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Abstract

Policy plannersfacethe challenge of formulating suitable agricultural policy by which therequired growth
in domestic production can be achieved. To attain effective food security policy, one needs reliable
empirical knowledge about the degree of responsiveness of factor demand and output supply for
commodities. Thispaper isan attempt in thisdirection and estimates the factor demand and output supply
elasticity for mgjor cropsgrownin India. These elasticitiesare used to project the domestic supply of major
commodities, viz. rice, wheat, pulse grains, nine major edible oilseeds, and sugarcane under various
scenarios with and without acreage expansion and TFP growth. The results of supply projections are
compared with the food demand and policy prescription to attain food security is suggested.

I ntroduction

Technological change and pricesare theimportant
instrumentsfor accelerating growth in the agricultural
sector. Once an appropriate technology becomes
available, thenitisthe positive pricepolicy that playsa
significant role in stimulating production through the
alocation of desired level of resources. At this stage,
the policy planners face the challenge of formulating
suitableagricultural policy by which the desired growth
ratein agricultural output may be achieved. The output
supply and factor demand are closely interlinked to each
other. Therefore, any change in factor and product
prices affects the factor demand and output supply
simultaneously. To formulate an effective price policy
and food-security policy, one needs reliable empirical
knowledge about the degree of responsiveness of input
demand and crop output supply to input-output prices
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and technological changes. This paper isan attemptin
this direction and estimates the factor demand and
output supply elasticity for major cropsgrownin India
These elagticities have been used to predict the domestic
supply of major commaodities, viz. rice, wheat, pulse
grains, ninemajor edible oilseeds, and sugarcane under
various scenarios with and without acreage expansion
and Total Factor Productivity (TFP) growth. The crops
chosen under the study are important for the food
security of the nation as rice and wheat are the major
sources of foodgrains supply. These two crops share
more than 70 per cent of the total foodgrains and are
the backbone of India sfood and household nutritional
security. Pulses, edible oils and sugar are the major
commodities in the Indian diet. These are short in
domestic supply and significantly depend on imports.

Methodology and Data

The econometric application of the new production
theory based on the duality relationship between
production functionsand variable profit/ cost function
represents a major step forward towards generating
appropriate empirical estimates of agricultural supply
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and input demand functions which are crucia for
application of economic theory for agricultural
development policy (Lauand Yotopoloulos, 1972; Sidhu,
1974; Binswanger, 1974; Yotopolous et al. 1976).
Further, the development of flexible functional forms
by Kumar et al. (1985), and Chand and Kumar (1986);
Bewley et al. (1987); Mundlak (1988), Kumar and
Mruthyunjaya(1989); Rosegrant and Kasryno (1992),
Kumar and Rosegrant (1997); Kumar (1998), and
Kumar and Surabhi (2003) permits the application of
duality theory for amore disaggregated analysis of the
production structurethan hasbeen possible by traditional
approaches. Each alternative supply response model
hasits specific meritsand limitations.

The approach adopted in a supply response study
depends largely on the policy implications which the
researchers plan to highlight. The choice of a model
could also be directed by certain pragmatic
considerations such as data, number of personnel, time
aswell as computing facilities available for the study.
When the aim of the study is comparatively short-run
forecasting of the supply of some subset of products,
single one-stage econometric procedures, such as the
Nerlovian model and series-cross section models, can
be employed to directly estimate the functions using
the market level time series data. For long-term
forecasting of commodities response, a single
independent equation may yield misleading projections.
However, when the central concern of the study isto
derive crop-wise agricultural policy impact, perhaps
relatively comprehensive approaches to supply
response, such as the profit function or cost function
methodol ogy are more suitabl e since these approaches
consider the simultaneity between output supply and
factor demand decisions. Inthe present study, following
Binswanger (1974), translog cost function model has
been used and the system of factor demand equations
has been derived. Using factor demand parameters,
the output supply €elasticities have been derived.

Translog Cost Function Model

For minimization of total cost, C, subject to a
production function, there exists a corresponding
minimum cost function, C*, which may be written as
per Equation (1):

C=f(Q,p ,eeeeeeen- » Pr) (D
where, Q isthe total output and p;s are input prices.

The translog version of the cost function is
considered as one of the general functions for
approximation of production and cost relationship in
agriculture. Thelogarithmic Taylor series expansion of
this function can be written as Equation (2):

INnC=In[h(Y)] +Inv,+Z v; InW, +

1
EZZ7ijInWInWj+Ut ..(2

where, C isthe total cost, Wis the factor prices (p/P),
h (Y) is the scale function of output; v, v;, y; are
parameters of the cost function, and v, is the error-
term.

Constraints and Assumptions underlying the

M odel

(i) Symmetry constraints hold: Equality of cross
derivatives, i.e,

Vi = Vi for dl i,j; i#j

(i) Linear homogeneity in prices: When all factor
prices get doubled, then the total cost must be
doubled, i.e,

D=l Xy,=0 Yy,=0
I i I
forali,j

(i) Monotonicity: Thefunction must beanincreasing
function of input prices, i.e.,

dinl
F:"Iinﬂ':l

=W +z-3"'-:r In FFI =0
4

(iv) Concavity ininput prices: Thisimpliesthat the
0°C

matrix Wiwj must be negative, semi-definite

within the range of input prices.

Factor Demand and Output Supply Elasticity

It has been shown, using Shepherd’'s duality
theorem (1953), that the first derivative of Equation
(2) with respect to logarithms of theinput factor prices
are equal to the respective input sharein thetotal cost.
The input share eguations can be written as Equation

)
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S=v,+).7InW, +aInt+e ; =1, ......... ,n
J
..(3)
where,
S = Shareof thei input in total cost,
W, = Price of thei™ input (p/P),
t = Number of years,
Vi, ¥, O Parameters of the share equation, and
&, = Error-term.

