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I. INTRODUCTION

Agricultural production in India depends upon weather to a great extent
and is bound to be so for a long time. According to the National Com-
mission on Agriculture, it will be feasible to irrigate only half of the gross
sown area even ultimately. Thus the supply of agricultural commodities,
and hence their prices, will be subject to wide fluctuations in the absence
of public policies to stabilize consumption and prices. ‘

Prices of agricultural commodities exercise a dominant influence on the
behaviour of the overall general price level. For economic and political
reasons, stable prices are desirable. Public distribution schemes, procure-
ment prices and buffer-stocks are meant to achieve this goal. To operate
these schemes successfully, summary measures of consumers’ and pro-
ducers’ behaviour like the price elasticities of demand and supply, income
elasticities of demand etc. are necessary.

Estimation of price and income elasticities is a Simple exercise under
conditions of perfect competetion. Numerous estimates of such parameters
exist for the market economies in the West. However, the exercise
becomes a little more complicated in the presence of public policies. For
instance, if there is total rationing of a commodity, at a fixed price, as
was the case for cement until recently, it is impossible to estimate the
price elasticity of demand directly. Partial rationing also poses some
problems in this respect. With more than one price for a commodity, what
is the precise meaning of the terms like ‘price elasticity of demand’?

*Part of the work reported in this paper was done while the first author was visiting
the Development Research Center at the University of Warwick, U.K. during June-
July 1981. The authors would like to acknowledge E. Ahmad, J. P. H. Dreze, and
N. H. Stern for their comments, and B. Ganeshan, B. M. Juyal and R. N. Kar for
their assistance in analysing the data,
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More than thirty years ago, Tobin and Houthakker (1951) remarked
“For better or for worse, controls such as rationing can no longer be
regarded as unusual and temporary. If we regard experience under con-
trols as distorted and discard it as irrelevant to our science, we cut our-
selves off from a major source of modern empirical material”’. Later
developments in applied econometrics do not appear to have been influenc-
ed by this remark. Our knowledge in this direction seems to be almost the
same as it was thirty years ago (except for some interesting developments
in the general equilibrium theory of rationing).

The purpose of this note is to develop some methods to estimate price
and income elasticities of demand for some agricultural commodities
when there is partial rationing.

II. CoNsuUMER DEMAND IN THE PRESENCE OF PUBLIC
DISTRIBUTION SCHEMES

In this section, we will study the consumer demend for commodities when
some of the commodities are covered by the public distribution schemes.
Assume that there are (k + /) commodities, of which ‘.’ are covered by
the public distribution schemes. Consumers are given quotas for commo-
dities available through the public distribution scheme. Wheat, rice and
sugar are some of the commodities covered by such schemes. Thus, for
example, a consumer can purchase maximum of two kilos of sugar per
month at a fixed price in a ration shop. We assume that all commodities
can be bought and sold in the open market. However, to begin with, we
rule out the possibility of resales of commodities bought in the ration
shops. In general there will be two prices for every commodity which is
available in the market as well as the ration shop. The open market price
of a commodity must be at least as high as its price in the ration shop.
The consumer’s problem is to choose a bundle to maximise his preference
subject to the budget and quota constraints.

We can state this problem formally as follows*. Suppose a consumer
has a fixed money income of m Rs., of which my < m is his expenditure
on all goods. Let his preferences be given by a utility function ‘u’. Let
q= (41,93, - . - 5 Gk, gx+1, - - . » qr+t) be the vector of prices in the open
market. Prices of commodities sold in the ration shops are given by
p=(py,...,pr). Forj=1,...,klet Dj denote the maximum quantity
of the jth good which a consumer can buy in the ratioh shop**. Then the

*Consumer behaviour under dual pricing is studied in greater detail in the forth-
coming paper by Chetty and Jha (1984).
**1f <y’ is a vector, we denote its ith component by y;.
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budget constraint is given by

k 1 k
z (P + ('21 Gre+4Xk4i ) =+ 21(4& — po) (max[ x; — D;, 0]) = mq.
1= 1=

B (1)

