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SCERARIC ANALYSIS QF IMPACTS OF UHARGED IN TFUHNULOGY,
FERTILIZER PRICES, HIGHWAYS, LABOR MARKYTS,
CORSUMPTION EXPENDITURE, RAINFALL AND PRICE POLICY
FOR SEMI-ARID TROPICAL CROP MARKETS

J.R. Bebrman and K.N. Murty®

A major purpose of ICRISAT i{s to develop nev technologies and procedures
wvhich wi{ll increase the productirvity of the five mandate BAT crops (sorghum,
pearl millet, pigemmpeas, chickpeas and groundnuts) under a variety of
environmental conditions. But a productivity change for a particular crop
may have important impacts not only on production of that crop, dbut also
on its market price and on the income and therefore the expenditure of {ts
producers. Moreover it may have impact on other crops by f{nducing shiftn
in land and other resources among crops and, through induced price changes
of these other crops in addition to that in the price of the original crop,
bty isducing shifts in demand patterns. PFurthermore the productivity change
for the original crop may induce shifts in demands for inputs like hired
leador and fertilizers, vith possidble repercussaions on their availabili+lr-
and prices. Pinally, all of these chankes dt:.pot necessarily occur in the
crop year in which the original productivity change is introdtced, butl muy
occur wvith complex patterns of lags and feedbacks due to the time required
for sdjustment and'formation of expected prices.

Buch & process is complieated indeed. Tc understand it well requiren
good knowledge of the technical and behavioral considerations that under..»
s\Wpply and demand, and hov they interact over time. BSuch knowledge must
inclwde not only the directions of direct and induced responses, but alec
their megnitude and timing.

{9 Professor of Ecanomics at the University of Pennsylvania and
Consultant st the Economics Program of ICRISAT., Murty is an Economist at
the Rconamics Program of ICRIBAT.



To help understand the nature of the impact of changes in SAT mandat:.
erop productivity as well as of a numder of other possible interesting
changes some of vhich are noted belov, ve have been developing s model f
supply and demand in SAT agriculture. This model can be used to simulate
altermstive hypothetical scenarios and thereby to investigate the nature
of effects induced by ICRISAT mandate crop productivity changes and other
changes. In this paper ve present the critical elements of the Phase [
version of this model and explore several {llustrative scenarios, using SAT
India as an eapirical example. Thereby we hope both to provide an {llust;:-
tion of the uses and limitations of this tool and to solicit comments and
suggestions regarding the ongoing development of this model.

Bection 1 briefly presents the structure of the model and describes
the empirical dases for its parametrization. BSection 2 gives some examplen
of the nature of interactions among crops and of dynamic Srnpm-u within
this aytem. Bection 3 considers simulations of system-wide responses to s
variety of scensrios of changes in productivity, feruui'er prices, highvay
infrastructure, labor market conditioms, total couluqnign expenditure,
rainfall, asd price policy.

Section 1. Sui2 v and Demand Market Model for ICRIBAT Mandate
n SAT India

Modeling dy definition requires sbstraction from the coélexity of reality

in order to focus on the essential elements of the phenamenon under inves-
tigation. In empirical spplication often further abstractions of theore-
tical models are required due to unavailability of certain data. In our
modeling ve' work vith basic supply and demand funetions 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 ocutput supply and factor demand for SAT Indis by Bapna,
Binsvanger and Quizon (hereafter BBQ). Ve summarize their approach and
estimates and our use of them. For more details concerning these estimates
see BBQ.




The data base for these estimates was sssembled for 93 districta
in the four states of Tamil Nedu, Karnateka, Andhra Pradesh and Madhya
Pradesh for the years 1955/56 through 1973/74 by ICRISAT. These data
cover 22 principal crops, including all 5 of the ICRISAT mandate crops:

Two superior cereals H

Six coarse cereals H

8ix pulses

Four oilseeds :

Four other crops

For some purposes the districts
regions on the basis of average

rice, vheat.

sorghum (jovar), pearl millet
(vajra), maize, finger millet (ragi),
kudon and kutki{ (xodo and dbarnycod
millets), and other minor millets.

chickpea (bengal gram), pigeonpea
(tur or red gram), green gram (mung),
black gram (urad), horsegram (kulthi),
and other pulses.

groundnuts, sesamum, castorbean,
linseed.

sugarcane, cotton, tobacco, chillies.

are aggregated into 17 agroclimatic sudb-

annual rainfall, percent of gross cropped

aree im;nied and cropping pattern of dominant crops.

