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Market Impacts of Technological Change
for Sorghum in Indian Near-Subsistence

Agriculture

Jere R. Behrman and K. N. Murty

Evaluating market impacts of technological change for near-subsistence crops like
sorghum in semianid tropical India is tomplicated because of diversified agriculture,
geographically isolated markets, and therefore feedbacks through prices, and
producer-demander income links tor such products. Dynamic simulations with a
muhicommoflily market model suggest that increased sorghum productivity would have
spillover etfects on other markets, increase the wellare of sorghum consumers, and
probably lower the sorghum price. Contrary to speculations of some experts, the output
gain probably would be greater than the pure productivity effect despite the price decline
because of induced input allocations favoring sorghum production.
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The initial successes of the green revolution
were the '‘superior’” grains, like wheat and
rice, grown primarily in monoculture or near
monoculture in irrigated and relatively well-off
areas like the Punjab and usually with most of
the production traded in geographically well-
integrated markets. Emphasis subsequently
has shifted to exploration of technological
change for near-subsistence products like sor-
ghum and chickpeas that are grown largely in
diversified agriculture under rainfed condi-
tions in poorer areas like semiarid tropical
peninsular India, often with substantial pro-
portions of the production consumed by the
producers themselves and with the marketed
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surplus sold in geographically isolated mar-
kets. In his recent Kellogg Fiftieth Anniver-
sary Lecture, Nerlove observed that the pro-
fession has acquired substantial information
about the former type of crops, but large
lacunae in our knowledge remain for the latter.

Evaluation of the impact of technological
innovations on product markets is much more
complicated for products like sorghum in India
than for the superior grains because such
analysis must recognize the added com-
plexities of production, demand, and markets
for these crops.! The existence of diversified
production means that the supply/production
side of the market must be modeled to allow
substitution among various crops. The geo-
graphically isolated product markets mean
that output expansion of a particular crop due
to a technological innovation may cause the
price of that crop to fall, perhaps substantially,
which may discourage future output. Feed-
backs through product markets, moreover,
may cause changes in the prices for other
products that also are characterized by geo-

! In this paper emphasis is on product markets. Though impor-
tant changes also might occur in factor markets, inadequate data
preclude incorporation of many of the features of factor markets.

the imp of an alk labor.
markets.

However, the sensitivity analysis below includes uplondon of
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graphically isolated markets. Likewise, in-
duced shifts in input usage may affect input
prices that are determined in isolated markets,
with feedback effects on production of all local
products. Therefore, the modeling must in-
corporate the endogenous determination of all
of the prices that reflect the isolated nature of
the relevant markets. To do so, demand sys-
tems must be included that allow for substitu-
tion among the major demand categories in
response to the relative price changes. The
output demand systems also must incorporate
endogenous income effects sincé substantial
shares of the production of such crops often
are consumed by the producers themselves.
For the crop examined in this paper, for ex-
ample, about three quarters of the production
is consumed by the producers.

This paper considers the product market
impacts of a hypothetical technological inno-
vation for such a crop: sorghum in semiarid
tropical (SAT) India. Sorghum is one of the
five mandate crops of the International Crops
Research Institute for the Semi-Arid Tropics
(ICRISAT) located near Hyderabad in India.
Research at ICRISAT, in Indian research pro-
grams like AICRPDA and ICAR, or elsewhere
may lead to significant technological im-
provements in sorghum production. However,
some experts have expressed the fear that
technological innovation for sorghum in SAT
India would depress sorghum prices to such an
extent that farmers would shift away from sor-
ghum production enough so that there would
be little output gain. The purpose of this paper
is to explore this proposition and other related
market impacts of technological change for
such a crop. The method employed is to simu-
late the impact of a hypothetical technological
change in sorghum production with a market
model based on supply and demand systems
for SAT Indian agriculture, making explicit
assumptions regarding price determination.
Sensitivity analysis is undertaken to explore
the impact of several critical assumptions that
cannot be tested directly because of data in-
adequacies.

The Model

The approach of this investigation is to specify
a model of the relevant SAT Indian agriculture
markets and then to use this model to simulate
the impacts of a hypothetical improvement in
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sorghum production. The major components
of the model are discussed in turn.

Supply

The basic system output supply-factor de-
mand model for one observation is rep-
resented in vector notation as?