Consider a consumer who does not buy any commodity in the open
market, when it is available in the ration shop. Then x;, < D; fori =1,
.. ., k. In this case, the constraint (1) reduces to the ordinary budget
constraint

k 1
Z pixi + ‘El Qi+t Xppé = My,
i= i=
Otherwise, the budget constraint is non-linear in quantities. Similarly,
for a consumer who consumes more than the respective quotas of goods
1, ..., k, the budget constraint (1) can be written as

k 4
'21 {p:D; + qi(xi — D))} + '21 Gre+s Xri = My
= 1=

where D; and (x; — D;) are respectively the rationed demand and the free
market demand for goodi = 1,..., k.

Suppose there are only two goods, say, cloth and wheat, and that wheat
is available in the ration shop. The feasible set abc of consumer is shown
in Figure 1.

Wheat #

Fig. 1
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Consider a consumer buying the bundle (x;, »,). The diagram suggests
that, if the consumer is given an additional income of m — m, units of
cloth and if he is asked to make all his purchases in the open market, he
will buy exactly the same bundle (x;, y;) which he was demanding under
the dual pricing scheme. It is also easily seen from the diagram that this
amount is equal to D(¢ — p). This shows that the ration card is worth
exactly D(q — p) units of cloth. It is important to notice that this com-
pensation in income for withdrawing the ration card leaves the consumer
in exactly the same equilibrium position as earlier; i.e. his demand for
goods remaining unaltered. We can obtain similar compensatory schemes
for consumers at other points of the budget boundary. (In standard price
theory, when the price of a good changes, we compensate the consumer’s
income to derive the compensated demand. In this case, the consumer
remains on the same indifference curve, but usually demands of different
basket of goods). For the sake of simplicity we shall now concentrate on
the more interesting case of a consumer buying more than the quotas of
goods 1, ..., k.

When many goods are distributed through ration shops, what is the

compensation required, if the ration card is to be withdrawn ? Intuition

. k

suggests that this amount should be_ Z'l Di(g; — pi), if the consumer buys
i=

some positive amount in all open markets. It turns out that this is exactly
the additional income required. (See Appendix I for proof).
Let us define the compensated income m as

k
m(x, D, p, q) = my + ?—7] D(gi — pi) c(xi, Dy)
i=

where

c(xi, D) =1 if xi — D; > 0, i=1,...,k,
=0 otherwise.

Then the following consumer’s choice problems have the same solution :
(A) Maximize u(x)

k 1
subject to 21 Pixs + £ Gigp Xivr
i= i=1

k
+ 2 (gs — ps) Max (x; — Di, 0) < my
i=1

(B) Maximize u(x)

k+1 _
subject to 2 gxissm
v i
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The second is the standard consumer’s choice problem. Let ¢(p, q, D, m)
and Y(g, m) denote the solutions to problems (4) and (B), respectively.
(We assume that the problems have a unique solution). We can make
use of the equivalence of the two problems to compute various elasticities.
For example, suppose we want to find out the effect of a change in the
price ¢i on the demand for the jth good. That is, we want to compute the
derivative 9¢,/0g; where ¢; denotes the jth component of ¢. Notice that
#(p, g, D, m) = Y(q, m) where m is a function of p, g, D and m.

Hence
oYy

0% oYy A
= + o Di, i=1,...,k (2)

Similarly, the effect of changing the quota D; on ¢; is given by

o _ oW

D, = ag @R i=1 ..k )

These derivatives are easily interpreted. Consider a small increase Agi
in the price of the good ‘i’. For a consumer, who is buying some amount
of this good in the open market, this increases the value of the ration card
by DiAg;. The effect of this on the demand for the good ‘i’ is given by
(0Y./om) - D;Ag;. This term is in general positive. The direct effect of the
increase in the own price on the demand for the good is approximately.
(6%4/39:) Ag,. In general, this term is negative. Hence the total change in
the demand for good ‘i’ is given by

oY 0d¢
= > A —rt Ag:
Ady o0 g + 5 DiAg;
i.e.
Agy o N Di.