These data were used to estimate six output supply-factor demand
systems, with the differences among them depending on the extent of geo-
graphical coverage (for example estimates were made separately for thene
areas in vhich rice and for those in vhich vheat is the dominant superior
cereal) and the level of aggregation of crops. For our Phase 1 model wve
use the BBQ "A" estimates, vhich cover their entire SBAT region with six

output commodities:

1. Wheat and rice are aggregsted into superior cereals since
one or the other (but not both) are produced in each of
their agroclimatic sudregions.

2. Bore.m is grown in virtually all subregions and there-
fore treated as a separate commodity.

3. The other five coarse cereals each are cultivated much
less brosdly and therefore are aggregated into other

coarse cereals.



L. The pulses are treated as a single aggregate for the
same reason.

5. Ollseeds are treated as a single aggregate for the
same reason.

6. The r crops are the four noted above in this cate-

gory. They share the characteristice of requiring

relatively high levels of purchased inputs in comparison

to most food crops, being produced largely by market

oriented producers, and (except for chillies) largely

being processed in separate processing industries

before being consumed.
The only varisble input for which data permitted the estimation of a
separate input demand system is fertilizers, as measured in tons of
nutrients of N, P?OS' and K?O. Labor demand is not estimated due to a
lack of data, but the effect of wage rates (as represented by daily male
vage rates for standard eight hour days) is incorpornte@. Consistent
data could not be found, however, for the quantities or the prices of
other standard inputs (eg. bullocks). Five additional variadles also

vere included:
1. Rainfall.

2. Extent of use of high yieldin: varieties of rice, vheat,
sorghum, pearl millet and maize as proportion of total
cropped area.

3. Road density in km/km? which BBQ suggest is their best
measure of market access.

L. Regulated market densitw in number/1000 km’ which BBQ
suggest measures government assistance to the marketing

process (and not market access since there are a number
of unregulated markets).

5. Extent of irri--tion as proportion of cropped area.

The basic output supply~factor demand models for one observation

can be represented in vector notation as:

(1) s = £ (PE, x, V)



vhere § {s a seven elemant vector of quantities, including
the output supplies of each of the six commodities
defined above and the input demanded of fertilizer.

P” 18 a six element vector of expected prices at the
time of production deciaions with one element cor-
responding to each element of S.

X is a seven element \jector including fertiliaer
price, wage rate and the five additional variables
noted atove.

U is s seven element vector of stochastic terms to
represent unobserved factors, one for each of the
elements of S.

th crop supply (or factor demand),

which ve approximate below, is in growth rate form:

An equivalent representation for the {

(2) éi z !s P PE 1Fﬁix’ g Eﬂ,u1 u

i
where the standard convention is used that a dot above a varisble
means the growth rate (% = 32/2);

Ey, 1s the elasticity of Y with reapect to 2 (= (3Y/Y)/
(32/2)); and subscripts { and J refer to elements In
the indicated vector.

This relation states that the growth rate of the 1th crop's oytput supply
(or input factor demand) is a weighted average of the growth rates of ui!
expected prices (PB). all of the additional variables (x ), and the distur-
bance (U ), with the veights being the respective output (or factor input)
eluticitiel. 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 dep;nd on the
overall configuration of output supplies and input demands, which in turn
depend on the overall configuration of expected prices and other variables.

BBQ 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 relations




since the output of any one crop (or the demand for any one input) depends
on all expected price ratios since substitution of land, ladbor and other
inputs may occur among the crops. The systemic spproach (as opposed to

the more common slternative of estimating relations for each crop separately)
has the advantage of assuring consistency of the estimated substitution
possibilities (ie. the implied sudbstitution between crop i and crop ) is
the same vhether vieved from the point of view of crop ir or of crop J), of
alloving testing of wvhether or not the estimated description of behavior is
consistent wvith underlying profit (or net revenue) maximization by farmers,
snd of allowing cross crops (or input) associations in the unobserved dis-
turbance terms. BBQ also "gained the impression that elasticities of
individual commodities ... estimated in a system context are more stable
and more in line with a priori expectstions than single equation estimates.”
(p. ).

