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ARTICLES

SYSTEMS OF OUTPUT SUPPLY AND FACTOR DEMAND
EQUATIONS FOR SEMI-ARID TROPICAL INDIA

Shanti L. Bapna, Hans P. Binswanger and Jaime B. Quizon*

The paper presents six systems of agricultural output supply and factor
demand equations for the semi-arid tropical (SAT) parts of the States of
Andhra Pradesh, Madhya Pradesh, Karnataka and Tamil Nadu.! Three
of these systems relate to the entire SAT parts of these States and consider
three different levels of commodity aggregation, i.e., seven, four, and two
commodity models, including fertilizer. The other three systems are dis-
aggregated (six or seven commodities) and relate to specific sub-zones of
the SAT, namely, the rice growing sub-regions, the wheat growing sub-
regions and the cotton-groundnut growing sub-regions. The systems arc
based on flexible functional forms for profit functions. Due to data Jimi-
tations they are incomplete, i.e., they do not contain an exhaustive list of
~ factors of production.

The first section discusses the theoretical framework, followed by a brief
section on econometric procedures. Data sources and the agro-climatic
sub-zones are discussed in section III. This is followed by a section on mo-
dels and commodity aggregations used for the different sub-zones. Section
V discusses the results and conculsions.

I
SYSTEMS OF OUTPUT SUPPLY AND FACTOR DEMAND EQUATIONS

Systems of output supply and factor demand equations can be derived
from a profit function. The derivation is presented below. In a later sec-
tion, we test whether this derivation is consistent with the statistical evidence.
At this point, however, we note that systems of output supply and factor
demand equations can exist, independent of the behavioural mechanism of
profit maximization, as long as the behaviour of individual agents is suffi-
ciently stable over time and can be aggregated over farmers. This implies

*Associate Professor, Indian Institute of Management, Ahmedabad; Economist, The World Bank,
Washington, D. C.; and Visiting Fellow, Yale University, New Haven, U.S.A., respectively. The
project was supported by the International Crops Research Institute for the Semi-Arid Tropics,
Hyderabad, India with which the first two authors were associated for 2 number of years. It was also
supported by a research grant of USAID to Yale University and by the Economic Growth Center, Yale
Unversity. The generous support of these institutions is gratefully acknowledged. The views
expressed in this paper, however, do not necessarily reflect those of the sponsoring institutions or the
current employers of the authors. All computations in this paper used the pregrammes *‘Elasticities”
prepared by Sidney Feit. We are also grateful for research assistance received at various stages {rom
M. Pereira, K. Kaboth, P. Kumar, Valasayya and Rajendran, Discussions of the project with J.
Behrman, R. E. Evenson and J. G. Ryan were also particularly helpful.

1. InIndia, ten States contain semi-arid regions. In addition to the above four, these are Maha-
rashtra, Gujarat, Rajasthan, Uttar Pradesh, Haryana and Punjab.
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that estimated systems are useful for economic analysis regardless of whether
the theoretical restrictions of profit maximization hold. However, if profit
maximization does not hold, no inferences can be made from the supply and
demand equations about the production function underlying them, since
behavioural and technological relationships are then confounded in those
equations.

Supposc now that there are n commodities, Y; , of which the first m are
outputs and those indexed m+-1,...... , n are variable inputs under the
control of the individual agent. Define a vector of commodities Y such

Y >0 for i=1, ..., m and YO0 for i=m+1, ..., n. ....(1)
Variable inputs are.defined as negative quantities, they subtract from re-
venues of the positive outputs. These commodities have prices P,>0- for
all i. 7 is variable profits or return to fixed factors of production and =
Y'P. There are also k fixed factors of production, Z,, k=1...K, such as
fixed capital or land quality. Let t stand for time or a technology index.
If a sufficiently ““‘well-behaved” transformation function® exists, g(Y,Z,t)=0,
and agents maximize variable profits 7w, then a profit function exists
which relates maximized profits =* to the prices of the variable commodities,
the fixed factors and time, i.e.,

n*=n* (P,Zt) ....(2)
The function 7* has the following properties (where m* and =} are de-
rivatives and cross derivatives of the profit function with respect to the prices
of the commodities 1 and j).

(i) m* is monotonically increasing in P, if i is an output and mono-
tonically decreasing in P; if 1 is an input.