First, a system of share equations from Equation
(3) was constructed by taking thefirst-order logarithmic
derivative of the cost function with respect to input
prices. Then, the last component of Equation (3) (with
i=n) wasdropped and its parameter was obtained using
homogeneity constraints, as:

J.Illrl = E |}rl_l
fal
The parameter y; was obtained from Equation (3)
and information on theinput share available, al partia
elasticities of substitution and elasticities of factor
demand was obtained.

The estimates of y; coefficients were converted
into point estimates of Allen partial elasticities(n;) and
cross elaticities of factor demand ();) according to
thefollowing equations:

if
=—+35, -1 i
M 5 O (for all i)
¥y
n = 5—,{+3, (for all i# )

where, § and § are shares in the total cost of input i
and j, respectively.

Standard errors were computed as:

SE(r)
S,

]

SE(1,)=
and t statistics were computed as:
ty, =11, [SE(n,)

Output Supply Elasticity

From the production function, one can derive the
output supply elasticity w.r.t. output and input pricesas
follows:

Eg == A, fori=1,2,...,n

Ef = 240 wwhere j=1,2...nandi=1,2, .0
i

where,

p; = Priceof theinput,

P = Priceof the product,

S = Quantity of the domestic product,

A, = Shareof thei™input cost in the total revenue,

EsS = Output supply elasticity with respect to the
product price, and

ES = Output supply elasticity with respect to the
factor price.

Supply Growth

Croparea(AREA), totd factor productivity (TFP),
supply dadticity and input output price environment are
the major sources of supply growth. The supply growth
equation for commodity can be expressed as:

S = ESP, + X Efp, + AREA, + TFP,

..(4)
where,
S, = Supply growth for the commaodity,
ES = OQutput supply elasticity with respect to

the product price,
P, = Output price growth,

ES = Eladticity of factor demand for thei® input,
Pig = |Input price growth of thei" input,
AREA, = Acreage growth of the commaodity, and
TFP, = TFPgrowth of the commodity.

Supply Projections

The supply growth equations given above were
used to predict the supply of various commodities under
the baseline assumptions that the observed growth
during 1981-2005 for input-output prices, areaand TFP
would be maintained in the predicted period. The supply
growth has been estimated under the following four
scenarios:

S1= Baseline assumptions as given in Appendix
Table4

S2 = Baseline assumptionswithout TFP growth



4 Agricultural Economics Research Review  Vol.23  January-June 2010

S3 = Basdline assumptions without area growth, and

$4 = Baseline assumptions without TFP and area
growths.

The average production during 2003-2005 (TE
2005) has been used asthe base year domestic supply.
The domestic supplies of major commoditieshave been
explored up to 2025.

S=8* 1+y) -..(5)

where, S isthe supply for acommodity intimet, S is
the base year production and S, isthe predicted growth
under various scenarios. The supply projections were
compared with the projected demand based on arecent
study conducted by Kumar et al. (2010).

The Data

The data on yield, use of input and their prices,
collected under the “Comprehensive Scheme for the
Study of Cost of Cultivation of Principa Crops’ of the
Directorate of Economics and Statistics (DES),
Government of India(Gol), wereused for theanalysis.
Duration of data varied across crops and states. The
maximum period for which data were available was
from 1970-71 to 2005-06. The missing year data on
inputsand their priceswere estimated using interpolation
based on trends in the available data. All data values
used in the estimation are three-year average centred
on a particular agricultural year. Details on baseline
data on area, yield and production are presented in
Appendix Table 1. Among cereals, rice is the major
crop, followed by wheat and coarse cereals. The
domestic production of pulses and oilseeds was 13.8
million tonnes (Mt) and 25.9 Mt, respectively. These
cerealswere short in supply inrelation to the domestic
reguirement in the country, the reason for which can
bemainly attributed to their low productivity.

Theuseof inputsand yield achieved at farms seem
to be higher for sample farmers than the national
average for rice, wheat, coarse cereals and pulses and
littlelower for oilseeds and sugarcane (Appendix Table
2). The use of inputs varied across crops and the
averagepriceof inputsdid not vary significantly across
Ccrops.

Results and Discussion

The restricted estimates of the parameters of
transl og cost function model obtained from estimating

the four factor share equationsjointly are presented in
Appendix Table 3. Mot of therestricted estimateswere
significant for human labour, animal labour, machine
labour and fertilizer for al crops. The coefficient of
thetime variable was negative and significant for animal
labour share equation which means that at constant
factor prices, the factor share of animal labour would
declinewnhichimpliesnon-neutral technical change over
timefor all the crops. The use of human labour would
declinewithtimefor wheat, coarse cereals, edibleails,
and sugarcane. The coefficient of time was positive
and significant for machinery and fertilizers, hencethe
technologica changewas saving of animal labour and
use of machinery in al the crops and fertilizer-use for
rice, wheat, pulses and sugarcane. Thus, technological
change was biased towards machinery and fertilizer-
use for all the major crops.

The parameters of the share egquation have little
economic meaning. They are best evaluated by the
values they return for the elasticity of factor demand
and elasticity of substitution for major cropsin India.
The input demand elasticity estimates with respect to
own and cross priceswere computed for human labour,
animal labour, machine labour, and fertilizers. The
matrix of input demand elasticity ispresented in Tables
1 to 5 respectively for human labour, animal labour,
machinelabour, fertilizersand other inputs (irrigation,
plant protection and others). As expected, al owninput
priceeadticities of demand had statistically significant
negative signs. The elasticities of factor demand
differed significantly from crop to crop and within a
crop, from one input to the other, depending on the
technology used. The own-price elagticities of input
demand were estimated to be maximum for machine
labour (-0.95), followed by irrigation & plant protection
(-0.71), fertilizer (-0.64), animal labour (-0.49) and
human labour (-0.30). These estimates indicate that
demand for modern inputs is sensitive to their price.
On the policy front, a reduction in the prices of
machinery and fertilizer through subsidy isexpected to
expand fertilizer-use and mechanization of farming and
may |lead to enhancement of the crop productivity.