These advantages over the usual single equation spproach seem to be
quite considerable. But, as alvays, they are purchased at a cost. In this
case the cost relates to the added data requirements (tﬁhce observations on
each commodity are required for each geographical unit in each time period),
the related ';rnter aggregation so that in fact each cMity is produced
in each geographic unit in each time period {which explqins vhy BBQ aggregate
to the six commodities above to insure some production of each commodity in
each observation even though every crop is not produced in every geographi-
cal unit), the greater computational complexities and costs, and the need to
impose scme uniformities that may not exist in reality (eg. they impose the
same lag structure on all past prices in forming their expected prices, bdut
there may be asymmetries among crops in adjustment possidilities so that
real world lags are different). Though these costs are not negligible,
they certainly are outveighed from our view point by the advantages of the
systemic approach (particularly since not we, but BBQ, have borne the data
collection sand computational costs).

To estimate the parameters of relation (1) which underlie the
elasticities in relation (2) some specific functional forms must be used.



for relation (1). BBQ derive functional forms from generalized Lmontict « .
normalized quadratic profit fuﬁctims. Also same explicotit assumption sl
expected price formulation {s required. After experiments with varioun i7¢
structures, BBQ adopted the foliowing uniform specification for all exper:
crop prices:

(3) Pf ~0m P, _ +o0.29%
il

-1 1,-2
vhere P, {s the actual price of the th crops (or {nput) and the sub-

scripts -1 and -2 refer to lags of one and tvo years, respec-
tively.

Finally, an assumption is required about the nature of the disturbance terms,

U. BBQ assume that the disturbance for the i"h crop (input) in the tth period

in a particular district can be decomposed into three independent normally

distributed components: one vhich is common across the districts in the awme

agroclimatic subregion for that crop, a second which is common over time withe

in that district for that crop, and a third which is independent of the din-

turbances for other time periods, districts, and crops.

Under these specific assumptions about the functional form of relaticn
(1), BBQ obtain system estimates of the parameters vhich underlie the einuti-
cities in relation (2) on the bases of pooled time series (17 years, afte:
are lost due to the lag structure in relation 3) and cross-section (X ai:
tricts, after some are deleted because they do not seem to fall into Lhe AT
classification) data. The combiration of cross-section snd time series dn'c

permit added precision in the estimates.

Table 1 sumarizes the implied elasticities at the points of uample
means for the normalized quadratic tyﬂ..1 We use these elasticities for
our Phase I simuletion model under the assumption that the elasticities
in relation (2) can be considered to be approximately comumt.e The
elasticities imply a number of significant cross-crop effects in that 1k
of the cross price elasticities are based on significantly nonzero
coefficients estimates at least at the 10% level. They also imply some

1. We prefer the normalized quadratic estimates over the generalized lLeontief
form because in the latter the own price elasticities are calculated as resi-
duals and therefore incorporste the total effects of all biases in the system
estimates. See BBQ, pp. 1l1-12.

2. In subsequent phases of our model work we vill use the underlying struc-
tural relstions which imply changing elssticities, btut for simplicity in the
present case wve focus on the elasticities at the points of sample means.
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otber interesting significant patterns: increased vage rates reduce product:on
of sorghum and pulses; incressed rain causes a shift from sorghum to pulser
and superior cereals; spread of high-yielding varieties causes a shift froo
sorghum and other coarse cereals to superior cereals and the other crop cu'e-
gory and increased fertilizer demand; increased road denaity causes & shif:
from pulses and oilseeds to superior cereals and the other crop category «

an increase in fertilizer demand, presumably all due to the improved marke
access; increased regulated market denaity causes a shift from oflaeeds t.
superior cereals and the other coarse grains category and an expansiocn of
fertilizer demand; and increased irrigation causes expansion of superior
cereals and of oilseeds vith no significant impact on other crops nor on for
tilizser demand.

But some of the elasticities based on insignificant coefficient eat!.
mates have a prior! peculiar signs -- in particular, the own price elastjci.
ties for the other coarse cereals and for oilseeds, both of which are negn.
tivo.3 8ince such signs may cause distortioms in the simulations nnd since
the underlying coefficient estimates are not significantly different from
zerc at the 10% level, in our Phase I model we set equal to zero all elast.-
cities for which the underlying coefficient estimates are not significantiy
different from zero at the 101 level.