(i) The output supply and factor demand curves are derived via
Shephard’s Lemmac: '

>0 for i=1,...m ....(3)

Yv= \.:y" PZ,t
=™ B2 0 fori=m-+1,...n

(iti) The cross derivatives of @* are symmetric, 7.c., ©§ = 7},
(i) =* is convex, i.e., the(singular) matrix of its cross derivatives w3
is positive semi-definite ov all its characteristic roots are positive or zero.
(v) =* is homogeneous of degree one in P and the supply and demand

equations from =* are homogeneous of degree zero in P. The matrix

2P Y,

] i

[-qij] = o1; by defines the factor demand and output supply clasticities

and

Ty =0 i=1...... , 0. el ()
j=1

2. For the conditions which must be imposed on the transformation function, see Diewert(1978).
3. See Shephard (1970).
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We will consider two alternative functional forms for equation (2) in
our empirical work.® The first, the Generalized Leontief (GL) due to
Diewert (1971), is written as

— gszP}/oPn/» n g}db‘,hPiZk + b, Pt (5)
The corresponding factor demand and output supply system from this profit
function is given in panel (a) of Table I. All n equations can be estimated
jointly but the profit function (6) is not linearly independent since it is the

linear combination ¥ Y,P; of the individual equations. In thissystem,
i=1 .
the homogeneity constraint is not testable since for each equation T1); esti-
mated residually.
The second functional form is derived from the Normalized Quadratic
(NQ) profit function. A normalized profit functionis derived by stating

the initial profit maximizing problem in terms of normalized prices q; = T
* n

where all prices and profits are divided by the price of the nth commodity.

Normalized profits are:

o n—I1

=S Y+ Y, e
P, i=1

E =
Shephard’s Lemma then reads that 2z =Y, The normalized quadratic
profit function (NQ ) is written as

n—1 n—I n—1 ] n—|

n=a0+ Eaiqi_i—"]f 21 2 bx_)qlqj+ zzbnqu—l—zblkql)
i=1 i=1 j=1 i=

The output supply and factor demand curves for the first (n—1) output and

factors are given in panel (b) of Table I. Homogeneity of degree zero in

all prices is imposed on all the equations and cannot be tested. The sym-

metry constraint can be tested and imposed. The equation for the nth

commodity has to be derived residually: from equation (6) we can compute

- n—I1 .
Y,=n — % Yiq, o..(8)
i=1

i=
By substituting into this expression (7) for 7 and the commodity equations
for Y; from Table I, we obtain

n—1 n—1

_% ¥y ¥ buqlqj e (9)

e ao
i=] j=1

4. Data limitations prevent us from using the translog function.
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The derivatives of this equation with respect to individual prices are

2o nZI b; b <
_ — 5 n
2P, 2, B e )
from which we can compute the clasticities for the nth equation as
Y, P p, n—l
T]nj P ———y - = - 2 buPl
DPJ- Y. P Yn i=1

Finally, 1), can be determined residually via equation (4)

Tn=— 5 M.

.(10)

(11)

as

(12)

It should be noted that one could include equation (5) in the estimation
process or leave it out and estimate the elasticities of the nth equation resi-

dually.
TasLe I—Outpur SurpLy AND FACTOR DEMAND FORMULAE AND RESTRICTIONS
. (@) i , (G
Generalized Leontief (GL) Normalized Quadratic (NQ'
1/2 l
a-1 P
B ) . Y, =b, + b Y, = + I b -4
TForm of factor 1 P44 1 (p > i °2 L
demand and output 351 N Ey i 3=1 4B
supply equations
b Z, +b T
we * Py TE PR YOk
for { = 1, ..n. for i =1, .... n-1
}, n-1 n~l P
Y =a ) p 3
= ° 2 a1 j-l 1] T?‘i‘
Homo‘g_cneity Imposed not testable Izposed oot testable
constraint
Symmetry constraint -
Py TPy 2P Py Ty L34
and including the b 13 of
equation n.
Elasticities )
, n. = ou(F)2 ?
Cross price 13  2Y_\ P j=b ;| 1¢n
i i SIR 4
i
? =}
n,* 4. L b,P
nj : 2’ 4wl 5 I
2% fel, i, el
b ?.\1/2 P,
Own price aq ® 1:1 E%i ;‘L Mgy T by T té
i 3 ‘_l'i'n
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Incomplete Systems: The data base to be discussed below is incomplete
in that data on labour service flows, bullock service flows, and bullock prices
are not available. Wage rate data, however, are available and have been
used.® Missing data implies that profits cannot be measured and the profit
function cannot be estimated directly. Therefore, the translog profit func-
tion cannot be used since its derived demand equations have profit shares
as dependent variables. Futhermore, the equations for the missing factors
have to be left out of the system. For the normalized quadratic case, the
left out factor is the nth factor.