Human Labour Demand

The human labour demand el asticity with respect
towageswassignificant for all crops, except sugarcane
(Table 1). It was found highest for oilseeds (-0.50),
followed by wheat (-0.31) and rice (-0.16). A positive



Kumar et al. : Factor Demand, Output Supply Elasticities & Supply Projections for Mgjor Crops of India 5

Tablel. Estimatesof human labour demand elagticitiesfor crops, I ndia

Crop Input price
w/P b/P m/P r/P iP
Rice -0.1680** -0.0177 0.0640** -0.0086 0.1303**
(-4.95) (-0.89) 4.02 (-0.47) (6.74)
Wheat -0.3060** 0.1540** 0.0035 0.1693** -0.0210
(-8.65) (881 (011 (6.81) (-0.65)
Pulse grains -0.2332** -0.0822** 0.1246** 0.0656** 0.1253**
(-4.21) (-2.69) (4.25) (289 (B3
Oilseeds -0.5021** -0.0071 0.0222 0.2071 0.2799**
(-14.70) (-0.35) (0.76) (1001 (7.37)
Sugarcane -0.0768 0.0871** 0.0221 -0.1073** 0.0749**
(-184) 4.31) (092 (-392 (310
All crops -0.3017 0034 0.0372 0.0867 0.1424

Note: The figures within the parentheses are the corresponding student t-statistics

Here, w=Wage (Rs/hour), b= Cost on animal labour (Rs/hour), m= Cost on machinelabour (R¥hour) P = Price of crop (RY
100kg), r = Cost of fertilizer (NPK) (Rs/kg), i = Cost of irrigation (R5ha)

Table2. Estimatesof animal labour demand dasticitiesfor crops, India

Crop Input price
w/P b/P mP r/P i/P
Rice -0.0582 -0.2802** 0.2439** 0.019% 0.0749
(-0.89) (-397) (629 (0.39) (163
Wheat 0.3727+* -0.6213** 0.1856** -0.2018** 0.2648**
(881 (-13.26) (399 (-4.41) (5.40
Pulse grains -0.1897** -0.1543 0.2704** -0.0118 0084
(-2.69) (-188) 4.84) (033 (126)
Oilseeds -0.0176 -0.4878** -0.0043 -0.0291 0.5388**
(-0.35) (-851) (-0.07) (-0.76) (7.25)
Sugarcane 0.7560** -0.7777+* -0.2332 0.2571 -0.0022
4.31) (-5.50) (-199) 175 (-0.02)
All crops 02111 -0.48% 0.1309 0.0188 0.1287

Note: The figures within the parentheses are the corresponding student t-statistics

Here, w=Wage (Rs/hour), b= Cost on animal labour (Rs/hour), m= Cost on machinelabour (R¥hour) P = Price of crop (RY
100kg), r = Cost of fertilizer (NPK) (Rs/kg), i = Cost of irrigation (R¥ha)

Table 3. Estimatesof machinelabour demand e asticitiesfor crops, India

Crop Input price
w/P b/P n/P r/P i/P
Rice 0.3920** 0.4536** -1.2564** 0.0635 0.3473**
(4.02 (6.29) (-1531) (0.95) (5.01
Wheat 0.0070 0.1515** -0.3236** 0.2307** -0.0656
(011 (3.96) (-3.20) (4.20) (-0.62)
Pulse grains 0.4123** 0.3879** -0.7598** 0.0426 -0.0830
4.25) (4.84) (-6.20) (0.76) (-0.80)
Oilseeds 00841 -0.0065 -1.3750** -0.1327 1.4301**
(0.76) (-0.07) (-7.56) (-1.3%) (7.40)
Sugarcane 02275 -0.2770* -1.4102 1.4267+* 0.0330
(092 (-198) (-5.14) (6.92) 023
All crops 00372 0.1309 -0.9506 0.0882 0.2153

Note: The figures within the parentheses are the corresponding student t-statistics
Here, w=Wage (Rs/hour), b= Cost on animal labour (Rs/hour), m= Cost on machinelabour (R¥hour) P = Price of crop (RY
100kg), r = Cost of fertilizer (NPK) (Rs/kg), i = Cost of irrigation (R¥ha)
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Table4. Estimatesof fertilizer demand elagticitiesfor crops, India

Crop Input price
w/P b/P m/P r/P iP
Rice -0.0345 0.0238 0.0415 -0.2452** 0.2144**
(-047) (0.39) (095 (-357) (4.30)
Wheat 0.3111** -0.1532** 0.2147+* -0.3504** -0.0222
(6.81) (-4.41) (4.20) (-5.63) (-0.34)
Pulse grains 0.6424** -0.0500 0.1259 -0.8004** 0.0911
(283 (-0.33) (0.76) (-512) (051
Oilseeds 0.9695** -0.0550 -0.1639 -1.1183** 0.3677+*
(1001 (-0.76) 139 (-9.21) (2.66)
Sugarcane -0.3256** 0.0899 0.4201** -04278** 0.2434**
(-39 175 (692 (-4.32) (384
All crops 0.4051 -0.0456 0.0882 -0.6458 0.1982