However, in three cases {ie. sorghum, groundnuts, fertilizer) the {uaig-
nificant own price elasticities neem to reflect the aggregation of agronomic
subregions in which rice {s the docminant superior cereal alternative together
with ones in which vheat {# the doninant superior cereal alternative. With
grester disaggregation the parameters underlying these own price elasticities
are ai;nificmily ponzerc at least at the 5% level. Therefore as one variant
of the Phase I model we consider similations in which the arithmetic average
of significant own price elasticities from the estimates based on geographical
diseggregation betveen wheat domirant and rice dominant SAT are umed for these
three commodities: sorghum (.62), oilseeds (.23), and fertilizer (-.k5).

3. As BRQ note, perhaps for this reason their system estimates reject the
symmetry constraint derived from profit maximization under the assumption that
there are no specification errors (brosdly comstrued). But as they also note,
whatever tbe reason for the rejection of the symmsetry constraint, the estimated
systems of output supply end input demand are useful so long as the underlying
behavioral and technological relations are sufficiently stable.
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Demand: We use estimates for the demand side based on the careini
study of systems of demand for low-income rural Indians by Murty and kudhs-
krishna (MR). These estimates have parallel systemstic advantages [and -v:'s;
a8 40 the supply estimates described sbove. In addition they have aavantages
over available alternatives of permitting focus on a rural {ncome group st
approximately the SAT level (see below), of satisfying the convexity conditions
implied by theory, of permitting approximately a comparable level of aggregan-
tion es on the wpply side, and of being very familiar to one of the present

authors. PFor more detsils concerning these estimates see Mﬂ.h‘s

The data base for the MR estimates (s & pooled time series of cress
section estimates fram the National Sample Survey Organization {NSSO) for
1950-51 through 1970-T1 {rounds 2 through 25). These data permit a hier-
archical approach in vhich pystems of demand equations for more aggregate
commodities first are estimated, and then these broader u@regates are decom-
posed into components on a level of aggregation approximatply comparable o
those used in the supply estimates above.

1. Sw-erdor cereals.

2. Sorghwm.

5. Edible oils.

6. Other items.

The differences between this disaggregation and that used for 8upply are
three. First, the other category i3 much different since it includes itens
like clothing, fuel and light, and other non-food goods. Therefore, we do
got assume that the sixth category of supply equals the sixth category of
demand to determine an endogenous price below. Second, the fifth category
on the demand side 1s the processed counterpart to the fifth category on the

4. An alternative set of estimates also developed by a former ICRISAT staff
wember and collaborator is available ir Swamy and Binswanger. In future work
ve may explore the sensitivity of the simulations to use of these alternative
estimates.

S. Work is still undervay by MR. Future extensions may include estimates
based solely on the SAT area.

6. Actually MR have 15 commodities but we aggregste them to make them as
comparable as possidle with the first five cstegories of HBQ and include all
of the other items in MR's study in demand category six.




supply side, with the extent cof off-farm processing probably connideraliy
greater in the case of this commodity than for the first four commoditier.
Third, in the MR demand system chickpeas ure included in category four
instead of in category three as in the HBQ supply system.

The basic demand or expenditure system model for oue observation
can be represented in vector notation as:
(8) D =g (P, ¥, V)
vhere D is a Bix element vactor of quantities demanded for the
commodities defined above,
PD is a six element vector of prices faced by consumers
wvith one element corresponding to each element of D.

Y {8 total expenditure,

V 15 a six element vector of stochastic terms to
represent uncbaserved factors, one for esch of the
elementa of D.

h

An equivalent representation for the 1‘; comsodity demand, which we approxi-

mate below, is the growth rate form:

6
(S)I')‘- FT)PDP.DO} Y’LDV

Where the conventions defined below relation (?) are used. This reintiun
states that the growth rate of the demand for the ith comodxty i n welghted
average of the grovth rates of all prices faced by demanders (P )y of expen-
diture (Y), and of the disturbance (v ), wvith the weights bolnu the respertive
demand elasticities. These elutlcitiea incorporate the underlying behn-
vioral responses and the aggregation acrosc individual households. In
general the elasticities are not constant, but depend upon the overall con-
figuration of market prices, expenditure, and the distribution of purchasing
pover.1 To estimate the psrameters of relation (4) which underlie the elas-
ticities in relation (5), some specific functional forms must be used.

