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FOREWORD

Many developing countries are under
strong political and humanitarian piressure
to keep food prices—-at least those faced by
low-income consumers— low. At the same
time pressure {0 provide remunerative prices
to agricultural producers frequently in-
creases, and such prices may be essential if
agricultural output is to grow enough to
meet domestic food, employment, and de-
velopment needs. This often results in com-
plex systems of consurner price subsidies
and producer levies. Consequently, difficult
decisions need to be made in setting fiscal
and monetary policy and in making the
system a country chooses cost effective,

The International Food Policy Research
Institute has been pursuing a multipronged
approach to these increasingly important
and complex problems. Several studies have
examined the efficiency of food subsidy
schemes. The effects of food aid, multi-
lateral financing of food imports, and other
food stabilization efforts by the donor com-
munity are under study. The ways new tech-
nology affects fluctuations in food avail-
ability have been studied intensively, z2s
have a wide range of crop and food supply
insurance schemes. Several IFPRI studies
have examined a wide range of price effects
on food availability.

This report by Raj Krishna and Ajay
Chhibber applies ecoromic modeling io
increase the efficiency of policies in such
diverse but interrelated areas in tha operation
of a public grain distribution system as
stocking. purchasing. pricing, and trade.
India. a large country with a long history of
operating a public distribution system, is
ideal for developing such a model. Raj
Krishna hrings to this study his long exper-
ierce with and well-developed convictions
ahbout food policy. He is the author of an
early study of the response of farmers in
developing countries tc relative price changes,
and he has served as a member of the Indian
Planning Commission and of the Indian
Agricultural Prices Commission. In the latter
position he tock firm public stands on a

number of controversial issues. For example,
he was an opponent of the zoning systems
used to facilitate large purchases of grain in
parts of the country producing surpluses for
distribution to low-income people. These
and similar positions form an important part
of the hackground for this report and its
stated assumptions.

Other researchers will undoubtedly ex-
amine the same problems as Raj Krishna and
Ajay Chhibber. Some will assume that eco-
nomic development in [ndia will proceed at
a rate somewhat more in keeping with its
current stage of development than the his-
torical rate assumed in this report. Some
may want to use more nearly pure income
and price elasticities rather than, as in this
analysis, higher ones that include the effects
of changes in taste. The framework provided
can accommodate such approaches,

In its practical conclusions, the study is
particularly useful in pointing to analytical
approaches that reduce the size of camryover
food stocks while meeting consumption
stabilization objectives. Current extraor-
dinarily high real interest rates and the
generally high costs of holding stecks make
such econories urgent. The savinigs shown
bv the autho.s are high, and they come in
part from reduction in stocks, which were
very large in the recent past. These stocks
were accumulated through producer incen-
tives, which were probably too high, but
which were difficult to reduce until complex
and time- consuming political processes were
hegun. Researchers will benefit immeasur-
ably from the clear statement of the problem
of operating a public distribution systen,
the display of the authors® assumptions for
their model, and the careful development of
a relevant model.

John W. Mellor

Wasti.ngton, D.C,
May 1983
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SUMMARY

In marty developing countries the govern-
ment has divided the grain market into two
sectors: an open market and a government-
run, concessional food supply system. The
concessior.al system is a necessity where
mass poveity exists; it makes it possible to
provide a minimum food supply to the poor.
In operating thiz system the policymakers
face the problem of ensuring this supply at
the least possible cost to the sovernment.

This paper presents a model that can
enable policymakers to solve this problem.

The importance of wheat in India’s over-
all grain supply increased greatly after the
“green revolution™ began in the late 1960¢.
The growth rate of wheat production between
1967/68 and 1980/81 was more than double
the growth rate of production of all grains.
Wheat now makes up more than a guarter of
total grain output and over half of the gov-
ernment's grain supply.

This expansion of wheat production
brought about drastic changes in govern-
ment operations, Concessional sales of
wheat remained between 4.5 and 8 million
tons. But imports became negligible. And
stocks, which seldom exceeded 3 million
metric tons before 1975, exceeded 10 million
between 1977 and 1979. This has raised the
annual loss on the government's wheat oper-
ation to more than Rs 4 billion.

The model presented here approximares
the present Indian wheat system. It has
equations for supply, demand, imports, and
government purchases and sales estimated
with data for 1661-78. It shows that the system
is highly sensitive to changes in prices. In
fact, the suppiy of wheat responds to prices
more like a commercial than a subsistence
crop. The demand for wheat also responds
more sensitively to prices than is usual for
subsistence crops. Imports, concessional
sales, and government purchases of wheat
were also found to be sensitive to price
movements.

The model shows that the consumption
of wheat is also unusually sensitive to changes
in income. Wheat consumption per capita
has grown raster than per capita income.

Wheat is clearly a highly preferred good.

Finally, the model shows that concessional
sales are sensitive to changes in total expen-
diture and that government procurement is
highly responsive to output.

The mode! was used to make projections
of output, procurement, concessional sales,
imports, stocks, and the open market price
of wheat for 14 years, 1379-92. These projec-
tions, the “consistent projections,” were
made assuming that the government and the
market interact in the same way during the
projection years as in the past. It was also
assumed that the irrigation ratic continues
to grow. And though the general rate of infla-
tion remains 10 percent, the two administered
prices—the procurement price and the issue
price—remain constant in real terms.

The projections were made using three
scenarios. In the basic scenario, rainfall is
norinal every year. In the drought scenario,
rainfall is 10-20 percent less than normal in
6 of the 14 years. In the drought and exchange
shortage scenario, a 10 percent decline in aid
utilized is added to the monsoon shortfall.
These latter scenarios indicate the impact of
the two major external shocks that affect the
Indian grain system.

The projections show that the demand
for concess onal sales will be 8-9 million
metric tons each year during the next decade.
These sales will maintain per capita average
supply at a higher level than in the past,
even in drought years, In the projections,
the policy variables adjust rationally and
flexibly to changes in supply, demand, and
foreign-exchange availability. The system
also proves to be virtually self-reliant. The
reduction in the availability of foreign ex-
change does not affect either the output or
the real price of wheat.

But the current system keeps large stocks;
the inventory nearly doubles by the end of
the projection period. This raises the cost of
the system: the discounted present value of
the losses of the system range between Rs75
billion and Rs 105 billion over the projection
period. In order to examine whether this cost
can be reduced while consumption grows,

Previous Page Blank



dynamic programming projections were made
with alternative assumptions.

In these projections, concessional sales
{issues) and procurement were allowed to be
higher than their values in the consistent
projections. But imports were not allowed to
be greater than in the consistent projections.

Minimum opening stocks were to be either
25 or 50 percent of issues. As opening stocks
were 19 percent of issues in 8 years of short-
age in the 1960s and 1970s, 48 percent in
normal years, and more than 100 percent in
the surplus years of 1976-78, the 25 percent
figure seems reasonable. The 50 percent
figure provides a greater margin of safety.

