 0 -.0? -.08 01 .ot -.88

———

With respect 1o total
uﬁ!!turn 1.06 .20 .54 1.12 1.1k 1.16

Source: Nasse cxpenditure system ostimates for sccond lowest expenditure
class from unpublished data in work summarirzcd in MR,
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Simglations for Scenario Analyses

1.+ Rain Effects: Focu- on diffgrential impact on crops, dynamic impect
over time, and opact of sustained versus one year drought.

1A, One standard doviatlon shortfall in rainfall in year |
18. One standard teviation shortfall In rainfall In years 1-3

2. Productivity Increases: Focus on interaction among crops, dynamic
paths, and offsetting response. duc to damped prices,

2A. S-shaped improvement In sorghum productivity of about
103 in five vears (1.e. for sormhum In relation (1)
add 1L in yrar ¥, 3% in year 2, 77 in year 3, 9% In
year b, and 100 thereafter).

28. 102 sustained increase In use of high yielding varieties
{given their historical composition among crops).

3. Infrastructure Development: Focus oo returns, differential impact
among crops, and dynamic effects of 107 Improvements In:

JA. Road density
3B. Requlated market density

3C. drrigation

k., Marhet and Related Policy changes: focu. on differential Impact
among crops, indirect effects, and dynamic effects of:

kA, 10% sustained increase In fertilizer price

8. 107 sustainet incredse In agricultural wages

L. One period Liversion of 27 of supply to private
, . R rn———
speculative “tocks for superior cereals

Lp. One perind divarsion of 2% of «upply to Privatc
speculative vtocks for all cereals,

4E. Sustained price floor for supcrior crops (with endogenous
additive teres In relation 6B to indicate how much addi-
tional qovernment stock acquisitions would be needed).

LF. Sustained piice floor for all cereals

bG. Shortage of fertilizer at fixed price (make 'shadow'
price of fertilizer endogenous, aiven fixed quantity,
and calculate rents to those who receive fertilizer).
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6§, Sensltivity Analysis: Expiore how results «f some particular simula-
tiorm. {egq. 7*. 3¢, LA) depend on alternative assumptions regarding

.S‘. Own price supply clasticities for ~orghom, oilveeds, and
fertilizer.

SB. Role of SAT crop income in determication of S/T total
expenditure (ie. value of ¢ in relation 10A).

5C. Whether or not supcrior gralns and nilserds - edible oil
SAT markets arc well integrated into all-india markets.



.27 -

llu prefer the normalized quadratic estimates over the generalized
leonticf form becausc in the latter the own price clasticities are
callulated as residuals and therefore incorporate the total effects
of all biases in the systcm estimates. Sec BB, pp.11-12.

zlu subsequent phascs of our model work we will use the underlying
structural relations which imply changing elasticitios, but for simpli-
city in the present case we focus on the elusticities st the points

of sample means.

lks BBQ note, perhaps tor this reason their system cstimates reject

the symmetry constraint Jerived from profit maximization under the
assumpt ion that there are no specification crrors (broadly construed).
But as they also note, whatover the resson for the rejection of the
symmetry constraint, the estimated systems of output supply and input
demend are useful so long as the underlying behavioral and technologi-
cal relations are sutficiently stable,

‘Aa alternative set of estimutes also developed by a former ICRISAT

staff member and collaborator is available in Swamy and Binswsnger. In
future work we may explore the sensitivity of the ximulutiomsto use of
these alternative estimates.

Work is still underway by MK, Future extensions may include estimates
based solely on the SAT arca,

PActually MR have 15 commodities but we aggregate them to make thoem us
rable as possible with the first five categories of BBQ and include
all of the other items in 'y study in demund category six.

7NR show how incomc <hi!i. ..un slter the wypregate clacticities based on

their cstimates for tive caenditure categories for rural India and five
categories for urban India.

aTo satisfy the convexity .unditions, MR impose the restriction ;hut non-
food groups are additively separable, thus reductng this part of the
model to a linear expenditure system,

91his expenditure group is K-13, 1961-62 Rs per household per month (or
about X to Y 1981 Rs per household per month).

loln subsequent phases of our model work we will usc the underlying
structural estimates, which {mply changing elasticities, and the
estimates from other expenditure groups.
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lllhlchuof course, are negative if exports exceed imports.

12ln subsequent work we may eaplore if these price differentials are
relsted to changing transportation and market systems, interest charges,
fuel gosts, etc over time.

lsﬂoto that we value ali production at sarket prices even though some of
it is consumed on the farm without entering the murket. The question
of whether all or only the murhoeted proportion of production should be
valued at market prices undcrlay a debate of some years sgo regarding
indirect measures of the pi:ve clasticity of the markcted surplus betwee
Krishna snd Behrman, 196t¢. .

x‘llttllting the empirical vuluc of ¢ i3 not casy because of possidble SAT
Bacroeconomic multiplier cffects, otc. We may be ahle to estimste ¢ mor
satisfactorily, nevertheless, in future work.

lsthc simulation program was wiitten originally by Morrs Norman at the
University of Pennsylvaniua. 1t has been tested crtencively and used
for s wide variety of problen. (eg. exploring macrocconomic and foreign
$eCtor pulicies in a developing economy in Behrman 1976 and 1976b,
investigating the UNCTAD intcernational commodity program and the impact
of commodity fluctuations ondeveloping countries in Behrmam 1977a and
Adams and Behrman 1981, and studying the impact of human capital invest-
sents and demographic changes on income distribution in a developing
country in Behrman, Wolfe, and Blau 1981 and ®elie, Bechrman and Blau
1982).
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