T. MR shov hov income shifts can alter the sggregate elasticities based on
their estimates for five expenditure categories for rural India and five
categories for urban India.



-12 -

MR utilize the Nasse generalization of the linear expenditure system

which allows nonsdditivity in the underlying utility mnction.e In order
to overcome the linear expenditure effects implied by this model, they
subdivide the sample into five (deflated or real) expenditure groups for
rurel areas and five for urban aress. They sllov for cross equation
correlations in the elaments of the disturbance vector (V) by using a
generalized least squares estimator. Under these assumptions, MR obtain
paximm likehood estimates of relation (L) for each of the 10 real expendi-
ture groups using pooled time series-cross section NSSO data.

For the Phase I model we utilize the MR estimates for the second
{lowest) expenditure category in the rural sample under the assumption that
these best approximate expenditure levels for the commodities of concern for
BAT mu..9 We also assume that the elasticities calculated at the sample
moans for this expenditure group can be considered ippraﬂnntely constant .
Table 2 gives these estimated elasticities, vhich have several interesting

3

10

patterns.

First, all of the own price elasticities are negative, as theory
suggests should be the case for normal goods. But those for nox:éhum (~-.39)
and to lesser extent far edible oils (-.62) indicate lub‘tmtially less
direct owvn-price response than for the other four categories (-.88 tc -.98),
which are almost unitary.

Second, there are some fairly large price effects, doth positive and
negative, but primarily involving superior cereals. For this reason using
a system of demand relations i{s important for analysis of various
scenarios. For example, a 10% increase in the price of superior cereals
implies increases of 5% and 2% respectively in quantities demanded of other
coarse cereals and of sorghum, and decreases of -3.8%f for edidble oils and
of -2% of both pulses and all other commodities. The only other cross-price
elasticity even half as large in absolute value as the smallest of these
8. To satisfy the convexity conditions, MR impose the restriction that non-
food groups are additively separable, thus reducing this part of the model to
a linear expenditure system. )
9. This expenditure group is 8-13, 1961-62 rupees per household per month
(or about X to Y 1981 rupees per household per month).
10. In sudbsequent phases of our model work ve will use the underlying struc-

tural estimates, vhich imply changing elasticities, and the estimates from
other expenditure groups.
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Table 2. Commodity demand elasticities for rural Indian low-expenditure
groups

Demand ejasticities of commodities

Mher
Superior Other Edible
cereals COTEMIB L a1s PUlSEs "0 gi):l;m-
ien
With respect to
price of:
Superior cereals -.95 .20 .53 -.20 -.38 -.19
Sorghum -.0h -.39 ~.02 -.03 ~-.0% -.03
Other cereals .07 .0 -.98 -.07 -.12 -.06
?MLSU} : -.01 -.00 -.01 .89 O =00
AN
€anle o -.03 -.01 -.01 03 .62 -.00
Other commodities -.09 -, 02 - 0% .01 .0 - BH
With respect -to total )
expenditures: 1.06 .20 .54 1.1k 1.17 1,10

Source: Nasse expenditure system estimates for second lovest expenaiture
class from unpublished data in work summarized in MR.
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for superior cereals is the respouse of -1.2% ip edidle oil demand to &
105 increase in the price of other cereals.

Third, the expenditure elasticities vary consideradbly, with those
for sorghmm (.20) and for other coarse cereals (.54) being relatively
irresponsive. In contrast, the expenditure elasticities for the other
four categories all are slightly above unity (1.06 to 1.16). Thus, as
income and expenditure increase, ceteris paribus, there is the well-known
shift in expenditure shares sway from sorghum and other coarse cereals to
the other food and nonfood categories.

uct uals Absorption Identity: For the 1'® commodity in
SAT agriculture the total supply is SAT production (8 ) Plus net imports
into SAT (K ). 1 the total absorption includes dennnd- for current human
consumption (D }, for current livestock consumption (L ), for seed
reserves (R ). and for changes in inventcries held by producers (AI ),
consumers (AI ) market wholesalers and retailers (AI ) and by pubnc
authorities (AI ). In addition, there is significant vume (w ), inclu-
ding spoilage nnd loss to insects and other animals. Totu.l product.ion
equals total absorption.