Simulations were run using the two mini-
mum limits on stocks, in all three scenarios,
and both permitting and prohibiting exports.
Thus a total of 12 simulations were made.

The simulations show the average per
capita concessional consumption in all three
scenarios to be greater than in the past. Pro-
jected per capita consumption of wheat, in-
cluding open market and concessional sales,
is also 20 percent larger than in the estimation
period.

This growth of consumption has two
evident causes. Firs¢, the steady growth of
output makes more wheat available. And,
second, the demand for wheat increases faster
than income.

In the programming projections, the cost
of the system is reduced. The cumulative loss
in the basic scenario falls from Rs 105 billion
in the consistent projections to Rs83 billion
in the programming projections when ex-
ports are not permitted. It falls to Rs43 billion
when exports are allowed and minimmum
stocks are 50 perc:nt of issues, and to Rs 29
billion—27 percent of the consistent pro-
jection figure—when exports are allowed
and minimum stocks are 25 percent of issues.

These figures are somewhat larger in some
'of the drought and drought and exchange
shortage projections, but they are in most
cases nearly half of the cost in the consistent
projections.

Stocks would be larger than necessary for
the concessional system in some years,
according to the programming projections.
The excess could be exported, but it would
be better to use it for the food- for-work pro-
gram that would reduce rural unemployment,
or for the supplemental nutrition: program,

Two conditions are crucial to the success
of the operating rules suggested by the simn-
ulations. The first is that the proportion of
wheat area that is irrigated continues to grow.
The second is that real procurement and issue
prices are kept stable,

The projections demonstrate that if in-
ventory and trade policies are rationalized,
the government can ensure that per capita
consumption rises and yet reduce the cost
of the system to about a third of what it would
be if cumrent policies were continued. This is
possible even when rainfall is below normal
and foreign exchange availability is reduced.

The kind of model developed in this re-
port can be used each year by governments
to find the optimum values for the four main
variables involved in governmaent operations:
purchases, sales, imports, and stocks. A by-
product of simulatinns of the kind made here
is that they indicate the demand a rationally
managed wheat system in India will make
on world supplies. The model here shows
that, if policies are changed, India will need
toimport over the next decade only between
a haif milion and a million metric tons of
grain in some of the normal years and a little
more than a million metric tons in drought
years.
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INTRODUCTION

Deliberate segmentation of the grain
market by the government into concessional
and commercial markets is an important
feature of food policy in developing coun-
tries. Typically, the government purchases a
part of the domestic marketed surplus of
grain, monopolizes imports, and channels
the resulting supply to the low-income,
ration- card- carrying population at a subsi-
dized price. Researchers have modeled dual-
market regimes of this kind in order to
answer a variety of questions. Scandizzo
and Knt .n and Hayami and Subhbarao
derived theoretical expressions for the net
social gain from a regime with two different
demand curves.! Hayami and Subbarao also
measured this gain with the known supply
and demand elasticities for India. Scandizzo
and knudsen did the same for Bangladesh,
Sri Lanka, Indonesia, and Morocco. World
Bank researchers computed the social costs
and welfare effects of farm price policies in
Argentina, Egypt, Kenya, Pakistan, Portugal,
Thailand, and Yugoslavia, several of which
have dualistic food regimes.?2 Other re-
searchers quantified the effects of PL 480
food aid. which is usually channeled into a
~oncessional marke*, on output, prices, and
food availability, with parameters derived
from their own estimated models.3

Since concessional grain imports into

India were negligible in the 1970s, measuring
their effects is no lnnger important. Measur-
ing the welfare cost of the two-market
regime by the net loss of the sum of producer
and consumer surpluses in comparison with
a hypothetical equilibrium regime is also
unsatisfactory as a guide to policy. The
identification of welfare with the sum of
areas under demand and supply curves has
numerous theoretical difficulties, which
researchers recognize but cannot overcome
in their empirical work.4 Moreover, the
surplus apprcach merely generates negative
judgments about all interverntions, without
addressing the many concerns of policy-
makers or devising second-best policies.5 If
income cannot be redistributed directly and
if the low-income population of a poor
country would suffer unacceptable cuts in
food consumption at market- clearing prices,
a concessional (subsidized) food supply
system becomes a necessity. One of the
main tasks of an analysis, then, is to identify
the policy mix with which the government
can make the necessary minimum supply
available to low-income consumers at the
lowest possible budgetary cost.

In order to address this optimization
problem, this report presents an estimated
simultaneous-equation model of the wheat
sector in India. (Earlier models are reviewed

! Pasquale Scandizza and Ocdin K. Knudsen, “The Evaluation of the Benefits of Basic Needs Policies,” American
Journal of Agnrultural Economics 62 tFebruary 1980} 46-37; and  Yujiro Hayamiand ¥ Subbarao, * Does Price Distor-
tion Necessarily Reduce social Welfare? The Case of Producer Levy in India,” Institute of Economic Growth, Delhi,
March 1981 1\imeographed.)

? pasquale Seandizzn and Colin Brure, Methodologtes for Measunng Agnicultural Price Intervention E ffects. World Bank
Staff Werking Paper No 3941 Washington, ) € [nternational Bank for Reconstruction and Development, June 1980).

3 for Brasil. Colombia. and Peru, Lana [ Hall, " Evaluating the Effects of PL480 Imports in Brazil's Grain Sector,”
Amencan Joumcd of Agreultural Feonomics 62 (February 1980) 19-28: for Egypt, Grant M. Scobie and Alberto Valdeés,
“tnod [mports, Government Policy and the Balance of Payments— The Case of Wheat in Egypt,” International Food
poliey Research Institute. Washington. D €. June 1981 {mimeographed). and for India. David Blandford and
Ioachim A wvon Plocki “Evaluating the Disincentive Effect of PL480 Food Aid: The Indian Case Reconsidered,”
r.ornell International Agrenlture Muneograph 33, Department of Agricultural Economics, Cornell University. Ithaca,
NY O b 1977

4 Seandizzo and Briuce, Methodologies for Measuring Price Fffects 1. M. Currie, J. A. Murpny, and A. Schmitz, “The
Coancept of Eeonomie Surplus and [ts Use in Economic Analvsis.” Feonomic Journal 81 (December 1971): 749-799:
and Willard W Cochrane, “Some Nonconformist Thoughts on Welfare Economics and Commaodity Stabilization
policy. Amencaa Journal of Agneultural Economucs 62 (August 1980) 508-511.