(1 S=fP* X, U)

where S is an m-element vector of quantities,
including the output supplies of each of the m,
commodities defined below and the input de-
mands for each of m, variable inputs: P* is an
m,-element vector of expected prices at the
time of production decisions with one element
corresponding to each of the first m, elements
of §; X is an m,-element vector including m,
input prices and the m, additional nonpur-
chased or fixed variables such as noted below;
U is an m-element vector of stochastic terms
to represent unobserved factors, one for each
of the elements of S.

An equivalent representation of the ith crop
output (or input), which is approximated be-
low, is the growth rate form:

. Mg . nz . .
(2) Sl = 2 ES‘P.JP*J + z ESI'\JXJ + ES[U[UI

=1 =1

where the standard convention is used that a
dot above a variable means the rate of change
(Z = 3Z/Z); Ey; is the elasticity of Y with
respect to Z; and subscripts i and j refer to
elements in the indicated vector. Equation (2)
states that the growth rate of the ith crop’s
output supply (or input factor demand) is a
weighted average of the growth rates of all
expected prices (P*), all of the additional
variables (X,), and the disturbance (U,). with
the weights being the respective output (or
input) elasticities. The elasticities incorporate
the underlying technological and behavioral
responses to changes in various expected
prices and other variables. In general, the elas-
ticities are not constant but depend on the
overall configuration of output supplies and
input demand, which in turn depend on the
overall configuration of expected prices and
other variables.

This study uses the careful supply **system
A’ estimates for SAT India by Bapna,

Binswanger, and Quizon (hereafter BBQ).

2 This formulation abstracts from possibilities like risk aversion
and does not include the impact of higher momeats on supply,
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These estimates are pooled time-series (1957/
58-1973/74) cross-section (73 districts aggre-
gated into thirteen regions in the SAT Indian
states of Tamil Nadu, Karnataka, Andhra
Pradesh, and Madhya Pradesh) estimates
based on underlying normalized profit func-
tions to obtain® relation (1), with expected
prices represented by a distributed lag in ac-
tual prices, and with the disturbance for the ith
crop (input) in the fth period having a vari-
ance-components structure with regional,
time. and residual error components.?

In this supply system the number of output
commodities (m,) is six: (@) sorghum (almost
exclusively a food grain in India), (b) superior
cereals (wheat and rice), (¢) other coarse cere-
als (pearl mullet, maize, finger millet, kudon,
kutki, and other minor millets),” () pulses
(chickpea, pigeonpea, green gram, black
gram, horse gram, and other pulses), (e)
oilseeds (groundnuts, sesamum, castor bean,
and linseeds), and (f) other crops.(sugarcane,
cotton, tobacco and chilies). Fhe available
data permitted empirical incorporation of only
two (/m,) purchased (or purchasable) variable
inputs: (a) fertilizers (as measured in tons of
nutrients N, P,Os and K;0) and (b) labor.*
Five additional variables (m,) also were in-
cluded: (a) rainfall, (b) road density in length
of roads per unit area, (c) irrigation as propor-
tion of cropped area, (d) market density per
unit area, and (e) high-yielding varieties as
proportion of total cropped area.

Table | summarizes the implied price elas-
ticities at the sample means. The simulations
to be discussed use these elasticities under the
assumption that the elasticities in relation (2)
are approximately constant. The elasticities
imply some interesting partial-equilibrium fea-
tures. The own-price elasticities range from
0.16 to 0.87, with that for sorghum equal to
0.43; such values indicate fairly substantial
price responsiveness in this relatively poor ag-
ricultural area. Several of the cross-crop clas-
ticities also are fairly large with absolute mag-
nitudes on the order of 0.2 to 0.3, which sug-

* The included states account for the following percentages of
Indian output and acreage of the major crops considered in this
study: wheat (10.8, 17.5), nce (15.6, 14.1), sorghum (36.7, 42.0),
other cereals (30.2, 22.4), pulses (24.3, 31.0), oil seeds (37.4, 35.0),
and other crops (27.1, 28.2). In regard to the lag structure, after
experiments with various alternatives, BBQ adopted a uniform
distributed-lag specification for all expected crop prices with a
weight of 0.71 on the actual price lagged one year and a weight of
0.29 on the actual price lagged two years.

4 Labor input data were not available, but the effect of labor
market conditions was incorporated by including the daily male
wage rates for standard eight-hour davs.
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gests important intrasystem substitution in
production.