P c M G
(6) 8y ¢ M, = D.+L, + Ry ¢ A, + AT ¢ AT + AT # W,

In principle, all of the componente of supply and nbl&ptton indicated in
relation (6) may be responsive to actual and/or expected prices of SAT
comaodities. If their responses differ, the compositi{on of beth supply
and demand may change as prices (or expected prices) change.

In practice, unfortunately, data are not svailable with which we can
estimate the market responsiveness of most of these components. Therefore,
we assume for our basic Phase I simulation model that the sum of net
exports, livestock use, seed reserves, producer stock changes, and wastage
is proportional to supply for the first five commodity groups:

P
(7)-xax-r.iutiuuiowi.m1

Likevise, for these commodity groups, we assume that the sum of other
(ie. non-producer) inventory changes is proportiocnal to demand:

c G
(8) Wb, = AI + AT} + aT{

11. Which, of course, are negative if exports exteed imports.



Under these umipelonn. relaticn (6) may be rewritten as:

(6a) (1-0)8‘ - (m,)ni

o0 that:
(68) éx - 1’)i

And, of course, relstion {6B) can be utilized with relstion (2) substitut..
in the left-hand side and vith relation (5) substituted in the right-huid
side, vhich ties the production equals abaorptian identity of relation 't)
directly back to the discussion above about supply and demand systems.
Three points about our use of relation (6B) must be emphasized:

Firast, we use relation (6B) as the basis for our basic simulation in
the Phase I model becsuse ve are unable to observe most of the other quan-
tities in the production equals absorption identity of relation (€), ilun-
ever, one of the beauties of the simulation approach {s that, although we
cannot observe these items, ve can explore vith simulations the impact of
nonproportional behavior in these other {tems. For example, suppone -- in
contrast to relation (8) — that stocks are accumulated by market wholesnlers
and ratailei-- more then proportionately due to speculative behavior. Gay,
for example, that this extra accumulstion equals 2% of total SAT mupply in
8 given year. We can explare the impact of such behavior on prices,
current demand, and future supplies by modifying (6B) so that:

(6c) 8 - .02 = D,

Likevise, the effects of an increase of 1% in supplies available for current
consumption from above normal government stockpile releases, added importn
etc. can be investigated by using:

(6ép) 8§, + .01 =D,
Second, the sssumption that net imports are proportional to supplies

probadly is a palatedle approximation for the first five commodities. In
these cases, for the most part, net trade between SAT India and the rest of




India is fairly smsll relative to SAT production because of transportati~:
and marketing costs, reinforced at times by government food zone policie.
and other regulstions. And, of course, variations from this assumptiocn
can be explored as noted in the previous paragraph, or by assuming integr-
tion into the larger Indian market as discussed for the other commoditie-
in the next paragraph.

For the other three commodity supplies or demands in the model -- ‘iur
other crop supply category, fertilizer demand, and the other commodity
demand category -- we do not include both production and abdbsorption within
the model. We do not do sc because in these cases, integration into the
larger Indian market and/or government policies (particularly for fertili:«.
means that net imports are relatively large and variable in comparison t.
BAT production. In these cases we aspume that prices are set in the
larger Indian market outside of BAT or by government golicies, with behavi
in BAT responding to such prices. Thus we can explord, for example, the
effects of a policy induced change in the price of fertilizer on fertili..'
use, crop production, and commodity consumption within SAT. Of course, t .«
demand for fertilizer depends not only on the feniliibr price, but or ail
the prices end other variables in the supply and demand systems.

Third, one other advantage of working from the ruie of growth form »1
the production equals absorption identity in relation {6B) (or variants
thereof like 6C or 6D) is that we can easily combine supply ana demand sys-
tems estimated for somewhat different geographical aress. For example, the
BBQ supply system estimates and the MR demand system estimates are based on
overlapping, but not identical regions. For the Phase I model we resolve
this geographical discrepancy by using the BBQ quantity data for the SAT
region and using relations (5) and {6B) to gemerate changes in demand from
& base proporticnal to the BBQ quantity data.