Ag;i 0q; om

Taking limits, we have

ob _ﬂ’i._i.ﬂip‘

09 0qs om

which is equation (2). Since the terms on the right hand side are of
opposite signs, the sign of 9¢:/9g« is indeterminate, even if the good is
normal (i.e. positive income elasticity for the compensated demand ¢:).
Hence the free market demand for a good, which is also distributed
through the public distribution scheme, may increase with the increase in
its free market price. However, this is quite unlikely. For converting the
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above equation into elasticities, we have,

g 0% _ 4 od; m oY g D;
b 0g¢ i 0qu diom m

Suppose the price elasticity of compensated demand is —.4 and the income
elasticity is around .5. The term qi Dy/m represented the fraction of com-
pensated consumption expenditure needed to buy the ration quota at
open market prices. A rough estimate of this for foodgrains will be around
5% (15 million X 3000 Rs/84000 crores). Hence the price elasticity will
be around —.375.

Similarly, if the quota for the ith good is increased by AD;, then the
compensated income increases by ADi(gi — pi). The effect of this on good
‘j’ is approximately given by

Agy = _aa%, AD(gi — pi).

Hence

Ady Wy
AD, om (gs ps)

which again agrees with (2). Converting it into elasticities, we have,

¢; AD; b5 Om
The term Di(gqs — pi)/m represents the share of subsidy for the ith good
in the total expenditure and is very small.

From our analysis, it is clear that the change in the usual specification
of the demand functions due to the presence of public distribution
schemes is to use the compensated income instead of the actual income.
But this compensation is a very small fraction of the expenditure. One
may be tempted to argue that this change will not have any significant
effect on the estimates of the parameters. This will indeed be the case,
if all the assumptions we have made to calculate the partial derivatives
are true. :

We will now examine this in some detail. Let the total demand by the
consumer for the ith good ¢«(p, q, D, m) be written as

¢i(+)=F(-)+ D;
where Fi(p, q, D, m) is the demand for the ith good in the open market.
ThCD,\

o _ R
8{]: 0q:

D; A¢y _ m_ Yy p;, & — pi)
—_— —==.
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This means that we can use either the total demand or the free market
demand to study the effect of a change in the open market price. In other
words, in a multiple linear regression model of demand, the partial
regression coefficient of the open market price is the same, whether we use
the total or free market demand. However this conclusion is crucially
dependent on the assumption that the variations in D¢ are independent
of the variations in ¢;. In practice, at times of drought, the open market
price rises. To keep this rise under control, greater quantity of this good
is released through the ration shop. Of course, the increase in such release
is generally not adequate to compensate for the draught. Thus one would
expect D, to increase when g; increases. Then,

o¢; _ oF (a_F, )aD.
oq: g T aD; +1 oq

When the ith good is normal, 9¢;/0D: will be positive. This means that
(3Fi/aDy) + 1 > 0. What can be say about the sign of 9F;/oD; ? Suppose
the ration quota of wheat is increased by a kilo per month per person.
This is equivalent to an increase in income of the consumer. Hence, if
wheat is a normal good, the total demand for wheat will increase. But the
question is whether it will increase by more than a kilo. With an increase
income of one kilo of wheat, if the total demand for wheat goes up by
more than a kilo, the demand for one or more goods must decrease. That
is, there must be one or more inferior goods. In that case, 0F;/oD; will be
positive. Otherwise, it will be non-positive. It is generally observed that
consumers do switch from inferior cereals to wheat and rice as income
increases. Hence, it is quite possible that 9 Fi/9D; is positive. Also, 3Di[ag;
will be usually positive, while 9F;[oq; will be negative. Thus, the use of
total demand in place of the free market demand will result in an under
estimate of the magnitude of the price elasticity. The price elasticity will
be an over estimate and may turn out to be zero or even positive. But this
really depends upon the magnitudes of the income elasticity and the res-
ponse of quotas to change in the open market price, which are empirical
questions. We cannot argue on theoretical grounds that (3 Fi/o.D;) (9Di/3g;)
will be small.