Demand

The basic demand or expenditure system for
one observation can be represented in vector
notation as

(3

where D is a n-element vector of quantities
demanded for the commadities defined below:
P4 is a n-element vector of prices faced by
consumers, with one element corresponding
to each element of D; Y is total expenditure;
and Vis an-element vector of stochasiic terms
to represent unobserved factors, one tor each
of the elements of D. An equivalent represen-
tation for the ith commodity demand, which is
approximated below, is the growth rate form-

D=gP Y.V

4 D= S EppaPy! + EpyY + Epy Y,

=1

where the conventions defined for relatior: (2)
apply. Relation (4) states that the growth rate
of the demand for the ith commodity is a
weighted average of the growth rates of all
prices faced by demanders (P%), of expendi-
ture (Y), and of the disturbance (V,), with the
weights being the respective demand elas
ticities. These elasticities incorporate the un-
derlying behavioral responses and the aggre-
gation across individual households. In gen-
eral the elasticities are not constant but de-
pend upon the overall configuration of market
prices, expenditures, and the distribution of
purchasing power.

This study uses demand system estimates
for low-income rural Indians from the carefu!
study by Murty and Radhakrishna thereafter
MR). MR utilize the Nasse generalization of
the linear expenditure system for relaton (3),
which allows nonadditivity in the underlying
utility function.’ In order to overcome the
linear expenditure effects implied by this
model, they subdivide the sample into five reai
expenditure groups for rural areas and five for
urban areas. They allow for cross-equation
correlations in the elements of the disturbance
vector (V) by using a generalized least-squares
estimator. Under these assumptions, MR ob-

s To satisfy the convexity conditions MR impose the tem.ic-
tions that noafood groups are additively separabie, thus reducing
this oart of the model to a linear expenditure system.,,
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analysis of various scenarios. For example, a
10% increase in the price of sorghum implies
increases of 2% and 1.5%, respectively, in
quantities demanded of superior cereals and of
other coarse cereals, and decreases of 0 to 19%
for edible oils. pulses, and all other commod-
ities.

Third, the expenditure elasticities vary
somewhat with those for other coarse cereals
(.69) relatively irresponsive, those for superior
cereals (.93) and sorghum (1.01) intermediate,
and those for the other categories somew hat
higher (1.12 to 1.24). Thus, as income and
expenditure increase. ceterts parthus, there is
the well-known shift in cxypenditure shares
away from other coarse cereals and. to a lesser
extent, from superior cereals and sorghum to
pulses, edible oils, and other commodities.

The Production Equals Absorption Identiry

For the ith commodity in SAT agriculture the
total supply is SAT production (S,) plus net
imports into SAT (M,).% The total absorption
includes demands for current human con-
sumption (D,), for current livestock consump-
tion (L), for seed reserves (R;), and for
changes in inventories held by producers
(A7), consumers (Al), market wholesalers
and retailers (Al™) and public authorities
(Aff). In addition, there is significant wastage
(W), including spoilage and loss to insects and
other animals. Total supply equals total ab-
sorption:

(5) Si+M =D +L +R + Al
+ ALY+ Al + ALS + W,

In principle. all of the components of supply
and absorpution indicated in relation (5) may be

responsive to actual and/or expected prices of

SAT commodities. If their responses differ,
the composition of both supply and demand
may change as prices (or expected prices)
change.

In practice, unfortunately, data are .not
available with which to estimate. the market
responsiveness of most of these components.
Therefore, this study assumes for the three
crops for which the SAT markets are not well
integrated with other markets (i.e., sorghum,
other cereals, and pulses)’ that the sum of net

¢ Netimports, of course, are negative if exports exceed imports.
7 In these cases, for the most part, net trade between SAT India
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exports, hvestock use, seed reserves, pro-
ducer stock changes, and wastage 1 propor-
tional to supply:

6 S =L +R A"+ W - M,

Likewise, for these commodity groups, the
sum of other (i.e., nonproducer) inventory
changes is assumed to be proportional to de-
mand:

(M hD — Al' v AI™ + ALY

Under these assumptions, relation (5) may be
rewritten as'

(SA) (h - ads, =« b,
(5B) S, D -
where

a =1 + b)/(1 = u).

Relation (5B) can be utilized with relation (2)
substituted in the left side and with relation (4)
substituted for the first term in the right side,
which ties the *production equals absorption
identity of relation (5) directly back to the
discussion above about supply and demand
systems.