Missing quantity variables alone introduce no biases ot inconsistencies
into the set of coefficient estimates for the remaining equations, but make
them less efficient than would be achievable in a full systems context. But
missing prices may lead to left out variable problems. If the missing bullock
price is corfelated with any of the other prices, the coefficient estimates on
these included prices would be biased. We do not a priori expect relative
bullock prices to be highly correlated with any of the other relative prices
and simply neglect the problem. (Absolute prices are correlated because
of inflation.) A further problem arises for the Generalized Leontief form.
Own elasticities are computed residually from all price coefficients in an
equation (see Table I). Even if no left out variable bias arises for the in-
cluded price coefficients, the residual computation omits the possible non-
zero coefficients of a missing price and this can lead to biased own elasticities.
Despite this potential problem, we estimated systems for bath forms.

11
ECONOMETRIC PROCEDURES

The systems are estimated with cross-sections of time-series. To take
account of the relationships of errors (1) among the time-series in the cross-
section and (2) among equations, a stepwise procedure of estimation is used
which leads to consistent estimators.® The first step performed for each
equation separately consists of the estimation of an additive error compo-
nents model to pool cross-section and time-series data [Wallace (1977)]. The

model is as follows: Yi,=o + BiXip + tie + % +Cine wwin(19)
where i stands for the ith commodity, r for agricultural sub-regions and t

for time, and where 4, is the regional error component, 1, is the time error
component and Cm is the residual error component. The components have

. 2 g2 2 : . ; s
variances %;, %, and UiC respectively which are estimated using a pro-
W1

cedure due to Amemiya (1971). The data are first transformed via a cova-

5. Labour and bullock demand equations based on farm management data are reported in
Evenson and Binswanger (1981).

6. Maximum likelihaod (ML) procedures could have been used. The research reported here is,
however, a small fraction of similar estimations for other agro-climatic zones and other crop break-
downs. Given the large amounts of data and the many systems estimated, the cost of using ML proce-
dures would have been prohibitive.
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riance transformation from which a consistent set of {3; coefficients is esti-
mated. These P;s are then applied to the original data to estimate residuals
from which the variance components are estimated. The original data are
then transformed (a second time) using the estimated variance components.
The third step in the estimation procedure consists of applying Zellner’s
(1962) joint estimation technique to transformed data from the second step
and this procedure takes account of error interdependence across equations.
Restrictions across equations are tested and imposed in this third step.

III

DATA SOURCES AND AGRO-CLIMATIC SUB-ZONES

Data were assembled for 93 districts from the four States of Tamil Nadu
(Madras), Karnataka (Mysore), Andhra Pradesh and Madhya Pradesh for
the years of 1955-56 to 1973-747 Data were gathered from published
Seasons and Crops Reports andfor Statistical Handbooks of each State or
else were collected directly from the statistical offices in each State. The
crops covered and numbered accordingly are:

Two superior cereals: (1) Rice, (2) Wheat,

Six coarse cereals: (1) Sorghum (or jowar), (2) Pearl millet (or bajra),
(3) Maize, (4) Finger millet (or rag:), (5) Kodon, Kutki
(or Kodo and Barnyard millets), (6) Other minor
millets.

Six pulses: (1) Chickpea (or Bengal gram), (2) Pigeonpea (or
tur or Red gram), (3) Green gram (mung), (4) Black
gram (or wurad), (5) Horsegram (Kulthi), (6) Other

pulses.

Four oilseeds: (1) Groundnut, (2) Sesamum, (3) Castor bean, (4)
Linseed,

Four other crops: (1) Sugarcane, (2) Cotton, (3) Tobacco, (4) Chillies.

The sub-regions and the criteria used to define each of them are listed
in the Appendix.® Sub-regions 8, 12 and 17 are excluded from the semi-
arid tropics because they are irrigated coastal zones. The remaining 14
sub-regions are either fully specialised in rice growing or in wheat growing
but none of them produces both of these superior cereals in sufficient quan-
tities to allow the estimation of the wheat-rice crop substitution. The 14
SAT sub-regions are therefare divided into a wheat SAT (7 sub-regions)
and a rice SAT (7 sub-regions) which do not overlap. Groundnut and cotton
are also not produced in all sub-regions and a system which contains both
of these crops is therefore estimated for a cotton-groundnut SAT which

7. The data were assembled by S.L. Bapna with the assistance of Rajendran, M. Pereira, Pavan
Kumar and Valasayya, while they were on the staff of the International Crops Research Institute for
the Semi-Arid Tropics, Hyderabad.