Note: The figures within the parentheses are the corresponding student t-statistics
Here, w=Wage (Rs/hour), b= Cost on animal labour (Rs/hour), m= Cost on machine labour (Rs/hour) P = Price of crop (Rs/
100kg), r = Cost of fertilizer (NPK) (R/kg), i = Cost of irrigation (Rs/ha)

Tableb. Estimatesof irrigation demand elasticitiesfor crops, India

Crop Input price
w/P b/P m/P r/P iP

Rice 0.3375 0.0589 0.1469 0.1339 -0.6823
Wheat -0.0269 0.1403 -0.0426 -0.0155 -0.0553
Pulse grains 02324 0.0687 -0.0465 0.0173 -0.2718
Oilseeds 04288 0.3330 05780 0.1203 -1.4601
Sugarcane 0.1169 -0.0004 0.0050 0.1252 -0.2467
All crops 0.2489 0.1636 02153 0.0895 -0.7172

Note: The estimates were derived using homogeneity condition, as explained in the methodology section.
Here, w=Wage (Rs/hour), b = Cost on animal labour (Rs/hour), m= Cost on machinelabour (Rs/hour) P = Price of crop (Rs/
100kg), r = Cost of fertilizer (NPK) (R/kg), i = Cost of irrigation (Rs/ha)

sign for cross price elasticity with respect to the price
of other variableinputs showsthat the pair issubgtitutive
and anegative sign isthe indicator of complementary
relationship. Human labour and bullock labour had a
substitutive relationship for wheat and sugarcane, and
complementary relationship for pulse crops. Human
and machine labour had a substitutive relationship for
rice and pulses. Human labour had a substitutive
relationship with fertilizersfor wheat, pulsegrains, and
oilseeds, and a complementary relationship for
sugarcane. Human labour had asubgtitutiverelationship
with irrigation for all crops, except wheat. However,
for the crop sector as a whole, human labour had a
substitutiverelation with al theinputs. Withinflationin
wages, human labour will be substituted by machine
labour, fertilizer and irrigation. It is likely to induce
efficiency in crop production and may improve
productivity and yield.

Animal Labour Demand

The animal labour demand elasticity with respect
to animal labour wages was negative and statistically
significant for all crops, except pulse grains (Table 2).
It ranged from -0.15 for pulsesto -0.78 for sugarcane.
A 10 per cent risein animal labour wage, would lead to
a reduction in its use at an average rate of 4.9 per
cent. The use of animal labour had substitutive
relationship with machine for rice, wheat and pulses.
Thissuggeststhat anincreasein the anima labour wage
would induce mechanization in the rice-wheat system.
However, it had a complementary relationship with
fertilizersfor wheat and substitutive relationship with
irrigation for wheat and oilseeds. Looking at al the
cropstogether, arisein the cost of animal labour would
induce use of modern inputs and machine labour to
enhance the productivity of farm.
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Machine Labour Demand

The machine labour demand el asticities (Table 3)
ranged from -0.32 for wheat to -1.41 for sugarcane,
with average elagticity to thetune of -0.95. The machine
labour demand was more sensitive to its price as
compared to the demand of other inputs. A 10 per cent
increaseinthe price of machinelabour to farmerswould
lead to adeclineinitsuseby 12.6 per cent for rice, 3.2
per cent for wheat, 7.6 per cent for pulses, 13.8 per
cent for oilseeds and 14.1 per cent for sugarcane.
Subgtitutive relationships exist between machine labour
and animal labour for rice, wheat and pulse crops and
of machinelabour and human labour for riceand pul ses.

Fertilizer Demand

The own price elasticity of demand for fertilizer
(Table 4) was-0.24 for rice, -0.35 for wheat, -0.81 for
pulses, -1.12 for oilseeds, and -0.43 for sugarcane.
Taking all the cropstogether, with 10 per centriseinits
price, the demand for fertilizer would get reduced by
6.5 per cent on an average. However, the reduction in
the use of fertilizer will be substantial for oilseeds and
pulses. Fertilizer was found to be aweak complement
and substitute of inputs for rice. But, it had a strong
complementary relationship with bullock labour and was
astrong substitute for human labour and machinelabour
for wheat. In the case of sugarcane, fertilizer and
machine labour were strong substitutes.

Irrigation Demand

Theown priceelagticity of irrigation demand (Table
5) was estimated to be -0.72. It varied substantially
acrosscrops, from-0.055 for wheat to -1.46 for oilseeds.
With 10 per centincreaseinirrigation price, the demand
for irrigation would decline maximum for oilseeds
(14.6%), followed by rice (6.8%), pulses (2.7%),
sugarcane (2.5%) and minimum for wheat (0.6%).
Crosspricedadticitiesof irrigation demand with respect
to wages, animal labour wage, machine charges and
fertilizer price were positive for the crop sector,
indicating substitutive relationships.

To sum up, the wage rate has depicted a negative
effect on the use of human labour and a positive effect
on the use of machine labour, fertilizer and irrigation.
Thisimpliesthat with an increasein the wages, human
labour becomes more costly. Once human labour
becomes costly, the process of substitution from human

labour to machine labour takes place. Mechanisation
induces fertilizer-use and irrigation and the trade-offs
between theseinputsimprove production efficiency and
yield. Higher animal labour chargeswill induce higher
use of machinelabour, asit resultsinto the substitution
of bullock use to machine use. Own price el asticity of
demand for machinelabour and fertilizer hasbeen found
highly negative and significant. The subsidy on tractor
and fertilizer would induce higher use of moderninputs
and improve farming efficiency and productivity.
Fertilizer price policy hasadifferential effect on crops.
A gradual increase in fertilizer price has not declined
the use of fertilizer in rice and wheat as compared to
other crops. These crops are the technologically
advanced crops and the relative profitability of these
cropsishigh (Kumar, 1998).