At the other extreme are most of the other
commodity supplies or demands in the model,
in which SAT production or consumption is a
small proportion of total Indian quantities and
for which markets are relatively well-inte-
grated geographically. In these cases net SAT
imports are large and variable compared with
SAT production. Therefore prices are as-
sumed to be set in the larger Indian market
outside of SAT or by government policies
(e.g., fertilizers) with behavior in SAT re-
sponding to such prices. The commodities
in this category include superior cereals, the
other-crop supply category, fertilizer, and oth-
er-commodity demand category.

Finally one intermediate case between these
extremes is posited. For oilseeds—edible oils
SAT production is a fairly large share of the
Indian total (about 45% in 1978) and the mar-
ket is fairly well integrated geographically. In
this case, therefore, an intermediate assump-
tion is made between the extremes of prices
being determined completely within SAT (as
for sorghum, other coarse cereals, and pulses)
and prices being determined entirely vutside
of SAT (as for all remaining categories). The



544  August 1985

intermediate assumption is that the price 1s an
inverse function of SAT quantity produced
along a fairly flat price-quantity locus that re-
flects explicitly the SAT production share and
the total Indian demand elasticities and the
non-SAT supply elasticity. By differenuation
of the identity that SAT plus non-SAT supply
equals total Indian demand:

D
X

Sr
E[)I‘p v E;"/.

(8) Eyp =

where the superscript 7 refers to the rest of
India and X is exports from SAT to the rest of
India.

Supply- und Demand-Price Relations

Prices are determined outside of the model for
superior grains, the other-crops supply cate-
gory, fertilizer, labor, and the other-commod-
ities demand category. For the commodities
on the supply side, in addition, there are ex-
pected prices (P*) based on actual supply
prices (P,) as indicated in note (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 (m;), which differ from crop to crop:

&) PA = mP,
so that
(9A) Pi= P+ m,

The prices of sorghum, other grains, and
pulses also are assumed to adjust within each
year to clear approximately the individual
markets.

Producer Revenue-Demander Expenditure
Linkage

A characteristic which distinguishes SAT In-
dian near-subsistence agriculture from more
commercialized agriculture is that a substan-
tial part of production is consumed by the
farmers themselves. This implies an additional,
link between supply and demand beyond those
through market prices since the total expendi-
ture of demanders depends in considerable
part on the revenues of producers. To capture
this link, total expenditure in the demand sys-
tem is posited to depend on the weighted sum
of the value'of SAT production of the six sup-
ply commodities' in the BBQ supply system

Amer J Agr Econ

[}
(S S.P.‘ minus expenditures on fertilizer
=1 )

(§7P;) plus other net expenditures (},) which
are independent of price and quantity move-
ments for the commodities of concern:®

Ll
(10 Y=¢' (Z S.P - S,P,) + Y,

t=| i

The compoaeats of ¥, may include some com-

generation and savings activity. But a substan-
tial proportion of SAT economic activity may
be related to the value of production of the
farm commodities through the impact on re-
lated service and transport activiies, which
implies a value of ¢’ greater than one. On the
other hand, the first right-side expression in
relation (10) is an overstatement of expendi-
ture from SAT agricultural production to the
extent that other nonfertilizer inputs and sav-
ings are not deducted from the gross value of
proauction, which implies a value ot ¢' below
one, ceteris paribus. This study assumes that
the net impact of these considerations can be
represented at the margin by the following ap-
proximation:

(10A)

where

Y=cZ+Y,

[
Z= 2P{S|_P7S1and(‘=0.6‘°

i=1

The Base Simulation

The reference point for the simulations of the
next sections is a base simulation in which all
endogenous variables are solution values
given the actual values for exogenous vari-
ables and in which all of the stochastic terms
have their expected values of zero. This is a
more useful reference point than actual values
for the endogenous variables would be be-
cause it makes clear the systematic impact of
hypothesized changes without confusing ef-
fects of stochastic terms.

 Note that all production is valued at market pnces even
though some of it 1s consumed on the farm without entering the
market. The question of whether all or only the marketed portion
of production should be valued at market prices underiay a debu;
between Krishna and Behrman of some years ago regarding indi-
rect measures of the price elasticity of the marketed surplus.

’Bllimdulheempiﬁulvﬂuolchwmymof
possible SAT macroeconomic multiplier effects, etc. The sensiti

s Al tha clenlatione’ fn diffarant valivee af ¢ (and therefiwe £ at
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In this base simulation, &, and 1, are as-
sumed to be zero in relations (5B) and
(9A), respectively. The former assumption is
equivalent to assuming that the combined im-
pact of net exports, livestock use, seed re-
serves, wastage and stock change is constant
[i.e., (1 + b)/(1 — a) is constant] for each
crop over time. The latter assumption implies
that transportation, marketing and processing
costs are constant for each crop over time.
These two assumptions are made for the base
simulation because inadequate data preclude
direct estimates of possiblé changes over time
in a, and m,. Below, however, there is consid-
eration of the impact on the basic simulation of
technological change in sorghum if these as-
sumptions are modified for this crop.