By similar reasoning, we can determine the effect of a change in income
on the total demand for a commodity. We have,

am oD; am om

k
09 _ 0F: oF; oD; 9Ds
om om + jzl + )

At the aggregate level, when the income decreases, as at the time of a
drought, the releases through public distribution schemes must, and often
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do, increase. This suggests that the partial derivative 9D./om must be
negative for all i. Hence, the income elasticities may be under estimates,
when the total demand is used as a dependent variable.

The commodities distributed through the public distribution schemes
are in general not substitutable. One may question this assumption with
respect to some commodities like wheat and rice, but, even in this case,
we are not sure whether they are really substitutes. (A Tamil or a Bengali
may not substitute rice by wheat under most circumstances). Thus one
would expect 9D;/9gi = O for j %= i. This means that the estimates of
cross-price effects are not affected by using the total demand instead of
the free market demand, i.e., 0¢:/39; = 0F:/0q;.

III. SoME EMPIRICAL RESULTS AND THEIR INTERPRETATIONS

In the previous section, we analysed some of the behavioural implications
of a consumer when there are public distribution schemes for some com-
modities. By using micro-data, we can test the validity of these implica-
tions. Since such data are not readily available, we have to make use of
the aggregate data for our analysis. We assume that the demand functions
studied relate to a representative consumer and that the same results hold

for the aggregate demand functions.

(@) Wheat
Suppose the demand functions are linear, Let

nw=a-+bq + cm

where

yt = aggregate (total) demand for wheat in thousand tonnes
g: = retail price of wheat in Rs./Quintal
my = personal disposable income at current prices in crores of rupees.

The subscript ‘¢’ refers to the time period.
Using the data for the period 1961-62 to 1978-79, (see Appendix 2 for
the exact sources of the data), the following demand function was estimat-

ed by the method of least squares™ :

» = 15917.29 + 31.15 q: + 213 my R* =73
(.84) (3.3)
D.Ww. =152
D.F. =15

*Figures within parenthesis are ‘t*-values.
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The elasticities at the mean are :
e, = .13 and e,, = .29.

A positive price elasticity of demand for wheat seems quite unreasonable.
Earlier we argued that the use of total demand instead of free market
demand can lead to over estimates of price elasticities and under-estimates
of income elasticities. When the aggregate free market demand is used
as the dependent variable, we have the following demand functions :

F, = 13502.64 — 7.92 ¢, + .241 my R =76
(—.26) (4.52)

D.W.= 13

D.F. =15

The elasticities at the mean are
e, = —.04 and e = 42

The price elasticity has the right sign, though not statistically significantly
different from zero. The income elasticity has increased considerably.
Thus, ignoring the existence of a public distribution scheme appears to
effect the elasticity estimates even to the extent of reversing the sign. It
should be noted that the wheat distributed through the ration shops is
approximately 21% of total consumption (average for the period). This is
certainly not an insignificant amount to be ignored.

We argued in the previous section that the total demand for wheat is
a function of the free market price of wheat, the compensated income and
the price of substitutes, say rice. A linear approximation to this func-

tion is
ye = F.= Dy = « + Bq, + yma; + 3rt

where y: and F; are as defined before and

GW. = public distribution of wheat in thousand tonnes
GR: = public distribution of rice in thousand tonnes
ri = retail price of rice in rupees per quintal
p, = ration price of wheat in rupees per quintal
st = ration price of rice in rupees per quintal

ma, = compensated imcome

= my + GWi(q: — py) + GRu(rs — sv).
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Hence, we have,
F: = a + Bq¢ + yma: + 3ry + p*
The estimated demand function is :

F, = 9899.7 — 116.684 q: + .173 m; + 108.34 r. + .54 GW; R* = .83
(—2.48) (2.86) (2.35) (2.2)

D.w.
D.F.