S Cochrane " Some Nonconformist Thoughts ™



in Appendix 1.) The model stresses the dual-
ism of domestic demand and imported sup-
plies, and the interaction of government-
determined and market-determined prices
and quantities. The reduced form of the
model is derived to obtain multipliers that
measure the marginal effects of changes in
important environmental and policy variables
on output, market prices, and government
decision variables. “Consistent” projections
of endogenous prices and quantities are
made for the period 1979-92. And, finally,
optimal, least-cost values of government-
decision variables are derived for the same

14-year period with a dynamic optimizing
model. In this model the sum of the present
value of the annual financial loss of the
government's wheat operation during the
period is minimized subject to inequaiities
reflecting the concerns of policymakers.6
Consistent as well as optimal simulations
are derived for “normai” years, "drought”
years, and years of drought and foreign
exchange shortage. They show that the loss
can bereduced to a fraction of what it is now
with more rational policies, while conces-
sional consumption and inventories remain
at satisfactory levels.

* The total financial loss to the government from operations with all foodgrains was approximately Rs 7 billion in the
single fiscal year 198182 (India. Ministrv of Finance, Budget 1982/93 Finance Minister's Speech [Part A} [New Delhi:
Controller of Publications, February 1982}, p 12) This amount alone accounts for about 4| percent of the total
budgetary deficit of the central government

12
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THE BACKGROUND OF GOVERNMENT POLICY

AND OPERATIONS

A two-niarket foodgrain regime has existed
in India since World War [I, though the
proportion of the total grain supply handled
by the government has varied. Government
policies toward purchases, sales, imports,
and stocks have also varied from year to
year and state to state. The two important
administered prices for major grains—the
purchase (procurement) price and the issue
(concessional wholesale) price— have been
announced every year and revised with
increasing frequency. And the controls ex-
ercised over the movement, storage, and
pricing of grain in the open market have
oscillated from extreme rigor to almost total
deregulation. Several detailed descriptions
of these policy shifts are available.” Here, it
will be enough to provide a few salient facts,
pertaining especially to wheat policy, as
essential background for the modeling ex-
ercises that follow.

The Government's Share
of the Grain Supply

The importance of government operations
is indicated by the ratio of concessional
sales (issues) to the total availability of
foodgrains in the country, the latter being
defined as net output plus net imports plus
the reduction in government stock 8 (Avail-
ability so defined differs from consumption,
for availability includes the change in private
stocks, for which {igures are not available.)

Between the early 1950s and late 1970s,
total grain availability in India increased 82
percent from 58 to 105 million tons because
average gross output itself nearly doubled,
increasing from 63 to 120 million tons.? Is-
sues through the public distribution system
averaged 4.6 million tons in the early 1950s
and 11 million tons in the late 1970s, or 8
and 11 percent of availability (Appendix 2,
Table 15).19 Thus the government has been
bandling only about a tenth of the total
supply in recent years. But in the exceptional
drought years of the mid-1960s it handled
14 percent.

The Importance of Wheat
in Government Operations

The dominance of wheat in the growth
of grain production is evidenced by the
increase in wheat production from a mere
6.5 to 36.5 million tons (5.8 percent a year),
while grain production rose from 51 million
tons in 1950/51 to 130 million tons in
1980/81 (only 2.5 percent per year). During
the “green revolution” (1967/68-1980/81),
the growth rate of foodgrain production(2.4
percent) decelerated from the growth rate
achieved hetween 1949/50 and 1964/65 (2.9
percent). The growth of the production of
rice, pulses, and cereals as a whole also
slowed down. But the growth rate of wheat
production accelerated from 39 to 5.5 per-

T John Wall CFnodgrain Management Pricing. Procurement. Dhistribunion, Import and Storage Policy.” in India
Orcasinnal Papers World Bank Staff Warking Paper No 279 (Washington, D.C. International Bat:k for Reconstruction
and Dewelopment Mav 1978). V' K Garg, State in Foodgrain Trade in [ndta ( New Delhi: Vision Books, 1980); Raj Krishna
and €, $ Ravchaudhun Some Aspects of Wheat and Rice Price Policy in India. World Bank Staff Working Paper No. 381
twashington [0 Internatunonal Bank for Reconstruction and Development, 1980); and R N Chopra, Evolution
of Food Policy v India 1Delhy Macmullan and Co . 1981)

* svailability, supply. and absorption  areused synonymously in this report. Net output is gioss output minus a
12 5 percent allowance for seed, feed and wastage

* Throughout this report. ToNs ' dre metric ons

19 The public distnibution system 15 the government's concessional sales network. “PDS supplies,” “concessional
sales © and “13sues” are synonvmous

13



cent.!! So the share of wheat in total grain
output doubled from about an eighth to a
fourth. And wheat alone contributed more
than half of the total increase in grain
output during the time of the green revolu-
tion. Thus the green revolution in India has
been predominantly a “wheat revolutior..”

While the share of wheat in the total grain
supply increased from 11 to 27 percent, its
share in the public-sector supply rose from
43 1060 percent hetween the early 1950s and
the late 1970s (Appendix 2, Table 16).

Wheat has, in fact, been the mainstay of
the public distribution system, constituting,
over the last decade, not only 60 percent of
concessional sales but more than half of
government procurement, and 86-91 per-
cent of grain imports (Appendix 2. Tables 16,
17, and 18). Therefore the impoitance of
modeling and rationalizing Indian wheat
policy cannot be overemphasized.

Sources of Supply

The relative contributions of three sources
of supply—procurement, imports, and de-
pletion of inventories—to the concessional
sales of wheat are brought out in Agpendix 2,
Table 19. Until 1966, domestic procurement
provided, on the average, less than 2 percent
and imports almost 100 percent of issues;
there was a small increase in the inventory.
But within six years of the introduction of
the new high-yielding s ariety (HYV) tech-
nology (1967-72), output growth enabled
procurement to roughly equal issues. In
1972, imports provided only 5 percent of
issues. In the next four years {1973-76),
both procurement and imports (mainly com-
mercial, because concessional imports were
nearly cut off) formed more than 70 percent
of issues; and the government inventory
grew to an unprecedented size (12.5 million
tons in 1976). In the next two years record
harvests reduced impons to less than a half
million tons (from the usual 3-7 million
tons). and 90-95 percent of government
sales came from domestic procurement and
inventory depletion. Thus the remarkable

growth of wheat output in the last 15 years
made a heavily import-dependent public
distribution system almost completely self-
reliant.