The base simulation is a ten-year dynamic
simulation for 1969-70 through 1978-79 in
which, within the simulation period, simulated
values of lagged endogenous variables are
used instead of actual values. These lagged
simulated values are one of the two major
mechanisms which link impacts of the hy-
pothetical exogenous change in sorghum
technology across periods in a dynamic fash-
ion through the lagged values to which the
growth rates in relations (2) and (4) are applied
to obtain the levels of endogenous variables
for the current simulation period. The other
major dynamic mechanism is through the en-
dogenous expected price generation process.
The use of a decade simulation period allows
substantial time for the dynamic effects of ini-
tial exogenous changes to work their way
through the system. The use of a long sim-
ulation period also permits exploration of
whether or not there is error buildup in the
model. On the other hand, a decade may be a
somewhat long period for the maintained hy-
pothesis of no structural changes other than
that posited for sorghum productivity, so most
results in this paper also are presented for a
shorter period of five or six years.

The first three columns in table 3 give some
summary measures of the goodness of fit of
the base simulation: mean absolute percentage
errors (MAPE) for 1969-73 and for 1969-78
and root mean percentage errors (RMPE) for
1969-78.

The goodness-of-fit statistics for the entire
decade in table 3 suggest that the model traces
better the actual experience for SAT quan-
tmes supplied t than for SAT prices (though
pulses are an exception to this pattern). This is
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riod for the relevant commodities.'® supplies
are completely price inelastic, so all of the
adjustment to achieve short-run equilibrium
must be in prices along the demand curve to
the recursively set quantities supplied.

The goodness-of-fit statistics also are rela-
tively high for superior-cereals quantity de-
manded. They are relatively small for the
quantity demanded for the other-items cate-
gory and total consumer expenditure. The low
value for total consumer expenditure is due to
a combination of some of the errors in the
components of this variable cancelling out in
the constructed aggregate (particularly high
prices for low quantities supphed and vice
versa) and of there being an exogenous com-
ponent (Y,) in relation (10). The low error for
the other-consumer-demand components re-
flects the small error in total expenditure in
combination with the exogenously fixed value
of the other major determinant of this demand
variable—the own price (given the small
cross-price elasticities for this category in
table 2).

The MAPE and RMPE also are relatively
large in comparison with those reported in
many other studies. This may reflect several
factors. First, the dynamic simulation period
of a decade is fairly long and there is sig-
nificant error buildup. This can be seen in that
the MAPEs generally are smaller (and often
substantially so) for the first five years than for
the whole decade (compare columns | and 2 in
table 3).!! In other words, as is almost always
the case for such models, there is more suc-
cess in tracing out experience in the short and
medium runs than for the longer run. This is
particularly the case for the sorghum price.

Though the MAPEs for the first quinquen-
nium are lower than for the decade. they still
are relatively large. This may be because of
the great volatility of SAT agriculture despite
the attempt to incorporate weather conditions
in the supply estimates (i.e., U is relatively
large in relation 1). To the extent that this is
the case, the base simulation just reflects the
well-known environmental vanability in SAT
agriculture and the difficulty of summarizing
that dimension of reality in manageable
weather indices for econometric estimates.

Another contributing factor may be that the
systems estimates do not assume that the
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Table 3. Summary Measures of Percentage Errors in Base Simulations and Percentage Devia-
tions from Base Simulations for Simulated Scenario with Improved Sorghum Productivity

Base Simulations

Productivity Increase
in Sorghum Production

MAPE RMPE
Endogenous Variables 1969-73 1969-78 1969-78 1971 1974 1978
()] 2) (3 (4) 5 (6)
Output supply
Sorghum 9.7 84 9y 76 263 IR
Supenior cereals 5.5 75 107 01l 00 00
Other coarse cereals 10,3 134 170 -04 -09 -10
Pulses 86 173 237 07 21 21
Oilseeds 9 R 1S 8 2R -04 -0 7 06
Other crops 83 79 b 01 0 & 06
Prices
Sorghum 5.0 21.4 30.2 -34 -10.1 -127
Other coarse cereals 14.1 35.2 46.4 -0.0 -03 -07
Pulses 150 109 168 03 =03 0
Oilseeds-edible oils 16.5 205 234 0.6 18 17
Demand quantities
Superior cereals 16.0 17.9 20.6 -0.6 =20 =25
Other items 4.4 6.1 90 -0.1 -03 -0.1
Expenditure 1.5 2.1 27 02 07 0.5