8. A detailed description of the procedures used to aggregate the raw data into sub-regions and
into crop aggregates (for price and quantity indices) is contained in Bapna, Binswanger and Quizon

(1981).
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contains 7 agricultural sub-regions from both the wheat and the rice SAT.
While the wheat and rice SAT zones are mutually exclusive sets of sub-re-
gions, the cotton-groundnut SAT overlaps both of them. The allocation of
sub-regions to these three SAT zones is also indicated in the Appendix.

v

MODELS AND COMMODITY AGGREGATION

Table III describes the six models. Model A for the entire SAT
distinguishes six commodities or aggregates. Wheat and rice are aggregated
into superior cereals. Sorghum (jowar) is grown in virtually all sub-regions
and treated as a separate commodity. The other coarse cereals are less
pervasive and aggregated into “other coarse cereals” (same treatment for
models C, D and E). Model A treats al! oilseeds as an aggregate and all
pulses as an aggregate. Finally, sugarcane, cotton, tobacco and chillies
form an aggregate called “other crops A”. Fertilizers are measured in tons
of nutrients of N, P,O;, K,O. Reliable labour and bullock flow data do
not exist. All the systems reported here therefore leave the labour and
bullock demand equations unspecified.” However, wage rate data have been
systematically reported for each district’in Agricultural Wages in India (various
issues) and all equations therefore include a wage rate variable which is a
daily male wage rate standardised on an eight-hour basis. Bullock prices,
however, are not available.

Variables which are not under the control of the farmers are listed and
defined in panel III of Table II as rainfall (RAIN), extent of use of high-
yielding varieties of rice, wheat, sorghum, pear] millet and maize (HYK),
road density (ROADL), regulated market density (MKTS), and extent of
irrigation (IRK). Some States contain both regulated and unregulated
markets and the regulated market density measures government assistance to
the marketing process rather than market access. Market access is probably
better measured by road density.

Systems B and F are also estimated for the entire SAT. In system B,
all coarse cereals are aggregated into a single equation. Oilseeds, pulses and
other crops A are aggregated into a single aggregate called “other crops B.”
System T is aimed at estimating an aggregate agricultural supply equation
for the SAT with one equation for “All Crops” and another equation for
fertilizer demand.

Systems C, D and E are aimed at estimating supply functions for
individual commodities which cannot be handled for the SAT as a whole
because not all 13 sub-regions produce the commodity to a sufficient degree.
System C for the wheat SAT estimates individual equations for wheat,
sorghum and chickpeas, the major pulse in the wheat SAT. Coarse cereals
other than sorghum form a fourth equation. The aggregate of “other
crops C” includes everything not treated in separate equations.

9. Labour demand and bullock demand equations have been estimated from farm managemen
studies in a separate study [Evenson and Binswanger (1980)].
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For the rice SAT, separate equations are fitted for rice, sorghum,
groundnut, and other coarse cereals. All other crops are aggregated in
“other crops D”.

The cotton-groundnut SAT contains those sub-regions of the rice SAT
and the wheat SAT where both cotton and groundnut are important.
Separate equations are fitted for superior cereals, sorghum, other coarse
cereals, groundnut, cotton, and an aggregate “other crops E”.

The aggregate “other crops” contains widely different crops for the
different systems. It is simply the set of crops which complements those crops
or crop aggregates for which individual equations have been fitted. Elasticities
of other crops are therefore expected to vary across systems.

Lag Structure

No lags are imposed on prices of fertilizer and wages or on any of the
Z variables, RAIN, HYK, IRK, ROADL and MKTS. Fertilizer prices and
wage rates are largely known when these inputs are committed. However,
for all output prices, an expected price was formed with the following
lags.'

PE=0.71P,t—1 +0.29P,, t—2

\'%

TEST RESULTS

Table 1V presents the summary statistics and test results about the
systems. The summary statistics refer to the restricted systems where
symmetry constraints are imposed. For the SAT as a whole, the disaggregate
system A has the lowest goodness of fit, measured both by weighted mean
square and weighted R% while the most aggregative system has the best
goodness of fit. The highest R? value (above 0.5) is achieved by the system C
for the wheat SAT.

The symmetry constraint is accepted only for the two relatively
aggregated systems B and F intheentire SAT, where onlysix and one con-
straints were imposed respectively. For the profit function to be quasiconvex,
the (n—1)independent characteristic roots of the Hessian matrix (evaluated at
predicted mean price levels in the case of the GL) should all be non-negative.
This is only the case for the highly aggregative system F.