Growth of Input Demand

Using factor demand elasticities and input-output
price structure for the period 1981-82 to 2005-06, the
growth rates of various inputs under different crops
were estimated assuming no changein fixed factorsor
technology (Table 6). Theinput-output price structure
had resulted in a decrease in the use of human labour
by 3.1 per cent for oilseeds, 1.7 per cent for pulses, 0.8
per cent for rice, and 0.6 per cent for wheat. It aso
had a negative effect on the demand for animal labour.
However, the demand for modern inputs, viz. machine
labour, fertilizers and irrigation would increase
substantially for most of the crops. Thefocusof modern
inputs is likely to shift from rice and wheat to pulses
and oilseedsto induce higher yields, asthese cropsare
in short supply in the domestic market. The predicted
growth in input demand as compared to the observed
growth in the past would be slowed down if the past
structure of input-output prices is maintained in the
future too, without any technological change. Thus, it
isexpected that the demand for inputswould grow at a
dower rate than that achieved in the past. It may slow
down the yield growth for these crops.

Supply Response Elasticities

Theoutput supply elasticitiesfor mgjor cropswere
computed from the factor demand elasticities and are
presentedin Table 7. The output supply elagticitieshave
shown the response of output price and input priceson
thesupply of mgjor cropsof India. Among crops, highest
supply elasticity with respect to its price was for
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Table6. Observed and predicted growthsof input demand by crop in India: 1981-2005

Inputs Rice Wheat Pulse grains Oilseeds Sugarcane
Observed growth ininput-use
Human labour -0.19% -15126 -0.1334 -05733 0.3872
Animal labour -3.8379 -89311 -4.9164 -4.5583 -4.9548
Machine labour 5.8011 48545 7.3174 7.7651 7.9007
Fertilizer 35455 25468 86492 49247 28128
Irrigation 45274 46017 55978 4.2060 18118
Predicted growth ininput-use
Human labour -0.7772 -0544 -17214 -30519 00850
Animal labour -16321 -2.7335 -1.93H -2.8089 01190
Machine labour 35679 10363 45252 0.1064 -15580
Fertilizer 0.2615 0.7447 3.1003 55466 -0.9649
Irrigation 16187 0.9662 1.629 45532 05779
Table7. Supply responseelasticity for different cropsin India
Variable Rice Wheat Pulse grains Oilseeds Sugarcane
Own crop price (P) 0.2357 0.2164 0.1695 05079 01216
Input price
Human labour (w) -0.0017 0.0163 -0.0007 -0.0011 0.0021
Animal labour (b) -0.0004 -0.0288 -00012 0.0021 -0.0002
Machinery (m) 0.0004 0.0095 0.0020 0.0168 -0.0020
Fertilizer (r) 0.0001 -0.0095 -0.0013 0.0062 0.0045
Irrigation (i) 0.0017 0.0125 0.0012 -0.0240 -0.0044

oilseeds (0.51), followed by rice (0.24), wheat (0.22),
pulses(0.17) and sugarcane (0.12). Theinput response
elastictieswere highly inelastic, nearly zero. The crop
price had a dominating response on supply of
commodities and therefore apositive price policy will
enhance domestic supply of food commaodities.

Supply Projections

The supply growth was predicted using the supply
response elagticitiesandisgivenin Table 7. The base-
line assumption for factor and product price, acreage
and TFP growth are given in Appendix Table 4 for
major crops and the results are presented in Table 8
under four different scenarios. The growth for various
commaoditieswas estimated using Equation (4) and was
found to be higher than that achievedin the past, during
1981-2005. The estimated growth under various
scenarioswas assumed to prevail in future also. Based
on the estimated supply growth, as given in Table 8,
the supply for various commodities has been projected
using TE 2005 as the base year production and is

presented in Tables 9 to 13. The estimated production
for the years 2006-07 to 2009-10 were observed to be
closer to the production achieved during thisperiod (Gol,
2009). The domestic supply and demand projections
for each commodity under study are presented in the
subsequent section. A comparison of scenarios1 and 2
assesses the effect of TFP growth. A comparison
between scenarios 1 and 3 assesses the effect of area
response on supply, while the comparison between
scenarios 1 and 4 demonstrates the effects of TFP and
arearesponse on the supply of commodities.

Rice

Theannual growthinricesupply ispredicted to be
2.64 per cent corresponding to the baseline scenario.
Asthe possibility of area expansion is limited, under
the assumption of no area expansion as shown in
scenario S3, the supply of ricewould grow annually by
2.26 per cent. Under scenario S2 without TFP growth,
the supply is estimated to grow at the rate of 1.92 per
cent annually. However, under the scenario $4 (without
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Table8. Projected growth of domestic supply of food commaoditiesin India

Scenario Rice Wheat Pulse grains Oilseeds Sugarcane
S1 264 282 106 507 307
Y 192 226 118 466 256
3 226 21 135 3 153
A 15 155 147 343 102

S1 = Baseline assumptions as given in Appendix Table 4
S2 = Baseline assumptions without TFP growth

S3 = Baseline assumptions without area growth

4 = Baseline assumptions without TFP and area growths

growth in TFP and rice area), the rice supply would
grow at a smaller rate of about 1.54 per cent.

The domestic supply of rice under the baseline
scenario (S1) is projected to be 102.7 Mt in the year
2010 and will grow to 117 Mt by theyear 2015, 133 Mt
by theyear 2020 and to 152 Mt by theyear 2025 (Table
9). Looking at the supply and demand balances for
rice, it appears that the demand for rice will be met in
the future with a surplus of 2 Mt in the year 2010 and
asubstantial surplusinthe subsequent years. However,
under scenario S4 (without TFP and rice areagrowths),
Indiamay not be a net exporter of rice. Thus, thereis
aneed to strengthen the efforts on maintaining the TFP
and increasing the yield per unit area through public
investment in irrigation, infrastructural development,
research, efficient use of water and a balanced use of
plant nutrients.