Procurement

As Appendix 2, Table 20 shows, between
1959/60 and 1966/67. the all- India procure-
ment/output ratio (PQR) averaged less than
2 prrcent, evidently beccuse of the availabil-
ity of concessional imports. The procurement
ratio became significant only in 1967/68
after arecord harvest \hat year and aiter the
hig increase in procurement prices in the
previous marketing season. This was the
first normal season after the introduction of
the new HYV technology. In the next four
years (1968/69-1971/72), the PQR rose from
14 102! percent. Punjab and Haryana farmers
soid between one-half and one-third of
their wheat crop to the government.!2 in the
1574 marketing season the government in-
treduced the “socialization” of the wheat
trade, which meant ihat market arrivals were
purchased solely by state agencies. The PQR
remained high in that ye. r (18 percent) but
lower than the peak (21 percent) reached
earlier. In the 1965 marketing season the
procurement price was raised by 38 percent
to the high of Rs 105 per quintal {(from Rs 76
inthe preceding year); yet the PQR suddenly
sank to 9 percent. There are two reasons for
this decrease: output declined by about 3
million tons and a 50 percent compulsory
levy was imposed on traders (in place of
monopoly purchase). Sirce the market price
far exceeded the procurement price, and
was expected to rise siill further, traders
preferred to sell in the open market, or hold
on to their stocks, rather than sell to the
government; so the levy was widely cvaded.
In the next five years (1975/76-1979/80), as
output rose and government policy was
relaxed, the PQR recovered and averaged
about 20 percent.

Twa striking facts are brought out by this
brief account of the evolution of wheat pro-
curement. First, the proportion of whe=*

"' [nternational Bany for Reconstructior and Development. Economir Sttuation and Prospects of India (Washington,

DG IBRD, Apni 1982, pp 273-275

'3 Raj Knshna and G S Raychaudhun “Some Aspects of Wheat Price Policy in India.” Indian Fconomic Review 14

(October 1979
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output handled by the government escalated
from 2 to 20 percent with:n two decades.
And, second, the experience of 1974 and
1975 illustrated the self-defeating nature of
systems of procurement like monopoly pur-
chase and high compulsory levies.

In general, five systems have been used
by the central government and the states to
obtain grain for the public distribution
system. outright acquisition of stocks from
traders; monopoly purchase, under which
farmers are allowed to seli grain only to the
government or its agents; a compulsory
progressive levy on farmers. traders, or
millers. which requires them to deliver to
the government a proportion of their output
or turnover, the proportion being larger for
larger units; preemptive purchases in the
market, with the government exercising the
legal right of prior purchase of any lot of
grain sold in the market at the going price;
and open-market purchases at the going
price without preemption or compulsion.'?

As noted above, the states have used
Jifferent systems for different crops, and
changed these systems from year to year.
The kind of system-mix that can exist in any
year is illustrated by the arrangements in
effect for the procurement of wheat in 1975.
Gujarat, Madhya Pradesh, Maharashtra,
Rajasthan. and Uttar Pradesh used progres-
sive levies. Bihar had a proportionate levy
{15 percent) on all stocks held and purchases
made by wholesale and retail traders. Mad-
hya Pradesh collected a 16.25 percent levy
on all wheat exported by traders from one
zone to another even within the state, in
addition to a progressive levy on farmers.
Punjab and Haryana collected a 50 percent
levy after the attempted socialization of
trade in 1974 13

But for wheat. the details of variationsin
purchase systems have little significance,
because Punjab and Harvyana, which con-
tributed 60-90 percent of all-India procure-
ment in the decade 1967-77 (Appendix 2,
Table 21). have purchased most of their
grain 11 the open market at the prevailing

Y hopra Fuolution of Food Policy Chapter 26

price, with the right of preemptive purchase
exercised by goverrunent agents only occa-
sionally (except during the brief experiment
with socialization and the 50 percent levy in
1974 and 1975). This is confirmed by the
difference between the procurement and
market prices of wheat in Punjab during
1968-75. In six of the eight years the two
prices were either identical or differed by
less than 5 percent (Appendix 2, Table 22).

There are strong arguments against im-
posing on farmers a price less than the
market price for government purchases.
First, there is no reason why the burden of
financing a food subsidy should be placed
on the farmers alone, and not on the overall
resources of the government. Second, farm-
ers and traders—especially the more re-
sourceful—can and do evade lower-price
procurement. And, third, if lower-price pro-
curement is made to succeed through coer-
cion, it would decelerate the growth of
output and procurement over a longer run.
The whole experience of alternative purchase
systems in India suggests that the most
rational and effective system is open- market
purchase, combined, where necessary, with
the government's preemptive right to pur-
chase lots at the market price.

The determination of procurement Prices
has been debated extensively in India.!5 But
there is a consensus that the support price
should cover at least the full average cost of
production, including the cost of family
resources valued at market prices. It has
been shown that the procurement price of
wheat did not cover the full average cost in
the 1950s and early 1960s; but in the late
1960s the prosturement price exceeded the
full average cost in the major wheat- producing
states hy a comfortable margin of between
11 and 66 percent (Appendix 2, Table23). In
the 1970s. too, the procurement price was
consistentiy above cost (in the Punjab)
although the steep increase in the prices of
fertilizer and other inputs reduced the margin
in some years (Appendix 2, Table 24). If
sustained growth of output and procurement
is desired, an assurance that the full average

1 ndia Miruste, of Agricnlture Directorate of Foonomics and Statistics, Bulletin on Food Statistics 1976 (New Delhi:

ontroller of Pubhications 1976

Y [1fsetzativ e recent studies are Krishnia and Rave haudhuri, Some Aspects of Wheat und Rice Pohcy. D.S. Sidhu, Price
Policy for Wheadin indigNew Dethy S Chand and €6 1979, 2.d K Subbarao, “Farm Prices A Survey of the Debhate,”
Instirute of Economic Groatn, Delh Septeriber 1981 | Vimeographed )
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cost will be covered will continue to be
necessary.

Concessional Scles

The main, avowed purpose of a dual-
market regime is to keep a minimum portion
ot the grain supply within reach of the
vulnerable low-income population. In a
country like India where mass poverty forces
malnutrition on at least a quarter of the
population even in nornal years, any sig-
nificant increase in the market-clearing
price of grain due tc drought or t;1flation can
easiiy result in mass starvation. This was
illustrated dramatically by the drought of
1967, when only a massive expansion of the
public distribution system averted tragedy
in the drought-affected areas, particularly
in Bihar.