1.8
13

I

The elasticities at the mean are :

e, = —.609
ém = .302
e, = 538
ep = 314

All the coefficients are significantly different from zero at the 5% level.
The coeflicients of price and income variables have the right signs. Wheat
and rice are substitutes and hence we would expect the cross-price elasti-
city to be positive. It is indeed the case. The income elasticity is slightly
larger with the inclusion of ‘I’ and ‘D’ than our initial estimate of .29
for the total demand, In the previous section, we argued that the estimat-
ed price elasticities for the total demand will have a positive bias, if
2v/oGW and 9GW/3q are both positive. We notice that o9y/oGW = .54
and significantly different from zero. Also the simple correlation coefficient
between GW: and g, for the period 1961-78 is .64. This is significantly
different from zero (t = Vn—2 r/41 — r* = 3.33). Thus the results
are consistent.

Our estimate of the income elasticity is smaller than th estimates avail-
able in the literature. This could be due to two reasons : 1. Neglecting the
impact of the public distribution schemes ; 2. Use of real income instead
of money income. With respect to the first reason, there is no doubt that
the right dependent variable is the free market demand. As regards the
income variable, first we notice that an 19 increase in real income will
lead to a larger increase in the quantity demanded than that associated
with an 19 increase in nominal income. Thus the elasticity of demand
with respect to nominal income will be smaller. But the question is : what
is the correct income variable to be used in the demand functions ? One
of the reasons for using real income is related to the proposition that

*We also estimated the demand functions using the per capita consumption and
income and also a log-linear model. The results for the per capita variables were not
satisfactory while the results for the log-linear model were similar to the linear model.
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demand is homogeneous of degree zero in prices and money income. But
this proposition is not quite true. The homogeneity postulate implies the
absence of money illusion. Naturally, the standard theory of the consu-
mer must relate to a monotary economy. Each consumer is assumed to
have a fixed money income. Once we recognize the existence of a fiat
money, it is difficult to avoid the complications due to expectations of
prices in future. Thus it is not possible to prove the homogeneity proposi-
tion in a monetary economy without serious restrictions on expectation
formation or savings behaviour (like zero elasticity of savings with respect
to commodity prices). This has been very well brought out in the litera-
ture on Temporary General Equilibrium Theory (See e.g. Grandmont
(1974)). Thus we do not see any reason why we should use necessarily
the real income. The effects of prices are taken into account when the
relevant prices are included. Moreover, empirical evidence is also not in
favour of the homogeneity hypothesis (See e.g. Barten (1977), Deaton
(1979)).

We conclude our discussion of the demand for wheat with a brief review
of the literature. The National Council of Applied Economic Research
conducted an all India expenditure survey in 1964-65 and used this data
to estimate the income elasticities for various commodities. They found
that the income elasticity of demand for wheat ranges from .25 to .48.
These estimates are derived from a linear regression of the per capita
consumption of the commodity on the average monthly income of the
consumption unit and other characteristic of the family like the level of
education attained by the head of the family. Iyengar (1967) used the
N. S. S. data relating to the period December 1955 to May 1956 and
found the income elasticity for urban areas to be .737 and rural areas to
be 1.576. These estimates certainly appear to be rather high. It is difficult
to believe that wheat is a luxury.

(b) Rice

The average distribution of rice during the period 1961-78 is 40.5
million tonnes, of which approximately 3 million tonnes (7.5% of total
demand) were distributed through the fair price shops. Thus the impact
of public distribution schemes is likely to be much less for rice than for
wheat.

The least squares estimates of the log-linear relations are the following :

log R, = 7.63 — .3886 log r, + 4579 logm,  R*=.74
(—2.6) (4.3)

D.Ww. =193
D.F. =15
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where
Rt = total demand for rice in thousand tonnes at time ¢ and r: and m¢

are as defined earlier. The price and income elasticities have the correct
sign and are significantly different from zero, even when we ignore the
effect of public distribution schemes. When the dependent variable is
replaced by the free market demand for rice, we have the following :

log FR; = 7.47 — .5023 log r¢ + .5167 mt Rt = 63
(—2.73) (3.96)
D.W.= 172
D.F. =15
where

FR, = free market demand for rice in thousand tonnes at time ‘¢’.
Again, as expected the estimate of the own price elasticity is smaller and
the income elasticity larger. But R3? is lower and the Durbin-Watson
statistic lies in the indecisive region, indicating possibly some misspecifica-
tion or auto-correlation. Inclusion of the quantity distributed through the
ration shops, GR;, measured in thousand tonnes, results in the following

equation :

log FR; = 8.19 — .3234 log r; + .480 log m; — .147 log GR:
(—1.78) 4.1 (—2.25)