Table IV provides virtually no guidance to choose between the two
functional forms, since test results are very similar for both forms. We
therefore opt in favour of simplicity and concentrate on reporting results from
the NQ system.”

10. This expected price equation was the final form obtained from a series of lag structure expe-
riments. See Bapna, Binswanger and Quizon (1981) for details.

11. Only in a few instances do the elasticity estimates differ sharply between functional forms.



‘sisappuaded Ut SIUTENSU0D JO IQUINN]

*S[2A3] urowW pAaySom paturpaad 1e PIlen[esd XLjvwl ULIssO}] JU? JO §1001 O1ISTI9I0LIeyD 2411883 Jo JPquny ‘5
*§1UTRIISUCO AXPWMIAS JO 1593 Jo anjeA-J ‘g

‘w)sds 3y ut sa]qetaea 1deotajul-uou [je uo 15314 Aewxordde oy3 01 spuodsaricd i A

-sisotpyuated ut wopaalj jo s9918a(]

*10113 paxenbs urowr parySamy 1

*19339q 10 Ju2d 13d ¢ 3e JudYUSIG

w
(] N
S (1g) (p12)-
8 LIOG #¥C 0 8l-1 Liog «66°€ I¥- 0z1 - N |
mW 1LVS mupunois-uono))
=
. {cn) (¢19)
P 9307 #L8°1 118! 9j0g %561 0%+ Si-1 . a
=
B LVS 2oy
m (1) (c19)
& 9J0¢ S IAY 611 9j0 g %938 gL 811 S 0
M LVS 1eayMm
o () (10%)
- zloo P01 $0-1 2100 8L-C G- $0-1 o4
<
= (9) (86£)
5 $J01 ¥6-1 €0-1 b 3oy £6°1 ¢ 90-1 R {
o
M (12) (98¢1)
% Liog £06-¢ 11-1 Liog +11-¢ 0g- 011 R
g Ivs v
§jool 81004
JUSHIAOBILYD  ALOWWAS onsEPeIRYD  gAUSUnUAS
yoAnEdoN jod TASN yoAnedoN jod G FASIN washs uonenby

JPIIU0YT] PIZIjRIIUIL)

onjeIpens) pazijeulioN

190

SWALSAS NOILYOOH 40 SLST], GNV SOLLSILVLG AMVIHWAG— AT 14V ],



" SYSTEMS OF OUTPUT SUPPLY AND FACTOR DEMAND EQUATIONS 191

The Estimates

Space does not permit us to report the full restricted and unrestricted
regression estimates for the two functional forms. Instead we report only the
elasticities at sample means for the restricted NQ system. It should be
remembered, however, that these elasticities are not constant but depend on
sample values of prices and quantities. In economic applications it may
therefore be more appropriate to use the original regression equations. These
are available in Bapna et al. (1981). Below, we discuss the elasticities equation
by equation. '

Superior Cereals Systems A, B and E

Own supply estimates vary from 0.29%* to 0.36%** in the NQ form
and are all statistically significant. Small but signiﬁcant cross elasticities
indicating Compcutlvencss were estimated with oilseeds in system A and
other crops in system B. The All SAT estimates indicate that all Z variables
have a statistically significant positive impact on superior cereals. In the
smaller cotton-groundnut region the rigns are the same but roads and markets
arc not significant. Irrigation and rainfall elasticities have the largest values,
around 0.3%*** for All SAT systems and a maximum of 0.8%** for the
cotton-groundnut SAT. Road elasticities have a value around 0.17%* while
markets and high-yielding varieties have elasticities of less than 0. 1%%¥%,

Wheat (System C)

The supply elasticity is estimated at 0.33, i.c., the same range as for
superior cereals, but is not statistically significant. On the other hand,
increases in jowar and fertilizer prices significantly reduce the attractiveness
of wheat cultivation while higher labour costs tend to increase it. The cross
elasticity with respect to the sorghum price is especially large at —0.35%*.
Wheat cultivation is very responsive to rainfall (0.51**%*) and irrigation
(0.31%*). TIts lack of responsiveness to HYV may be because high-yielding
wheat varieties have not been very suitable for the unirrigated conditions in
the SAT.