However, the Indian nublic distribution
system has normally served a different and
more limited purpose, namely, to make a
part of the grain requirzments of the urban
population available at a subsidized price.
The rural areas, wheve 80 percent of the
population below the noverty line reside
(they are mostly landless workers and small-
farm owners) are hardly served by the system.
The number of “fair price shops” or ration
shops grew impressively from about 47,000
in 1961 to 239,000 by 1978 'Agpendix 2,
Table 25), and it is reported that the proportion
of outlets in the rural areas has risen. But no
data are available about the proportion of
grain flowing through them into the rural
areas, or about the distribution of cardholders
or supplies among income classes. Therefore
little can be said about the extent to which
the vulnerable sections of the population
have really been served by the system.
Knowledgeable administrators report infor-
mally that almost the whole supply of the
public distribution system goes to the middle-
income and low-income urban population,
except in emergencies, when the flow to
rural areas affected by drought or flooding is
increased. Kerala is the sole state in which
the system normally serves almost the whole
population,

There have heen many exercises to define
the vulnerable population at whoin the

public distribution system should be targeted,
the alternative standards of per capita supply,
and the total grain requirements of a ration-
alized and more purposeful public distribution
system. These have beenreviewed by Gupta.!6
It has been proposed that the system cover
the landless rural households, and urban
households that do not pay income tax,
Recommended per capita norms have varied
between 100 and 180 kilograms per year,
and estimated total requirements between
4.5 and 30 million tons. But these calculations
remain mere exercises. For the government
has never had the will to target supplic., or
even to reduce the well-known abuses of
the system,

Data have not even been tabulated about
the annual variations ii each state in entitle-
ments or actual deliveries per card or house-
hold. Therefore only aggregate issues per
capita can be discussed. During 1961-78,
overall grain supply per capita averaged 163
kilograms per year (in the range of 146-175
kilograms, Appendix 2 Table 26). Wheat
availability averaged 37 kilograms per capita.
Concessicinal supply on the other hand
averageq 17.6 kilograms for foodgrains and
10.5 kilograms for wheat (Appendix 2, Tables
26 and 27). Thus the public distribution
system has provided about 11 percent of
total grain consumption and 29 percent of
wheat consumption per capita at subsidized
prices.

The issue price at which the government
purchase agencies supply grain to licensed
fair price shop retailers (who are allowed a
fixed markup) has been essentially deter-
mined by conflicting pressures—the pres-
sures of the financial authorities to cut
losses by raising the price and urban political
pressure resisting any increase in it. The
outcome is reflected in the ratio of the issue
price to the procurement price (PI/PP) and
the ratio of the issue price to the import
price (PI/PM) for wheat (Appendix 2, Table
28). The loss incurred by the government
would, of course, vary inversely with these
ratios. The accounts for the 1970s of the
Food Corporation of India (FCI), which
handles all gruin nperations for the central
governmeit, ind. ate that the issue price
would have to be at least 30 percent greater
than the procurement price and the import
price(or PI/PP and PI/PM above 1.30) for the

'S Arvind Gupta. Public Distnbution of Foodgrains 1n india (Ahmedabad. Indian Institute of Management, 1977).
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r,orporation to break even.!” But as Appen-
dix 2, Table 28 shows, during 1961-67, when
imports dominated issues, the PI/PM ratio
declined steadily from 1.11 to 0.78 (except
in 1965 and 1966) and the PY/PP ratio feil
from 1.11 t0 0.64. In the later years when
proct.rement dominated issues, PI/PP re-
covered slowly to 1.05 by 1973 and 1.19 by
1676 but declined again to 1 11 by 1979.
Thus the ratios have fluctuated but always
remained much below the minimum no- loss
ratio (1.30). Meanwhile, both farmer and
consumer pressures have increased and the
FCI has mushroomed into a vast and wasteful
bureaucracy, so that the budgetary burden
of the grain operation has risen to a staggering
Rs 7 billion a year.

Import Policy

Grain imporis iiave been a government
monopoly in ".\dia through most of the post-
wa: period, and the allocation of foreign
oxchange received by the country has been
tignitly regulated. It will be shown below that
the imports of wheat have been influenced
mainly by the availability of foreign aid and
by the expected domestic grain supply deficit.
But it is interesting that the shift of the
public distribution system from total de-
pendence orn imports to reliance on domestic
supplies has been associated with a complete
reversal of the relationship between impert
prices and domestic prices. In the years
1964-71, imported wheat war 14-34 percent
cheaper than domestic whea. and the ratio
between the import price (PM) and the
domestic wholesale price (PW) generally
declined. But since 1972 imported wheat
has beer 8-52 percent more expensive than
domestic wheat; and the ratio PM/PW has
been rising {Appendix 2, Table 29"

Stock Policy

One of the constant preoccupations of
Nnumerous government committees reporting

" Many open and hidden subsidies are neglected.
8 Chopra Evalution of Food Policy pp 232235

on food policy has been to recor .end
targets for the public sector grain swcks.
Recommended targets have risen from 1
million tons {in the repor: of the Foodgrains
Policy Committee of 1948) through 2, 4, 5,
and 7 million tons (in various reports) to 12
million tons (in the report of the technical
group of the Department of Food, 1975-
76.18), They have been usually inoperative
as ex ante goals, for the actual amounts
stocked have bee: residuals passively de-
termined by imporis— constrained by foreign
exchange availability and other things—
and domestic procurenient and issues gov-
erned by the domestic supply and prices.!9
Sometimes the committees simply ratiornal-
ized actual stocks as cesirable. For example,
when the actual amcunt stocked reached 5-
7 million tons in the early 1970s, that was
made a norm; and when the invertory rose
above 17 million tons during 1976-7 5, the
12 million ton recommendatior could safely
be made. The capacity of the governrnent to
achieve any ex ante target higher than the
actual has always been limited; and its
capacity to deal rationally with excessive
inventory has been no less limite 1 in recent
years.

Zoning

A peculiar feature of Indian policy up to
1977 was the freq.ient er faycement of restric-
tions on the muvement of grain by private
traders between states. The degree of restric-
tion again varied from period to period.
Sometimes movement outside a state re-
quired a license; this was the “single-state
zone" system. Someiimes movement between
groups of contiguuus states was restricted
and movement within each group was free;
this wwas the "“large-zone” system. The ra-
tionale for these restrictions was that they
enabled the government to pick up grain in
the surplus states at a price lower than the
price that would prevail if traders were free
to transfer the grain. The subject has aroused

% For the same reasons the technical distinction hetween “operational stock™ and "huffer stock” some committee
reports make 1s meaningless The separation of stocks and the.~ use according to different rules has never been
permitted by the exigencies of the supply situation. Even in recent years, when the stock rose to record amounts far
in excess of operational needs, no differences in the treatment of stocks for various purposes emerged. In most
discussions the word "huffer” has simply been a nice but empty prefix for the word “stock.”
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much theoretical controversy.20 But a recent
analysis has demonstrated empirically that
interstate price dispersion increased system-
atically with the intensity of movement
restrictions. For whzat, the large-zone system
prevaiied duriig 1951/52-1954/55 and in
1967/68, and the single-state zone systemin
1957/58-1960/61, 1964/65-1966/67, 1968/69-
1969/70, and 1972/73-1974/75. In 7 years
(1955/56-1956/57, 1961/62-1963/64, and
1970/71-1971/72), there were no zonal restric-
tions. The coefficient of variation of state
prices averaged 11.7 percent in the 7 years
of unrestricted movement, 14.93 percent in
the 5 large-zone years, and 19.42 percent in
the 12 single-state zone years {Appendix 2,
Tabie 30). This relationship is faithfully
captured by an estimated equation in which
the coefficient of variation of state prices is
a function of total availability, a production
concentration index, and a zone-system
dummy.2i