Wheat

The projected annua growth in wheat supply is
estimated to be 2.82 per cent under the baseline
scenario. In the absence of TFP growth, wheat
production would grow at the rate of 2.26 per cent per

annum. Under the assumption with no growth in
acreage, thewheat production would grow by 2.11 per
cent. Under the scenario 4 (without growthin TFPand
wheat ared), the supply would grow at a smaller rate
of about 1.55 per cent. The domestic supply of whesat
under the baseline scenario will be 82.8 Mt in theyear
2010 and will grow t0 95.1 Mtin 2015 and 125.7 Mt by
2025 (Table 10). Considering the baseline scenario
without TFP growth, the domestic supply of wheat will
be about 90 Mt by the year 2015 and 112 Mt by the
year 2025. If TFP growth isnot maintained, thelossin
wheat production will be substantial, about 6 Mtinthe
year 2015 and 13 Mtin 2025. A look at the scenario S3
revealed that the area response remained one of the
important sources of domestic supply. However, the
possi bility of areaexpansionwaslimited. In the absence
of area expansion, the loss in wheat supply will be 7
Mtin 2015 and 17 Mt by theyear 2025. Thislossneeds
to be compensated for by increasing yield levels per
unit of land. The domestic whesat supply in scenario 4
(without TFP and whest area growths) is projected to
be 77 Mt in the year 2010 and will grow to 83 Mt by
2015, 90 Mt by 2020 and 97 Mt by 2025. This scenario

Table10. Projected domestic supply and demand of wheat

Table9. Projected domestic supply and demand of rice, India inlndia
(Mt) (Mt)
Year Supply scenario Demand Year Supply scenario Demand
S1 S2 S3 S4 S1 S2 S3 S4

TE2005 8778 8778 8778 87.78 93.16 TE2006 7004 7004 7004 7004 7084
2005 9011 8947 877 814 .46 2005 7202 7162 7152 7113 7231
2010 10267 9842 10041 9624 100.67 2010 87/ 8010 7940 7683 7954
2015 11698 10827 11231 10391 106.82 2015 9514 859 8315 8298 8724
2020 13329 11910 12561 11219 112.79 2020 10935 10020 9787 8963 9%5.31
2005 151.88 13101 14050 12153 117.34 2025 12568 11206 10866 9681 104.01
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islikely to occur and the nation woul d face the shortage
of indigenous wheat to match the domestic wheat
demand. However, under scenarioswith TFPresponse
or arearesponse, wheat demand in future will be met
with amarginal surplus. This emphasizes the need of
strengthening the effortsat increasing wheat production
through technological change and raising resource
productivity in the less devel oped aress.

Pulse Grains

The production of pulsesis amost stagnating at
the level of 14 Mt due to negative growth in area and
TFP. Theprojected annua growth of pulsegrainsunder
the baseline scenario is 1.06 per cent. The negative
area and TFP growths lower down the production of
pulse grains by 0.41 per cent per annum. The pulse
grains production isprojected to be 15.6 Mt intheyear
2015 and will grow to 17.3 Mt by theyear 2025 (Table
11). The supply will fall short of the demand for pulses
under al the scenarios. The policiesthat may increase
TFP growth and area expansion in the long-run can
help in keeping abal ance between domestic production
and demand for pulses.

Oilseeds

Theannual growth in domestic production of nine
major oilseedsisestimated to be 5.1 per cent under the
baseline scenario, whichismuch higher than envisaged
inthe past, during 1981-2005 ( 3.1%) with areagrowth
of 1.8 per cent, and TFP growth of 0.41 per cent. The
domestic supply of oilseeds under baseline scenario
will beabout 34.9 Mtin 2010, 44.7 Mtin 2015, 57.2 Mt
in 2020, and 73.3 Mt in the year 2025 (Table 12).
Considering the baseline scenario without TFP growth,
the domestic supply of oilseedswill be about 42.8 Mt
in 2015 and 67.5 Mt in 2025. The contribution of TFP
growth is projected to be 1.9 Mt in the year 2015 and
5.8 Mt in the year 2025. The scenario of oilseeds
production without area expansion is estimated to be
39.3Mtintheyear 2015 and 57.2 Mt intheyear 2025.
Under the scenario $4, the supply is projected to be
37.6 Mt in 2015 and 52.7 Mt in 2025. Thus, without
TFP growth and area expansion under oilseeds, the
domestic production will fall short of the domestic
demandfor edible dils. Thereisaneed for strengthening
effortsto enhance production of oilseedsby increasing
their productivity through raising resources for

Table11. Projected domestic supply and demand of pulsegrainsin India

(Mt)

Year Supply scenario Demand

Sl S 3 S Pulse grains Pulses
TE2005 1383 1383 1388 1388 1396 1256
2005 1403 1405 1407 1409 1430 1287
2010 14.79 1490 1505 1516 1597 14.37
2015 1560 1580 16.10 1631 1805 1624
2020 1645 16.76 1722 1755 2062 1855
2025 17.34 17.78 1842 1888 2387 2148
Table 12. Projected domestic supply and demand of oilseedsin I ndia

(Mt)

Year Supply scenario Demand

S1 S 3 A Oilseeds Edibleoils
TE2005 259 259 259 259 3097 9.29
2005 2726 2715 2694 26.83 3181 9
2010 3490 34.09 3252 3L76 3HA 10.78
2015 44.69 4281 39.26 3759 1134 1240
2020 5722 5375 47.40 44.49 48.35 1450
2025 7327 6749 5722 52.66 57.62 17.29
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Table13. Projected domestic supply and demand of sugarcanein India

(Mt)

Year Supply scenario Demand

SL 2 3 A Sugarcane Sugar
TE2005 252.78 252.78 252.78 252.78 25567 2045
2005 2604 25025 256.65 25536 26082 20.87
2010 30305 294.16 276.838 268.64 28614 2289
2015 35250 333.78 208.70 28261 31382 A1
2020 41001 37873 3225 297.30 A3 2751
2025 47691 42073 347.65 312.76 382.66 3061
investment inless-developed areasandintroducingnew  Conclusions

technologies.