Note: Base simulation, MAPE, and RMPE are defined and discussed in the second section The scenarios with improved sorghum
productivity are defined and discussed in the third section This table gives percentage deviations from the base simulation for this

scenano.

mean error for each endogenous vanable is
zero over the estimation period (as do ordi-
nary least squares single-equation estimates),
so in some cases the base simulated values are
systematically too high or too low. To the
extent that this possible system feature under-
lies the relatively large errors, some questions
are raised about the stochastic specification of
the system estimates and the models may
under (over) estimate systematically some en-
dogenous variables. Nevertheless, the model
may serve well (and possibly better than sin-
gle-equation estimates which would trace the
sample experience better, but not capture the
system features as well) for exploring the im-
pact of hypothesized exogenous changes.

In addition to goodness-of-fit measures
based on errors, it is useful to ask how well the
model traces turning points in SAT Indian ag-
ricultural experience over the simulation de-
cade. Examination of the individual observa-
tions (which are not presented because of
space limitations) suggests that the summary
answer to this question is: fairly well, espe-
cially given the great volatility in SAT Indian
agriculture. There are some failures, but these
tend to be'concentrated in the latter half of the

simulation period after there is more substan-
tial error buildup. All in all, there is fairly
considerable success in identifying turning
points.

Basic Simulation of Productivity Increase
in Sorghum

For the exploration of the product market im-
pacts of technological improvements in sor-
ghum production, an S-shaped pattern of per-
centage increases in productivity is assumed
because that is the typical pattern of the adop-
tion of innovations in SAT Indian agriculture
as in most other agriculture (see Walker and
Singh). The exact pattern of assumed annual
increases is 0.5%, 1.5%, 3.5%, 4.5%, 5.0%,
4.5%, 3.5%, 1.5%, and 0.5% during 1969-77,
respectively. The accumulation of these
changes results in an upward shift in produc-
tivity of 25% for the ninth year and thereafter.

To simulate the impacts of a T% increase in
the productivity of sorghum in any year, the
combined impact of what can be considered
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tion increases 7% with the same use of inpuls.
(b) Because of the productivity increase in
sorghum, there is a reallocation of inputs
among all of the crops. If the actual output and
input prices were constant, this effect would
be equivalent to the impact of a T% increase in
the price of sorghum (including all of the ef-
fects through the cross elasticities).'? (¢) Be-
cause of the resulting expansion of sorghum
output and induced changes in other outputs,
sorghum and other output prices adjust, with
the standard impact on all outputs through the
price elasticities. The total-impact is the com-
bination of these three effects, with the nega-
tive third one partially offsetting the positive
first two. Further complications, of course,
are introduced by the lag structure in re-
sponses due to the price expectation formation
process. -

The basic simulation explores the impacts of

this hypothetical technological improvement
in sorghum production by imposing it onto the
base simulation of the previous section. Col-
umns 4-6 in table 3 present the resulting im-
pacts as indicated by the percentage devia-
tions induced from the otherwise identical
base simulation for 1971, 1974, and 1978 (i.e.,
years two, six, and ten of the simulation pe-
riod) because of the sorghum productivity
change. The magnitudes of the impacts of the
assumed productivity increase in sorghum
change over the decade because of the as-
sumed pattern of initially increasing and sub-
sequently decreasing productivity growth. But
the general implications are the same over
time.

First of all, there is the anticipated negative
impact on the sorghum price in order to absorb
within SAT India the increased sorghum pro-
duction. By the sixth year of the simulation
the price decline is 10.1% (for a production
increase of 26.3%). By the tenth year it is
12.7% (for a production increase of 33.1%).
These price declines somewhat discourage
sorghum production. Therefore, output does
not increase as much as it would were there no
induced downward sorghum price movement
as would be the case were the SAT Indian
sorghum market well integrated into a much
larger market.