Supply and Demand Price Relations: We have discussed how prices are
determined outside of the Phase I model for the other crops supply category,

for fertilisers, and for the other commodity demand category. But for the
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other five commodities on the supply side there are expected prices

(l’l) based on actual supply prices (P ) as indicated in relation {3)

tnd prices vhich consumers pay on me demand side (P ). The prices
vhich consumers pay differ from those wvhich farmers rocelv- due to Lrans-
portation, marketing, and processing costs ('i)‘ vhich differ from crop
to crop:

D
(9) P = o, P

For our Phase I model we assume that these factors of proportionality
o
ure constant for each commodity {not across N.Oﬂiti.l)h 80 that:

CD .
(98) P, = P,

With the added assumption that the pricea of the firat five commod{ty
groups adjust within each year to clear approximately the individual
markets, the Phase I model solves for theae prices as follows., In a
given year the expected fars prices are based on known previous year
prices as given by relation (3). These expected prices, together with
the other given variables in relations (2), determine the rates of growth
of supplien'or each of the commodities through relations {2). This fixes
for that year the left-hand side of relations (6B). By substituting
relstions (9A) into the rate of growth in demand in relations (5) and
substituting the resulting relations into the right-hand side of relationn
(9A), & system of expressions is obtained in which the rates of changesn of
the prices are the only unkpowns. This system can be solved for these
prices. In this process current quantities supplied are given by responses
to expected prices based on past prices, and current demands and current
prices adjust so that the ratees of growth in supplies equal those for
demand .

Producer Revenue - Dempnder Expenditure Linkage: A characteristic

wvhich distinguishes SAT agriculture from more commercialized agriculture is
that a substantial part of production is consumed by the farmers themselves.
This implies an additional 1link between supply and demsnd beyond those
12. In subsequent work ve may explore if these price differentials are

related to changing transportation and market systems, interest charges, fuel
costs, etc. over time.
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through market prices since the total expenditure of demanders 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 commodities
in the BBQ supply system (13 ) minus expenditures on fertilizer (S P )
plus other net expenditures (Y )} which are independent of price and quan-

tity movements for the ccnodiuu of concern: 13

6

(10) Y » ¢~ (151 8P, - s.,P,{) ‘Y
The components of 'lO may include some components of both farm and nonfarm
net income generation and savings activity. But a substantial proportion
of SAT economic activity may be related to the value of production of the
farm commodities through the impact on related servicef/and transport
activities, which implies & value of c” greater than §ne. On the other
hand, the first right-side expression in relation (10)5;19 an overstatement
of expenditure fram BAT agricultural production to the extent that other
non-fertiliger inputs and savings are not deducted frc. the gross value of
production, which implies a value of c” below one, cetgris paribus. In
the Phase I model ve assume that the net impact of these considerations car
be represented by the folloving approximation at the margin:

(ma)i-chio

6
vhere Z= [ P S - P
ooy T8 Py

We use a base value of c = 0.6, but explore the sensitivity of our resuits
to changes in this ulue. b

13. BHNote that we value all production at market prices even though some of
it is consumed on the farm vithout entering the market. The question of
whether all or only the marketed proportion of production should be valued
at marked prices underlay s debate of some years ago regarding indirect
measures of the price elasticity of the marketed surplus between Kriahna
1965 and Behrman 1966.

1k, Estimating the empirical value of ¢ is not easy because of possible
SAT macroeconomic multiplier effects, etc. We may be adle to estimate ¢
more satisfactorily, nevertheless, in future work.




tion 2. 8 ation ens Ex e of Interactions
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We nov turn to some basic nonstochastic simulations to {llustrate some of
the features of the Phase I model prior to the exploration of varjoun
scenarios in the next section. By way of introduction we first Lriefly
susmarize the functioning of the model and the simulation procedure, wid
then discuss interactions and dynamics.

Model Summary: The model of the previous section can be briefly
summarized as follows. In a given year there i3 an exogenoues block of

variables, two recursive blocks and a simultanecus dblock:

Exogenous Block: The exogenous variables include four prices
(ie. for fertilfzers, labor, other commodities supplied, and
other commodities demanded), the cther five variables that enter
into the supply system (ie. rain, high yielding varieties, road
density, regulated market denaity, and lrrigation). the exogenoun
part of expenditure (Yo), and the values of the disturbance terms
in U and V (all set equal to their mean values of zerc for nan-
stochastic simulations). In addition all of the elasticities in
relations (2) and (5) are assumed to be given by the values in
Tables 1 and 2, and ¢ in relation {10A) 18 et equal to 0.6,

Recursive Block 1: The current expected prices for the & cutput
commodities supplied (P'f) are determined from lagged farm prircen

(Pi.-l. Pi.-—2) as indicated in relations (3).