Rice (System D) |

Rice supply appears to be slightly more responsive to its awn price than
wheat at 0.47***. Tt competes significantly with other crops D, which in
this case includes primarily the highly input-intensive crops sugarcane,
cotton, tobacco and chillies. These crops are often grown on similar land
of higher quality as rice. Other cross effects are not significant. Rice cultivation
responds primarily to rainfall (0.77*%**) and to high-yielding varieties
(0.53***). The high tesponsiveness to rainfall arises because SAT rice is
either grown under rainfed conditions or grown with small scale irrigation
directly dependent on local rainfall which covers much larger areas in hlgh
rainfall years than low rainfall years.
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Jowar (Sorghum, Systems A, C, D, E)

Jowar is the most pervasive coarse cereal in the four State SAT regions.
The supply elasticity is fairly low (0.15) and not significant when estimated
in all the SAT. However, when estimated in all three sub-zones, its supply
appears highly price responsive with elasticity estimates ranging from 0.38%*
to 0.77***. As mentioned previously, sorghum production appears to be
competitive with wheat in the wheat SAT but complementary with pulses for
the SAT as a whole (0.25%**). Increases in wage rates tend to reduce
sorghum supply substantially (— .32 to —.45**) and the effect is significant
in three of the four systems (in the GL form it is significant in all systems).
Sorghum production is reduced by RAIN and HYK.? The RAIN effect,
however, is large and statistically significant only in system A (—.2%*¥),
The HYK effect is much smaller (—.03** to —.05%**) but significant in
three of the four cases. During the sample years, high-yielding sorghum
hybrids were not yet widely adopted in the SAT and the estimates reflect the
shifts away from sorghum when technology improved in other crops.

Coarse Cereals (System B)

The coarse cereals supply elasticity is estimated at 0.2 but is not
significant. Neither is any of its cross price elasticities. With the exception
of maize, the coarse cereals are fairly drought resistant crops. High rainfall,
therefore, tends to reduce areas planted to these crops and the HYK effect
is similar to the case of sorghum. Regulated market density has a small
statistically significant positive effect on its supply.

Other Coarse Cereals (Systems A, C, D, E)

Other coarse cereals exclude sorghum and comprise a set of crops, each
of which is only important in certain sub-regions of the SAT. Finger millet
is Jargely confined to the low rainfall areas of Karnataka, and kodon and kutki
to the higher rainfall areas of Madhya Pradesh. Pear] millet is important in
certain districts of Tamil Nadu. As mentioned before, own elasticities have
the wrong sign in two cf the three cases. The crops appear to be competitive
with all pulses in system A and with Bengal gram in the wheat SAT.
Complementary relationships appear to exist with oilseeds in system A, with
other crops in system A, C and D, and with cotton in system E. Increased
fertilizer price tends to favour these crops, an effect which is significant in
systems A and E (0.15%#%, 0.21**). This may reflect a substitution of these
crops which use little fertilizer for other crops. As for jowar, higher wages
tend to reduce the supply of these crops, an effect which is significant in
system E only. Other coarse cereals respond negatively to rainfall, an effect
which is significant in the wheat SAT (—.31). They also respond negatively

12.  After a certain level of rainfall, higher rainfall causes waterlogging and the crop is damaged.
This was also observed in a study [Bapna (1973)] in. Kota district of Rajasthan where introduction of
canal water led to decline in kharif jowar because of waterlogging and the fields were kept fallow. There-
fore, the coeflicient of rain is consistent with other observations,
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to increases in HYV acreage, an effect which is always statistically significant
and about twice the size as that for sorghum (—.46** to —.11%%*).
Irrigtion tends to increase areas under other coase cercals, as do road length
and markets in some cases.

Oilseeds (System A) and Groundnut (Systems D and E)

OQilseeds as a whole cannot be shown to be price responsive for the SAT
as a whole. Groundnut supply is elastic in the rice SAT (0.46**) but not
in the cotton-groundnut SAT. Results are thus rather contradictory. The
only significant cross effects are a competitive relation of oilseeds with
superior cereals in System A (—.31**) and 2 complementary one with other
coarse cereals (0.18%*). The latter effect is not significant for the GL
functional form. Oilseeds as a whole (0.30**) and groundnut in particular
(0.41*, system D and 0.76%**, system E) respond sharply to increased
irrigation levels, which is consistent with a priori expectations. In many SAT
areas, high yields of groundnut are only achievable under irrigated conditions
in the winter season. The sharp negative response in all systems A, D and E
to road length is rather unexpected, however. But groundnuts clearly are
associated with higher regulated market densities (systems D and E), whereas
the same is not true for oilseeds as a whole.

Other crops A: This aggregate contains highly input-intensive crops. Its
supply elasticity is not significantly positive.