The equation provides strong support
for the view that with movement resirictions
surplus producers earn less and deficit- area
consumers pay more than they would other-
wise, and that both lose more in bad crop
years than in normal years. This proposition
would hold even if it were true that the
government can procure more grain with
zoning; for price dispersion clearly increases
in spite of the transfer of this "extra” grain

from surplus to deficit areas. The transfer
must be less than it would be without zoning,
otherwise dispersion could not increase,
Whatever the motive for zoning might have
been, it did not increase producer and
consumer v.lfare,

In 1977 an increase in supplies and the
accumulation of an unprecedented inventory
by the government finally persuaded it to
remove all movement restrictions,

Other Controls

Much need not be said about other
attempts to contro! traders’ market opera-
tions, such as fixing wholesale and retail
price ceilings, raids on traders’ establish-
ments to confiscate “hoarded” grain, and
the operation of rationing in big cities. Most
of these controls only generated black-
marketing and corruption on a large scale,
and impaired the flow of supplies to con-
sumers. Only the public distribution system—
direct marketing by the government— gave
the government real leverage to lower prices
for at least a section of consumers; and
rationing nartially succeeded in a few large
cities and in Kerala in maintaining minimum
supplies to low-income consumers in times
of scarcity.

 See Raj Krishna, “Rice Zone Policy: A Minute of Dissent.” in India. Agricultural Prices Commission, Report on the
Price Policy for Khanf Cereals for 1965-66 Season (Delhi: Manager of Publications, 1965); and Jagdish N. Bhagwati and
S. Chakravarty. Indian Economic Analysis— A Survey (Bombay: Lalvani Fublishing House, 1971).

3 Krishna and Raychaudhuri, "Some Aspects of Wheat Price Policy.”
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THE WHEAT MODEL AND RESULTS

The model developed in this report
contains six relations, including five equa-
tions and an identity. The equations determine
output (Q), total absorption {demand, D),
concessional sales (issues, IS), government
purchases (procurement, PR), and total im-
ports (IM). (All symbols are defined in
Appendix 3.)

The identity for the government's wheat
operations equates the sum of the opening
stock (SO), procurement, and imports with
the sum of issues and the closing stock(SC):

SO + PR+ IM= IS + SC. (1)

This identity is used to determine the closing
stock.

Output

The gross output {supply) function is

Q= f, (PW2l, PBG21, RAW, IRW, Ql), (2)

where,

PW21 = the wholesale price of wheat de-
flated by the general wholesale
price index, lagged one year;

PBG21 = the price index of major produc-
tion substitutes of wheat, barley,
and gram, deflated by the general
wholesale price index, lagged one
year;

RAW = the wheat-specific rainfail index
{with wheat- share weights for rain-
fall in different rainfall regions);

IRW = the ratio of gross irrigateu area in
wheat to gross total wheat area; and

Ql = lagged wheat output.

These variables are designed to capture
the relative- price effect. the weather effect,
the technology effect, and the adiustment
lag. 1deally, the price indexes for wheat and
the major production substitutes for wheat
should be deflated by input price indexes,
but since these are not available, the general
price index is used as a proxy deflator. The
irrigation ratio has been found in many
studies to be the dominant determinant of,
and hence the best proxy for, technical
changes such as the increasing use of hybrid
sceds, fertilizer, and equipment.2?

The OLS coefficients of the output equa-
tion are given in Table 1, equation (2). All
the coefficients have the expected signs, all
except PBG21 aresignificant at the 1 percent
level, and they explain 99 percent of the
variance of output. The estimate of the one-
period elasticity of supply (0.58) is compa-
rable with an earlier estimate (0.59) made b
Krishna and Raychaudhuri for the 1960s.2
The supporting equations {in Table 2) imply
one-period elasticities of 0.19 for area and
0.12 for yield. These two estimates are
comparable to earlier estimates (0.22 and
0.34) made by Krishna and Raychaudhuri.

The supporting area and yield equations
(Table 2, equatirns|1] and [2]) were estimated

2 pred H. Sar.derson and Shyamal Roy, Food Trends and Prospects in India (Washington, D.C.: Brookings Institution,
1979); and Dayanatha Jha. “Fertiliser Use and Its Determinants: A Review with Special Reference to Semi- Arid
Tropical India.” International Crops Research Institute for the Semi- Arid Tropics. Patancheru, June 1980. (Mimeo-

graphed.}

B krishna and Raychaudhur, Some Aspects of Wheat and Rice Policy. p. 41. Comparisons of elasticities estimated in
this paper and in earli.r studies are not based on statistical tests hecause the specifications of equations differ. They
are made only to see whether the new estimates are similar to the earlier ones. References to comparisons of elastici-
ties estimated in this paper are. however, based on statistical tests where applicable.
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Table 1 —Wheat model equations, ordinary least squares, 1961-78

Depen-
Equa- dent
tion Vari- _
Number able Constant Independent Variable/Estimated Coefficient R? DW.
PW21 PBG21 RAW IRW Ql
2 Q -26.020.50* 5.704.08° -2,619.61°¢ 1114 29.42° 0.62* 099
(8.18) (4.48) {-1.96) (5.48) (3.99) (5.54)
[0.58! [-0.14) (0.56} [0.75)
WAP PCS X
3 D -10,887.70° -11,112.70° 3.857.72° 1.12¢ .. . 0.96 701
(-3.17) (-2.64) (2.47) {19.97)
[-0.46] {0.45) [1.55]
PILL2 PW2 X
4 IS 220.74 -13,305.50* 4,796.98° 0.20* .. A 084 225
(0.18) (-5.26) {5.49) {5.12)
[-1.57) [1.64}) [0.96}
Q PP2 PW2
5 PR -4,384.71° 0.31*  4,680.40° -995.80 .. N 094 198
{3.00) {16.32) (1.82) (0.88)
[2.22] [1.19] [-0.74]
DEFM PMM ADU
6 M 3.206.41 013 -2,68521 4.54¢ A ces 0.92 2,16
{1.90) 6.19) {-3.25) {5.04)
{0.06} {-0.89} |1.14}

Notes: The figures in parentheses are t-values. Those in brackets are the elasticities of the variables at their means,
The D.W. statistics show no serial correlation.

Q is gross output: D is total demand (absorpcion). IS stands for government issues (concessional sales)
and PR, fc. procurement. IM is total imports.

ADU is total foreign aid utilized. DEFM is the foodgrain deficit for imports. IRW is the ratio of irrigated
wheat area to total wheat area. PBG21 is the ratio of the price index of the major substitutes for wheat in
production to the wholesale price index. lagged one year, and PCS is the ratio of the price index of the major
substitutes for wheat in consumptior. to the wholesale price index. PILL2 is the deflated price of issues;
PMM is the deflated price of impo-ts. PP2 is the ratio of the procurement price to the wholesale price index
for all commodities, and "\W2 i- the ratio of the open market wholesale price to the wholesale price index for
all commodities. PW21 is P\ 2 lagged one year. Q1 is Qlagged one year. RAW is the rainfall index for wheat.
WAP is the weighted average of the market wholesale and concessional issue prices of wheat. X is aggregate
real consumption expenditures.