Sugar cane

Under the baseline scenario, the annual growthin
sugarcane production is estimated to be 3.07 per cent,
which is higher than that observed during 1981-2005
(2.23%). Under scenario without TFP growth, supply
will grow at agrowth rate of 2.56 per cent. Sugarcane
supply would be augmented significantly asaresult of
area response. Thus, under the assumption without
acreage response, sugarcane production would grow
a the annual growth rate of 1.53 per cent. Under the
scenario S4 (without growth in TFP and sugarcane
area), the domestic sugarcane production would grow
at a smaller rate of about 1.02 per cent. The area
response remains one of the important sources of
domestic supply of sugarcane.

The domestic supply of sugarcane under baseline
scenario will beabout 303 Mtin 2010, 352 Mtin 2015,
410 Mt in 2020, and 477 Mt in 2025 (Table 13).
Considering the baseline scenario without TFP growth,
the domestic supply of sugarcane would be 334 Mt in
2015 and 430 Mt in 2025. The contribution of TFP
growth isprojected to be 19 Mtintheyear 2015andis
assessed tobe 47 Mt in 2025. The scenario of sugarcane
production without area expansion is estimated to be
299 Mtintheyear 2015 and 348 Mtin 2025. Under the
scenario $4, the supply is projected to be 283 Mt in
2015 and 313 Mt in the year 2025. The domestic
production of sugarcanewould fall short of the demand
of sugar in Indiaunder the scenarios S3 and $4, but the
supply would be surplus if the scenarios S1 and S2
would prevail inall theyears.

Empirical studies on the dynamics of supply and
demand of food crops are valuable for a country like
Indiafrom the point of view of food security, and often
serve the purpose of providing important insights to
policy planners regarding the existing state of affairs
and futuredirectionson food self-sufficiency. Thisstudy
has estimated the factor demand and output supply
elagtictiesfor mgjor food cropsin India. Theelasticities
provideinsights on the responsiveness of output supply
and factor demand to changes in product and factor
prices. The estimates have been used to arrive at the
short- and medium-term supply projections of these
crops. The projections have been carried out under
four different scenarios of growth in crop area, total
factor productivity and input-output prices and
essentially comparethe changesin supply of important
food commaodities under these potential scenarios. An
assessment of crop demand-supply balance for these
aternative scenarios providesvaluableinsights on the
possible levels of self-sufficiency for each of the
selected cropsin future.

The results have suggested that the demand for
rice and wheat will be met in future with a marginal
surplus/deficit under the scenarios of with or without
TFPgrowth and acreageresponse. However, itishighly
likely that pulse grains, edible oilseeds and sugarcane
would be short in supply of demandinthe coming years
under study. The policiesthat can help in maintaining
the TFP growth in thelong-run will be ableto keep the
bal ance between domestic production and demand for
cereals, pulses, edible oilsand sugar. Thisemphasizes
the need for strengthening the efforts at increasing
production potential through public investment in
irrigation, infrastructural development, agri-research
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and efficient use of water and plant nutrients (Fan et
al., 1999; Kumar et al., 2008).
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Appendix Table 1

Baseyear area, yield and production of different crops: TE 2005and TFP growth: 1975-2005

Crop Yield (t/ha) Area(Mha) Production (Mt) TFPgrowth (%)
Rice 205 4272 87.78 067
Wheat 264 2648 7004 192
Pulse grains 063 204 1388 012
Oilseeds 098 26.35 5% 0.76
Sugarcane 6257 404 252.78 -041
Gol (2009)
Appendix Table 2
Input use, pricesand yield for cropsin India: TE 2005
Particulars Rice Wheat Pulse grains Oilseeds Sugarcane
Averageuseof inputs(TE 2005)
Human labour (hours/ ha) 839.3 3928 3605 5075 15359
Bullock labour (Pair hours/ ha) 0.0 218 240 438 R5
Fertilizer (NPK inkg/ ha) 1146 1490 255 66.0 269.7
Machine (Rs/ha) 1510 2876 1066 1507 7!
Irrigation (Rs/ha) 8% 1770 29 &3 1444
Averageinput price(TE 2005)
Wage (Rs/ hour) 745 816 6.66 733 530
Anima [abour (Rs/hour) 1615 227 2562 20.88 274
Fertilizer price (Rs/ kg NPK) 1252 1259 1413 1355 951
Cropprice (Rs/100kg) 536.7 6304 15254 16344 63.3
Yidd (o/ha) 34.00 30.76 7.00 1148 568.7
Appendix Table 3
Restricted estimatesof the coefficientsof translog cost function and t-ratiosfor major cropsin India
Input Input price Year Irrigation  Intercept
w/P b/P m/P r/P i/P
Rice
Human labour 0.1695 -00771 -0.0065 -0.0606 -0.0253 -0.0008 -0.0148 21800
(1052 (-8.17) (-0.86) (-6.97) (-2.76) (-111) (-5.99) (149
Animal labour -00771 00831 0.0240 -0.0143 -0.0157 -0.0037 -0.0272 7.6246
(-8.17) (8.16) (4.29) (-199) (-2.37) (-5.83 (-11.18) (6.03)
Machine labour -0.0065 0.0240 -00259 -00043 0.0127 0.0018 0.0040 -35962
(-0.86) (429 (-4.07) (-083) (2.36) (455 (2.75) (-4.49)
Fertilizer -0.0606 -0.0143 -0.0043 0.0756 0.0037 0.0031 0.0191 -6.2483
(-6.97) (-19 (-0.83) (9.26) (062 (550 (9.96) (-5.48)
Others? -0.0253 -0.0157 0.0127 0.0037 0.0246
Wheat
Human labour 0.1189 0.0082 -0.0470 0.0005 -0.0806 -0.0022 -0.0190 48403
(1091) (153 (-4.89) (0.06) (-8.10) (-4.76) (-5.90) (5.18)
Animal labour 0.0082 00320 0.0038 00471 0.0031 -0.0087 -0.0346 17.6621
(153 (5.36) (063 (-8.09) (050 (-2345) (-10.69) (23.75)
Machine labour -0.0470 0.0038 00812 0.0098 -00478 0.0061 00218 -12.1274
(-4.89) (063 (5.15 (115 (-2.84) (12.05) (6.16) -11.9000