Other crops E: This aggregate is formed by adding the pulses and three
minor oilseeds to OCROPSA, which increases the aggregate only modestly
(Table II). The estimates for the cotton-groundnut SAT identify a negative
response to increased fertilizer prices (—.19***). Such a negative response
was also found for OCROPSA in the GL form, and may reflect the high
fertilizer intensity of the most important cash crops forming this aggregate.
OCROPSE responds positively to HYK and ROADL (0.14*** and 0.58***
respectively).

Other crops B: This aggregate is the sum of OCROPSE and groundnut.
The importance of groundnut as a SAT crop can be seen by noting that
for the All SAT case the addition of groundnut nearly doubles the ‘“‘other
crops” aggregate (Table II). A positive output supply elasticity is estimated
(0.22%*%). OCROPSB appears to be competitive with superior cereals
(—.14*) but this effect is only significant for the NQ form. On the other
hand, with both forms, a significant negative fertilizer price effect is identified,
an effect which was discussed already for OCROPSE. The aggregate
responds positively to HYK (0.08***), IRK (0.17*), and MKTS (0.08*%).
The irrigation effect is probably carried into the aggregate via the addition
of the groundnuts which have one of the highest irrigation responses.

Other crops C: This aggregate includes OCROPSA, rice, most pulses and
all oilseeds. The major addition compared to OCROPSB therefore is rice,
which in the wheat SAT leads to only a modest increase in the aggregate.
None of the price effects is significant in the NQ form, probably because of
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the increasing heterogeneity of the aggregate. IRK and ROADL have
significant and large positive effects while HYK and MKTS have smaller
negative ones. These estimates now refer to only the wheat SAT, not to.all
of SAT as OCROPSB.

Other crops D: This aggregate contains OCROPSA, wheat (not important
in the rice SAT), all pulses and the oilseeds except for groundnut. It is a
quite different aggregate compared to OCROPSB or OCROPSC and very
heterogeneous. Own supply response has a statistically significant but negative
elasticity. Higher wage rates tend to favour the aggregate, as do higher
percentages of HYV and lower market densities.

All crops: The aggregate output supply elasticity is low (0.09) and not
significant.®® All Z variables, however, have the expected sign. Irrigation
has the highest elasticity (0.17**), followed by regulated market density
(0.10*%**) and high-yielding varieties (0.05***¥). The other effects have
about the same magnitude but are not significant.

Fertilizer (All Systems): As can be seen from Table II, fertilizer use per
agricultural sub-region is about four times as high in the rice or cotton-
groundnut sub-regions as in the wheat sub-regions. One might thus expect
somewhat different responses to fertilizer according to suh-regions. In the
rice SAT and the cotton-groundnut SAT the elasticities are large and
significant (—.90%***, — 62**). However, in the wheat SAT the fertilizer
demand elasticity is not different from zero. Therefore, the fertilizer demand
elasticity for the SAT as a. whole (systems A and D) are lower than for the
sub-regions of intensive use.

The cross elasticity between fertilizer and labour is always positive,
indicating that the two factors are substitutes. NQ estimates range from
0.10 for the cotton-groundnut SAT to 0.82** for the rice SAT. Given the
importance of both labour and fertilizer in crop cultivation, such strong
substitutability is not surprising. For the most aggregative SAT system F, the
cross elasticity estimated at 0.51 is not significant.

In the three “All SAT” systems, fertilizer demand responds positively
to all Z variables, with remarkably similar elasticitics. However, only the
effects of HYK, ROADL and MKTS are statistically significant. A remarkable
finding is the very high elasticity of fertilizer use to road density (0.99%**,
system E to 1.13*** system B). Given the uniform price of fertilizer across
all railhead points, the road length variable may often capture the largest
component of transport cost differences, and stand for an additional dimension
of the fertilizer elasticity with respect to the delivered price.

Measured across all the SAT, regulated market density, high-yielding
varieties and rainfall all have much lower elasticities (between 0.2 and 0.4).
In the rice SAT and the cotton-groundnut SAT these Z variables have
substantially similar effects as those for the All SAT. This, however, is not the

13. An earlier study [Bapna (1981)] found an aggregate supply elasticity of 0-20 for the semi-
arid district of Ajmer in Rajasthan. - While the difference between our elasticity and that of the earlier
study may not be significant, one would expect aggregate supply elasticities for groups of districts such
as our agro-climatic sub-zones to be lower than for an individual district since factor mobility among
individual districts is likely to be higher than among groups of districts.
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case for the wheat SAT. ROADL (4.44%**) and irrigation (1.53**%*) have
substantially higher elasticities than for the SAT as a whole. Remember
that the wheat SAT centres largely on Madhya Pradesh, where irrigation
covers only 5.5 per cent of the gross cropped area and road density is much
lower than for the rest of the SAT. It is also here that no significant own price
effect could be identified for fertilizer demand.