* This coefficient is significant at the | percent level.
® This coefficient is significant at the 5 percent level.
¢ This coefficient is significant at the 10 percent level.

with the seme explanatory variables as the €ypp (0.31) is less than the estimated eq;(0.58).

output equation, but only the output equation
was used to estimate the reduced form and
projections.

Theoretically, the elasticity of output
{eqp) with respect to the deflated price of
wheat should be equal to the sum of the
elasticities of area and yield with respect tc
the same price (e,, and ey,,). (Since output
Q= AC[area] » YD|yield]., eqp = €4cp + €ypp.)
The sum of estimated one-period e,., and

20

The sum of long-run e,.p and e, (0.71) is
also less than the long-run €.p (0.92). But
the differences are not statistically signifi-
cant. Responses of area and yield to irri-
gation are, however, significantly different,
and so are their adjustment 13gs.
Numerous other estimates of the one-
period elasticity of wheat area in different
regions of India are also available. Eleven of
them lie between 0.02 and 0.11, and five
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Table 2— Supplementary wheat model equations, ordinary least squares, 1961-78

Depen-
Equa- dent
tion Vari- _
Number able Constant Independent Variable/Estimated Coeflicient R? DW.
PW2l PBG2! RAW IRW ACl
1 AC -3.89° 1.64° -1.88° 0.00034* 001°  0.68* 097
(-2.76) (3.48) (-2.61) (3.96) {3.01) {3.71)
[0.19} [-0.12] {0.20] [0.30}
PW21 FBG21 RAW IRW YD1
2 YD -436.11° 70.91 -64.04 0.04* 1.614 0.28 0.91
{-2.41) (1.02) (€.57) {3.32) (3.46) (1.34)
[0.12] [-0.u6] [0.35] [0.71]
WAP PCS XPC
3 DPC -69.94* -29.35° 0.85° VARL ce ... 095 2.00
{6.98) {-3.53) 13.22) (12.15)
[-0.66] (0.61) [2.95)
Wap PCS YC
4 D ~11.038.80"  -5,656.40 4.014.2¢° 0.79* Lo ca 0.93 1.56
{2.28) (-0.98) (1.82) (13.99)
[-0.23) [0.47) {1.32}
WAP PCS YPC
5 DeC -39 85° -7.76 7.96° 1.05* - ... 068 1.45
{2.46) {-0.61) (1.57) {5.76)
[-0.17) (0.51) [1.75]
PILL2 PW2 XPC
6 ISPC 0.11 -27.07° 9.58* 0.20 Lo ces 0.77 2.09
{0.01) {-4.46) {5.09) (1.25)
{-1.702] (1.75) (0.93}
PILL2 URXR PW2 X
7 IS 7.163.97 -12,144.70° -5948.69° 4.212.54* 0.16* N 0.85 213
{1.31) (-4.31) {-1.37) {4.44) (3.62)
[-143) (-1.04] [1.44) [0.77]
PILL2 PW2 DEF
8 Is 4,257.64° -1.469.10 549.36 0.16* L ... 052 1.51
(1.57) {-0.48) (0.48) (4.11)
[-0.17] [0.18] (0.27)
Q PP2. PW2
9 PR -6,194.11* 03¢ 8.985.13¢ L e 0.93 1.87
{-3.14) (15.16) {1.65)
[2.19) (1.16)
DEFM PMM FE
10 1M 9.580 217 0.095® -3.51651® -53.78 0.52 1.74
447) {2.13) {-2.46) (- 0.50)
{0.04) [1.17] [ 0.26]

Notes The D W statistics have no serial correlation. The figures in parentheses are t-values; the figures in brackets
are the elasticities of the variables at their means

AC stands for the area sown with wheat; YD for the yield. D is total demand (absorption), while DPC is
total demand (absorption) per capita 1S stands for government issues (concessional sales) and 15PC,
government 1ssues per capita. PR is procurement; [M is total impe.ts.

ACI 15 AC lagged one year DEF is the toodgram deficit for issues, and DEFM is the foodgrain deficit for
imports. FE is foreign exchange available, deflated by the index of the unit value of imports. IRW is the ratio
of irrigated wheat area to total wheat area. PBG21 15 the ratio of the price index of the major substitutes for
wheat 1n production to the wholesale price index. lagged one year, and PCS is the ratio of the price index of
the major substitutes for wheat in consumption to the wholesale price index. PILL2 is the deflated price nf
155ues; PMM is the deflated price of imports. PP2 is the ratio of the proc .rement price to the wholesale price

{continued)
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Table 2— Continued

index for all commodities, and Pw2 is the ratio of the open market wholesale price to the wholesale price
index for all commodities. PW21 is PW2 lagged one year. Q is gross output. RAW is the rainfall index for
wheat. URXR is the ratio of urban consumption expenditures per capita to rural consumption expenditures
per capita. WAP is the weighted average of the market wholesale and concessional issue pricesof wheat, X is
aggregate real consumption expenditures, and XPC is X per capita. YC is national income. YDI is YD lagged

one year. Finally, YPC i. YP per capita.

* This coefficient is significant at the 1 percent level.
® This coefficient is significant at the 5 percent level.

¢ This cocificient is significant at the 10 percent level.

between 0.16 and 0.24.24 Estirates for Pak-
istan lie between 0.07 and 0.20.25 The new
estimate (0.2) is thus close to the higher of
the earlier figures.

Absorption
The absorption function is:
D = f,(WAP, PCS, X), (3)
where
D =total absorption, defined as the sum

of net output, net imports, and gov-
ernment inventory depletion;26

WAP = the weighted average of the market
wholesale price of wheat, weighted
by the jroportion of commercial
absorption in total absorption, and
the concessional price of wheat,
weighted by the proportion of con-
cessional ahsorption in total absorp-
tion; the average is deflated by the
general wholesale price index;

PCS = the price index of the consumption
substitutes for wheat—that is, ce-
reals other than wheat—deflated by
the general wholesale price index;
and

X = aggregate real consumption expen-
diture.

The specification includes the usual
variables of a demand function, namely,
own price (deflated), substitute prices (de-
flated), and total expenditure. But an adjust-
ment has i;een made: as there are two
related markets (the commercial market and
the concessional market), the own priceisa
weighted sum of prices in both,

Aggregate expenditure, not income, is
used as the scale variable, because its per-
formance is better, so it can generate better
simulations. An equation with income in
place of expenditure is, however, given in
Table 2, equation (4).