Contd.
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Appendix Table 3 Contd.

Fertilizer 0.0005 -0.0471 0.0098 0.0808 -0.0441 0.0029 0.0341 -5.6827
(0.06) (-8.09) (115 (7.75) (-4.06) (540 (940 -5.3800
Others? -0.0806 0.0031 -0.0478 -0.0441 0.16%4
Pulses
Human labour 0.1456 -0.1113 -0.0011 0.0095 -0.0427 0.0019 0.0027 -3.3759
(6.24) (-8.66) (-0.09) (099 (-270) (1.89) (1.03) (-1.69)
Animal |abour -0.1113 0.1210 0.0261 -0.0100 -0.0258 -0.0049 -0.0137 10.0216
(-8.66) (8.07) (257 (-1.55) (-209) (-6.51) (-5.27) (6.66)
Machine labour -0.0011 0.0261 0.0144 -0.0001 -0.034 0.0028 0.0077 -5.5098
(-0.09) (257) (092 (-001) (-2.97) (4.08) (4.09) (-399)
Fertilizer 0.0095 -0.0100 -0.0001 0.0063 -0.0058 0.0020 -0.0047 -3.9437
(0.9 (-155) (-0.01 (093 (-0.76) 423 (-390 (-4.15)
Others? -0.0427 -0.0258 -0.034 -0.0058 0.1137
Edibleoilseeds
Human labour 0.0407 -0.0656 -0.0323 0.0485 0.0088 0.0061 -0.0242 -11.6580
(302 (-8.25) (-2.80) 599 (059 (9.06) (-8.18) (-8.73)
Animal labour -0.0656 0.0662 -0.0173 -0.0181 0.0448 -0.0034 -0.0201 7.0369
(-8.25) (6.16) (-1.86) (-2.98) (3.78) (-6.50) (-7.60) (6.73
Machine labour -0.0323 -0.0173 -0.0499 -0.0226 01221 0.0048 0.0052 -95340
(-2.80) (-1.86) (-263) (-219) (6.07) (6.62) 57 (-6.56)
Fertilizer 0.0485 -0.0181 -0.0226 -00171 0.0093 -0.0004 0.0110 0.8243
(599 (-2998) (-219) (-1.67) (0.80) (-0.74) (5.59) (0.80)
Others? 0.0088 0.0448 0.1221 0.0093 -0.1849
Sugar cane
Human labour 0.2131 0.0157 -0.0103 -0.1184 -0.1002 -0.0023 -0.0446 51105
(1113 (1.70) (093 (-944) (-9.09) (271 (-4.63) (309
Animal labour 0.0157 0.0001 -0.0147 0.0056 -0.0116 -0.0041 0.020 8.0001
(170 (1.20) (-2.36) 072 (-262) (-865) (3.27) (8.66)
Machine labour -0.0103 -0.0147 -0.0202 0.0567 -0.0116 0.0033 0.0083 -6.5197
(-0.93) (-2.36) (-1.66) (6.19) (-1.79) (6.20) 174 (-6.19)
Fertilizer -0.1134 0.0056 0.0667 0.0636 -0.0076 0.0050 -0.0226 -95711
(-944) 0.72) (6.19) (4.26) (-0.79) 6.23) (-29) (-6.06)
Others? -0.1002 -0.0156 -0.0116 -0.0076 0.1349

Notes: Redtrictionsimposed werey; = y;and X y; = Ofor all i, j.
3estimates derived from homogeneity constraints
If t, 5 = 1.96, coefficient issignificant at 0.05 level; If t,,, = 2.58, coefficientissignificant at 0.01 level
The figures within the parentheses are the corresponding student t-statistics
Here, w=Wage (Rs/hour), b = Cost on animal labour (Rs/hour), m= Cost on machine labour (Rs/hour) P = Price of
crop (Rs/100kg), r = Cost of fertilizer (NPK) (Rs/kg), i = Cost of irrigation (R5/ha)

Appendix Table 4
Annual growth of input-output prices, areaand TFPfor cropsin India: 1981-2005

(Per cent)
Price Rice Wheat Pulse grains Oilseeds Sugarcane
Human labour 1010 11.39 1091 1183 11.68
Bullock labour 1095 1382 1269 1140 1104
Machine labour 6.12 6.12 6.12 6.12 6.32
Fertilizer 473 532 5.66 576 5.30
Irrigation 585 585 585 585 599
Crop price 6.59 7.79 8.76 6.73 832
Areagrowth 038 071 -029 123 14
TFP growth* 0.72 056 -012 041 051

*Source: computed by authors