Rainfall Effects

Attempts at measuring rainfall impacts at aggregative levels have been
made repeatedly. Our estimates indicate substantial sensitivity of individual
crops to as crude a moisture index as average rainfall for the following
commodities: rice (0.77***)  wheat (0.51%**), superior cereals (0.15%*
to 0.33%*%*), Bengal gram (0.30%**). Consistent with these estimates js also
the generally positive elasticity of fertilizer use with respect to rainfall,
although the effect is never significant. Sorghum, coarse cereals, and cotton,
on the other hand, tend to have supplies reduced with higher rainfall. In the
case of the coarse cereals, this is probably a substitution effect towards less
drought tolerant crops which have higher returns in the high rainfall years.
For cotton, it may reflect more intensive pest damage in wet years.

DISCUSSION

(1) Symmetry and convexity constraints on the profit function are
only accepted at the most aggregative level (in system F). System B with
four commodity equations still accepts symmetry but not convexity. The
more disaggregated six and seven equation systems reject both sets of
constraints. This holds for both functional forms.

(2) Wherever we can form fairly clear sign expectations (for own
elasticities and for many of the Z variables) the estimates conform well with
these a priori sign expectations. Seven of 32 own elasticities were found to
have unexpected signs, but only in two cases, for the aggregates OCROPS
“and OCRSCER were the elasticities significant. On the other hand, 25 of
the 32 own elasticities had the anticipated signyand 14 were significant. This
demonstrates a remarkable extent of price responsiveness of semi-arid tropical
farmers, who are generally regarded as working under very adverse climatic
conditions where high-yielding technologies have become available only for a
restricted set of crops and cropping conditions.

(3) The “best” equations in terms of a priori sign expectations are for
individual commodities that are fairly widely grown (or used) over the
region wherein they are estimated (rice, wheat, sorghum, fertilizer), or for
commodity aggregates such as superior cereals or coarse cereals which are
also grown in substantial quantities in virtually all agricultural sub-regions.
Substantial difficulties are encountered in estimating equations for aggregates
such as otber coarse cereals or other crops which are heterogeneous and
where the individual components are grown in small amounts or in relatively
small pockets of the zone for which estimates are sought.



SYSTEMS OF OUTPUT SUPPLY AND FACTOR DEMAND EQUATIONS 199

(4) There thus appears to be a trade-off in the levels of commodity
aggregation. The higher the level of aggregation, the easier it is to impose
constraints but the less we can say about price responsiveness of farmers
with respect to individual commodities or well defined sub-aggregates. A
second trade-off relates to the size of sub-zones to be formed. Smaller
sub-zones enable the estimation of elasticities with respect to individual
crops or crop aggregates which are primarily grown in just that sub-zone,
i.e., which are not pervasive across vast zones. But if the estimates are to be
used for simulation or policy work at the national level, this requires the
estimation and Jater use of many systems for many sub-zones. Furthermore,
if one wants to estimate elasticities for fairly location specific crops such as
cotton, groundnut or chickpea, one ends up with zones which are not mutually
exclusive.

(5) We find a fairly high supply elasticities for sorghum (0.38** to
0.77***), the most pervasive coarse cereal in the four SAT States. The
marketed surplus of this crop is a relatively small percentage of the total
harvest. Our estimates, therefore, are not consistent with the view that
supply of subsistence crops is not responsive to price changes. We also find
substantial wage impacts on sorghum supply. Higher cost of labour (or
higher opportunity cost of the farmer’s own time) appears to make sorghum
production less attractive.

(6) The highest supply elasticity (0.70%**) is found for cotton, a
highly labour intensive commodity. It therefore also appears to be extremely
sensitive to wage rate rises with a wage elasticity of —1.37%**,

(7) The response of fertilizer to price and price-like variables is also
substantjal. In the sub-regions D and E where they are widely used, the
price elasticities are: —.62%* and —.90*** respectively. The elasticity of
fertilizer demand relative to road density, a variable which reflects transport
costs, was found to be around one, except in the wheat SAT which has the
lowest fertilizer use and road density, where that elasticity jumps to a high
value of around 4.
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