Second, sorghum output, nevertheless, in-
creases more than sorghum productivity. In

12 The authors thank H. Binswanger for most useful discussions

oa how to conduct these simulations, in particular regarding the
sacnnd sffect
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the sixth year sorghum output 1s 26.3%% above
the base simulation path even though produc-
tivity is only 19.5% above the base path. In the
tenth year sorghum output is 33.1% above the
base simulation path though productivity is
25% above the base path. The larger increases
in output than in productivity despite the sor-
ghum price declines reflect that the second
effect noted above reinforces the direct pure
productivity effect more than the third nega-
tive price effect offsets it. This is in sharp
contrast to frequent speculations that there
might be little output gain due to the output fall
in response to the price decline. On the aver-
age, sorghum producers receive greater gross
revenues since the production increase is
much larger than the price dechne. But the
impact of any productivity improvement is not
likely to affect all farms equally because of
differences in Jland qualty, water control,
management capabilities, etc. Those sorghum
farmers who experience little or no sorghum
productivity increase, in fact, are worse off
because of the lowered sorghum price.

Third, thé larger sorghum production and
lower sorghum price means that Indian SAT
consumers of sorghum are undoubtedly better
off due to this productivity change. Since sor-
ghum constitutes a higher share of the budget
of poorer individuals (see MR), these benefits
accrue relatively more to the poorer members
of society.

Fourth, even though the systemic effects
are relatively weak for sorghum (in the sense
that the cross-price elasticities in tables | and
2 are small as compared, for example, to those
for superior cereals), there are some impacts
on other commodities at least of the magnitude
of 1% after several years. Because of the
lower sorghum price, for example. pulses sub-
stitute somewhat for sorghum. vilseeds, and
other crops in production and sorghum substi-
tutes somewhat for superior cereals and other
items in consumption—which lowers net im-
ports of superior cereals and increases the net
imports and the prices of edible oils. None of
these effects is all that large, however.

Sensitivity Analysis of Some Critical
Assumptions

The model used in this study incorporates a
number of complexities such as the systems
nature of supply and demand, varying degrees
of market integration between SAT India and
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the rest of India, and feedbacks through prod-
uct prices and expenditure of demanders.
Nevertheleds, because of data inadequacies, a
number of simplifying assumptions are made
for the basic simulation of the impacts of tech-
nological change in sorghum.

This section explores the sensitivity of the
results to modifications in some of these as-
sumptions. Table 4 gives percentage devia-
tions from the base simulation for 1971 and
1974 for six simulations, each of which is iden-
tical to the basic simulation with technological
change in sorghum productivity discussed in
the previous section except for one additional
change. The additional change in the first two
of these simulations is that o, for sorghum in
relation (3A) is posited to be -2% or +2% 1n
each year, respectively. That is, the combined
effect for sorghum of net exports. livestock
use, seed reserves, wastage, and all stock ad-
ditions changes systematically over the simu-
lation period because of the sorghum produc-
tivity change. In the third and fourth of these
simulations additional changes are that 1, for
sorghum in relation (9A) is assumed to be
-2% or +2% in each year, respectively.
These changes imply stochastic induced varia-
tions in transportation, marketing, and pro-
cessing costs that separate supply from de-
mand prices. The fifth simulation considers an
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increase in the wage to a level 2% above the
base simulation in each year to be induced by
the technological development for sorghum.
The sixth simulation hypothesizes that the
producer revenue-demand expenditure hnk in
relation (10A) is stronger with ¢ equal to 0.8
instead of 0.6. In all cases the changes are
assumed to persist throughout the simulation
period in order to provide a fairly strong test of
the robustness of the resuits in table 3

The changes in these sensitivity simulations
from the basic simulation in table 3 are in the
directions that one would anticipate. Lesser
absorption of sorghum by net exports, live-
stock use, seed reserves, wastage, and stock
changes in the first of these simulations, for
example, lowers the expansion of sorghum
production (e.g., from a 26.3% increase to a
24.1% increase in the sixth vear) and increases
the sorghum price decline (from —-10.1% to
—14.7% in the same year six). The increased
transportation-marketing-processing costs in
the fourth simulation reduce further sorghum
farm prices (from —10.1% to —18.6% in year
six), which moderates the expansion in sor-
ghum output (from 26.3% to 22.1% in year
six). The increased wages in simulation five
reduce slightly the increment in sorghum pro-
duction (from 26.3% to 25.6% in year six) and
the fall in sorghum prices (from —10.1% to

Table 4. Sensitivity Analysis of Simulation of Impact of Improved Productivity for SAT India