Recursive Block 2: The current quantities suppiled of the €
commodities in 5 and of fertilizer input demanded are determined
by the current expected prices (Pf). bty the previous year's
quantities and relations (2).

Simultaneous Block: Given the current quantities supplied,
relations (S), (6B), and (10A) determine simultanecusly the
current prices for each of the six agricultural commodities (Pi)
and total expenditures on all consumption (Y).
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Given the results for one period, the model can be solved for subsequer:
periods, using lagged prices from the previous period solutions for the
next year's Recursive Block 1, ete.

Model Solution: The Phase I model is quite simple in structure,
with the variables entering in linearly. Therefore, even the most camn’’
cated part, the Simultaneous Block, could dbe solved for prices explici
by inverting a 6 x 6 parameter matrix. Hovever, instead we use an iter:
Geuss-8eidel procedure since future model phases will have nonlinearitic:.,
the algorithm input is straight forward which lessens the possidility of
Programming error, the algorithm is quite quick, and the output permits o’
numerical and graphical interpretation of the simulation x-ezmlt'.s.l5
our scenario simulations ve use as a reference point our base simulations
with the model structure as indicated above, and then indicate how the
hypothesized change in each scenaric changes the endog@nous variables from
their base value time paths.

For

15. The simulation program was written originally by Morris Norman at the
University of Pennsylvania. It has been tested extensively and used for a
vide variety of problems (eg. exploring macroeconomic and foreign sector
policies in a developing economy in Behrman 1976 and 1976b, investigating
the UNCTAD international commodity program and the impact of commodity
fluctustions on developing countries in Behrman 1977a and Adams and

Behrman 1961, and studying the impact of human cepital investments and
demographic changes on income distribution in a developing country in
Behrman, Wolfe, and Blau 1981 and Wolfe, Behrman and Blau 1982).




Section 3. Sipulations for Scensario Analysis

1. Rain Effects: Focus on differential impact orn crops, dynamic impnact
over time, and impact of sustained versus one year drought.

1A. One standard deviation shortfall in rainfall in yvear )
1B. One standard deviation shortfall in rainfall in years 1-3

2. Productivity Increases: Focus on interaction among crops, dynamic
paths, and offsetting responses due to damped priceas,

2A. S-shaped improvement in sorghum productivity of about 107
in 5 years (ie. for sorghum in relation (1) add 1% in year
1, 3% in year 2, 7% in year 3, 9% in year 4, and 10% there-
after).

2B. 10% sustained increase in use of high ylelding varieties
(giver their nistorical componition among cropu,.

3. Infrastructure Development: Focus orn returna, differential impact among
crops, and dynamic effects of 10% {mprovements in:

3A. Road density
3B. Reguluted Market Density

3C. Irrigation

L. Market and Related Policy Changes: Focus on differential impect among
cropa, indirect effects, and dynamic effecte of:

LA. 10% austained increase in fertilirer price

UB. 10% sustained increase in agricultural wa.es

LC. One period diversion of 2. of supply to private
speculative stocks for superior cereals

4D. One period diversion of of supply to private
specultiave stocks for all cereals

LE. Sustained price floor for superior crops (with
endogenous additive term in relation 6B to
indicate how much additional government stock
acquisitions would be needed).

LF. Sustained price floor for all cereals.

4G. Shortage of fertilizer st fixed price (make
shadow' price of fertilizer endcgenous, given
fixed quantity, and calculate rents to those
vho receive fertilizer).

5. Sensitivity Analysis: Explore hov results of some particular simula-
tions .eg. 2A, 3C, LA) depend on alternative assumptions
regarding:

SA. Own price supply elasticities for sorghum, oilseeds,
and fertilizer.

SB. Role of SAT crop income in determination of SAT
total expenditure (ie. value of ¢ in relation 10A).

5C. Whether or not superior grains and oilseeds - edidble oil
SAT markets are well integrated into all-India markets.
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