R*= .76
DW.=19
D.F. = 14

While there is some effect on the estimates of elasticities due to the
omission of public distribution of rice, it is not as serious as in the case
of wheat. This is understandable in view of the smaller fraction of rice
distributed through the ration shops. The coefficient of the retail price
of wheat is negative but not statistically significantly different from zero,
suggesting that wheat is not a substitute for rice.* Our results for wheat
suggest the contrary. This may appear to be contradictory at first sight.
But then it should be kept in mind that wheat is mainly consumed in the
north, and rice in the south. The demand functions refer to different
groups of consumer. It is not surprising that consumers of wheat substi-
tute it to some extent by rice, while the consumers of rice do not.

In the N.C.A.E.R. (1962) study, the income elasticity of rice was
found to range from .19 to .28. Iyengar (1967) estimated this elasticity
to be .631 for rural consumer and .227 for the urban. The weighted

*The results of this regression are not reported here.
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average of these estimates; with weights proportional to population, will
be around .5, which is close to our estimated.

As in the case of wheat, the regressions involving per capita variables
give very low R%,

(c) Cereals

Linear and log-linear demand functions for cereals were estimated
using personal disposable income and retail price index of cereals as
explanatory variables. The estimated demand function is :

log C; = 5.72 — .255 log PC; + .428 log m: R*= 89
(—=2.1) (5.0)
D.W. = 1.57
DF. =15
“where

C; = Expenditure on cereals and substitutes in 1970-71 prices in
Rs. Crores.

PC; = Retail Price index of cereal.

For the linear demand function, the coefficient of price is negative but
not significantly different from zero (+ = —1.6) while the income coeffici-
ent is positive and significant (¢ = 2.35). Similarly, the use of per capita
variables resulted in low R? and insignificant coefficient for price.

One may like to compare these elasticities with the elasticities of indivi-
dual commodities like wheat and rice. What can we say in general about
the relation between the elasticities for individual commodities and the
clasticity for a group ? Coansider, for example, the price elasticity. For a
commodity like wheat, there are good substitutes and hence if the price
of wheat increases, its demand will go down due to the substitution effect.
For broad commodity groups like food, clothing, such substitutions are
not possible. Hence one would expect the price elasticity for the group
to be smaller in magnitude than those of individual commodities. But
this will depend very much upon the type of aggregation of commodities
and prices. It is not easy to derive a simple relation between these elasti-
cities.

In the case of cereals, the price elasticity, —.255, is smaller in magni-
tude than those of wheat and rice, —.609 and —.3234. The N. C. A. E.R.
study has estimated the price elasticity as —.37 and the income elasticity
as .616. The same study has also estimated the range for income elasticity
to be .11 to 19 using cross-section data. Iyengar (1967) found the estimate
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of income elasticity to be .595 for the rural consumers and .319 for the
urban.

(d) Major Commodities and Services

Using the time series data on private final consumption expenditure in
the domestic markets for major goods and services reported in the
National Accounts Statistics for the years 1961-78, several demand func-
tions have been estimated. The dependent variable is taken as the con-
sumption expenditure in 1970-71 prices. The implicit retail price index is
derived by dividing the expenditure in current prices by the expenditure
in constant prices and multiplying by 100. The price index for 1970-71 is
taken to be 100. Linear and log-linear regressions were estimated using
the own price index and personal disposable income as explanatory vari-
ables. The best of the two in terms of, signs of coefficients, t-values and R?
are reported in Table 1.