(6) Stronger
Change 1n Sorghum Net Exports, Producer
Livestock Use, Sced Reserves, Change «n Surghum Transportation- Revenue
Wastage, and Stocks in Relation Marketing-Processing Costs in Demander
(5A) 1n Each Year Relation (941 1n Fach Year (S) Wage F xpenditure
T T T Increased by 1 inkage (0 in
tha tor 12« tor hm for ) m 1o 2oan Relation 10\
Endogenous sorghumoas - 2 sorghum i 2, sorghum i sorghum is 2/ Fach Year n 0K
Vanables 197 1974 1971 1974 1971 1974 1971 1974 1971 (£ 1971 1974
Qutput supply
Supenor cereals 00 00 0 01 01 01 00 00 -01 (UM -1 12
Sorghum 68 LN} 83 286 90 07 61 21 69 24h A MR
Other coane
cereals -03 -08 -0 -10 0s [ =01 -07 -07 -2 07 02
Pulses 06 16 09 21 1 32 04 12 03 16 67 KR
(nlseeds -02 04 -0s to 06 [ 0t [N} 03 (UL IR 13
Otker crops -02 -04 -04 ~0R 04 -10 [N 02 -04 [ [ 0
Farm pnces
Sorghum -6l 147 -08 -54 18 -09 -85 -186 -32 -9y [ AR
Other coarse
cereals -05 -12 04 06 08 14 -09 -19 0?2 =01 $2 §?
Pulses -0.2 -0t -04 -0.5 -0 ~06 -01 0.1 01 01 7 86
Orlseeds-edible
als 0.6 1.6 0.6 20 0.7 22 06 15 0.5 16 71 102
Demand quantitics
Superior cereals -4 -37 03 -0.1 10 16 =21 -53 -0.5 -19 1n3 1.9
Other items 0.3 0.5 -04 -1.2 -0.8 ~20 0.7 1.2 -0.1 -03 1H4 1.8
Expeaditure 0.0 0.3 04 1.1 0.5 L5 -0.1 -0.1 0.1 06 no s
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-9.9%). The strengthened producer reve-
nue-demander expenditure linkage in simula-
tion six increases sorghum demand and output
(from 26.3% to 28.9% in year six) and lessens
the decline in sorghum prices (from - 10.1% to
-5.1% in year six). Of course, for all of these
simulations there also are small changes in
supplies, demands, and prices for the other
products because of the systemic nature of
supply and demand.

The magnitudes of the additional changes
are quite small for the wage increases and the
increased link between ‘producer revenues
and demander expenditure, even when such
changes persist over a number of vears. The
magnitudes are larger for the changes in the
combined effect of net exports, livestock use,
seed reserves, wastage, and stock changes (¢,)
for sorghum in simulations one and two and
even larger for changes in the transporta-
tion-marketing-processing costs (/) in simu-
lations three and four. In simulation three, for
example, the persistent reduction in the trans-
portation-marketing-processing costs results
in a sorghum farm price decline of about 1% in
contrast to a decline of 10% or more after six
years in the basic simulation of the previous
section.

But the exogenous additional changes ex-
plored in this section are quite considerable
when maintained over a number of years. It
seems unlikely that the basic simulation in
table 3 is based on a model that is systemat-
ically misspecified by as much as is assumed in
table 4. Therefore, with a caveat regarding the
first two implications discussed with regard to
table 3 (i.e., the fall in sorghum price and a
sorghum output increase exceeding the sor-
ghum productivity increase) in the unlikely
case that transportation-marketing-processing
costs fall persistently as much as in simulation
3 in table 4, the conclusion of this section is
that the basic thrust of the results in table 3
seem quite robust to any likely probable de-
gree of misspecification.

Summary

This paper has helped to fill the lacunae that
Nerlove noted regarding the market impacts of
technological change for near-subsistence
products that are grown largely in diversified
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agriculture in poorer regions with geograph-
ically isolated markets and therefore price and
income feedbacks by examining the case of
sorghum in SAT India. The simulation results
seem quite robust to likely orders of mag-
nitude of persistent misspecification in the
simulation model. The simulations suggest
that adopted technological developments to
increase sorghum productivity would have
spillover effects on other markets, increase
the welfare of Indian SAT consumers of sor-
ghum, and probably lower the sorghum price.
In contrast to the speculations of some, how-
ever, the sorghum price decline would not be
so large as to discourage much sorghum out-
put. To the contrary. output gain would be
likely to exceed the pure technological pro-
ductivity effect because of input reallocations
that would more than offset the negative effect
on supply of sorghum price declines.

[Received August 1983; final revision
received August 1984.]
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