We can make some general observations in these regressions. In most
cases, there is some evidence of serial correlation, indicating possibly
some specification error. The price and income elasticities have the expect-
ed signs and are mostly statistically significantly different from zero and
the values of R? are high:

The coefficients of price for fuel and power, salt, edible oils, and dome-
stic services are not statistically significantly different from zero. That the
demand for salt does not change with a change in its price is only to be
expected. The inelasticity of domestic services with respect to price is also
understandable, since the major cost of domestic services are in real terms
like providing food, clothing and shelter. Also the consumers of these
services belong to the supper income class and are not likely to be affect-
ed by such increases in prices. The case of fuel and power is somewhat
puzzling. Neither the income nor the price elasticity is significantly
different from zero. The variation in the dependent variable is somewhat
limited (coefficient of variation around 119 compared to 25% for the
free market demand for wheat). One may argue that the price of fuel is
so high that any change in price has no effect on consumption. But such
high prices are a recent phenomenon and can not explain the average
behaviour for the period 1961-78. There appears to be some serious
specification error. _

The elasticities for edible oils reveal interesting information. The R? is
reasonably high and the Durbin-Watson statistic does not indicate any
auto-correlation. The income elasticity is positive and significant. But the
price elasticity is not significantly different from zero. One expects this
elasticity to be low, but not zero. However, if this is true, it certainly
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explains the behaviour of the prices of edible oils in recent years. We
notice that their prices have gone up almost by 3009 during the last 10
years. Prices have risen even during the years when production of oil
seeds went up by 25%.

The income elasticities for recreation and entertainment, education
and furniture are greater than one indicating the luxurious nature of these
goods and services. Medical care is highly sensitive to price and income.
The income elasticity is unity. Given the low average income, it is also
understandable to have such high elasticities, inspite of the essential
nature of medical services.

It must be noted that we have not taken into account the various
government welfare measures for distributing goods and services in our
last set of calculations. It would certainly be desirable to take such
information into account in the analysis. But this will involve much more
work. We will conclude our discussion by citing one more example in
this context. In a detailed study of the sugar industry (see Chetty (1981))
the price elasticity of the free market demand for sugar was found to be
—1.65 while our estimate here is —.225. When 2/3 of the output of
sugar is distributed through the ration shops, a serious under estimate of
the price response is only to be expected.
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APPENDIX 1

Assume that a consumer has an initial money income m, of which m > 0 is
for current expenditure. Letq = (q;, s, . .., qs, Gk+1, - - -» Gr+5) e the vector
of prices in the open market and p = (p;, pa, .. ., Pk, 0,0, ..., 0)// be
the vector of prices in the ration shops for the first ‘4’ commodities. The
‘I’ zeros are added for convenience. The ration quotas are given by
D = (Dy, D, D¢ 0,0, ...,0). Consider any consumption plan

x=(X,..., Xp, Xg+1, . . . , Xk+1) With the following properties :
x¢>D;, i=1,....,k (l)
k+1 _ k+1 ~
21 @ixi = m, where m = m + .21 (9 — p)D.. (2
i= i=

We claim that*
px+(@—px—DVO)=me&q-x=m+(q—p):-D

Proof : Noteq-x =m+ (q@—p)+- D
@p-x+@—p-x=m+(@q@—p-D
@px+@—px—D)=m
&p-x+(@—p)(x—DVO)=msincex; >D;i *i=1,. ..,k

Let x* maximize u subject to p - x + (¢ — p) (x — D) = mand X maxi-

mize u subject to ¢ - x = m.

Proposition : If u is strictly quasi-concave and x} > D; for
i=1,2,...,k, then x* = X.

Proof : Suppose not. Let 3= (1 — A) x* 4+ AX. For small A, > D;
fori = 1, ..., k. By our earlier arguments, p-X + (¢ — p) (X — DV 0)
= m. Hence X is feasible under the dual pri/c\ing scheme. This means that
u(x*) > u(x), It is also easily verified that x is feasible under the dual
pricing scheme. By strict quasi-concavity of u, we have u(§) > u(x*), a
contradiction.

I4+-k
*x.oy = T Xy and (x Vy) = (zy, ..., z;,...) where z; = max (xy, y;)
- . i { 74

H
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APPENDIX 2

Sources of Data:

Production, internal procurement, imports, and public distribution of
wheat and rice are taken from the Bulletins on Food Statistics, Data
relating to prices and personal disposable income are from various issues
of the National Accounts Statistics.
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