Convenience of simulation also explains
why aggregate rather than per capita absorp-
tion and consumption expenditure is in-
cluded in the demand function. Again,
equations with per capita expenditure and
per capita income variables are given for
comparison (Table 2, equations [3] and [5]).

The estimated absorption equation,
Table I, equation (3), reveals a high aggre-
gate expenditure elasticity of demand for
wheat (1.55). The t-value of the expenditure
coefficient exceeds 19. The price elasticity
of aggregate absorption is —0.46.

The comwesponding equation with per
capita absorption and consumption expen-
diture(Table 2, equation[3]) turns up different
expenditure and price elasticities (2.95 and
-0.66).

Different elasticity estimates are also
derived from equations in which income

 Krishna and Raychaudhuri, Some Aspects of Wheat and Rice Policy. p. 35.
¥ Seandizzo and Bruce, Methodologies for Measuring Price Effects

¥ Private stock figures are niot available. Private stock aceetion is included in total absorption. Net output is gross
output minus a 12.1 percent allowance for seed, feed, and wastage. It is denoted by SP - 0.879Q.
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replaces expenditure. If aggregate income is
used, the income elasticity is 1.32 and the
own-price elasticity is - 0.23 (Table 2, equa-
tion {4]). If per capita income is used, the
income elasticity is 1.75 and the own-price
elasticity is ~0.17 (Table 2, equaticn (5]}
these are comparable to estimates from
another study (1.06 and -0.22).27

The estimated expenditure and income
elasticities of wheat absorption (2.95 and
1.75) appear to be high indeed; they are in
fact close to the elasticities for manufactured
luxury goods. But independent evidence is
consistent with high estimates.

First, during 1960/61-1977/78 income
per capita grew only 1.45 percent a year and
expenditure per capita 0.90 percent a year
but wheat absorption per capita increased
2.69 percent a year.?8 Thus wheat consump-
tion growth was 2.99 tir.es expenditure
growth and }.86 times in"..ome growth {Ap-
pendix 2, Table 31). These ratios are com-
parable to the elasticities noted above (2.95
and 1.75).

Second, *Jational Sample Survey data
indicate a clear shift of cereal consumption
from other cereals (including rice) to wheat
in the early 1960s and early 1970s. Between
1961/62 and 1973/74, monthly per capita
consumption of nonwheat cereals decreased
22 percent in rural and 4 percent in urban
areas, hut the consumption of wheat increased
33 percent in rural and 5 percent in urban
areas. So rhe share of wheat in per capita
cereal consumption increased from 15 t0 23
percent in rural and 33 to 38 percent in
urban areas.2?

Thus wheat has clearly been a highly
preferred superior good whose consumption
per capita has grown much faster than the
growth of total income or expenditure ner
capita, while the per capita consumpti. .1 of
other cereals has declired. Millet is the sole
cereal, other than wheat, whose consumption
grew in the period 1861-74, but only inrural
areas,

Concessional Szles

The concessional sales (issues) function

is

IS = f, (PW2, PILL2, X), 4)
where
IS = concessional sales (issues),30

PW2 = the wholesale price of wheat deflated
by the general wholesale price in-
dex, and

PILL2 = the issue price deflated by the gen-
eral wholesale price index.

The specification inciudes the real open-
market price as well as the real concessional
price, because the substitution that detex-
mines the concessional offtake is the switc.h-
ing of convumers between the two markets,
depending on differences in price and quality,
and the length o1 uie yueues at the conces-
sional (fair price) shops. The scale variable
in the equation, as in the tota! absorption
equation, is total real consumprion expen-
diture.

The estimated equation (4) implies sig-
nificant and high own- and cross- (inter-
market) price elasticities (1.6 and-1.6), with
the signs as expected (Table 1}. The expendi-
ture elasticity is not significantly diffevent
from unity. The elasticities ¢f concessional
sales estimated with the per capita variables
(Table 2, equation [6]) are 0.93 with respect
to expenditure and —1.7 with respect to the
real issue price.

The inclusion of a distributional variable
in the concessional offtake equation is
obviously necessary. But as noted earlier, in
Chapter 3, basic data on the distribution of
sales or even ration cards between rural and
urban consumers, and between poor and
nonpoor consumers, are not available. The
distribution of shops between rural and
urban areas is known, but most of the issues

T p K Pradey.” The Analysis of Demand for Feodgrains,” Indian Journal of Agricultural Economics 28 (No. 2. 1973): 49-55.

B Calculated from data in India. Ministry of Agriculture. Directorate of Economics and Statistics, Bulletin on Food
Statisties vanious 1ssues {New Delhi Controller of Publications, varicus years); and India, Central Statistical Or-
ganisation. National Acrounts Stauistics various 1ssues (New Delhi: Controller of Publications, various years).

M | 5 Sarma. Shvamal Roy. and P S. Genrge, Two Analyses of Indian Foodgrain Production and Consumption Data. Research
Report 12 (Washington. D €. International Fond Policy Research Institute, 1979).

W The ~sales” here are not acruai retail sales, but “1ssues™ to registered concessional retailers (“fair price shops™)
from the government agency. the Food Corporation of India.
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flow through the urban shops to middle-
income as well as low-income households.
Therefore the distribution of shops would
be a poor proxy for the distribution of sales
between rural and urban consumers or be-
tween poor an<. noONpoor COnsumers,

However, a distributional variable, the
ratio of urban consumption exp. nditure per
capita torura! consumption expenditure per
capita (URXR). was tried as an additional
vanable. The coefficient of this variable is
not significant and its inclusion significantly
alters neither the price and expenditure
elasticities of conce sional sales nor the
variance explained (Table 1, equation [4]
and Table 2, equation [7]).

More data are clearly required te permit
measurement of the segment of consumption
expenditure relevant to concessional offtake.

Equation (4) has the form cf 1 standard
demand function. But it can be argued that
the actual concessional sales of wheat do
not depend solely on the usual demand
function variables. The overall defic:t in the
supply of all grains—the differer.ce hetween
“desired” consumption and actual avail-
ability—could be an important determinant
of the concessional offtake of wheat. There-
fore, the grain supply deficit (DEF) wa.
included as an alternative scale variable in
an experimental issue equation, in addition
to the two relative price variables, PW2 and
PILL2. The deficit (DEF) is defined as target
consumption (the average per capita con-
sumption during 1961-78 multiplied by the
populat.on of each year, DFG") minus net
output (SP) plus procurement (PR). In the
equation with DEF (Table 2, equation (8]},
only the coefficient of DEF is significant;
the coefficients of the price variables PW2
and PILL2 have low t-values. Moreover,
this equation explains much less of the
variance of concessjonal sales (52 percent)
than the corresponding standard demand
function specification with expenditure (84
percent, Table 1. equation [4] and 85 per-
cent, Table 2, equation [7]).

Procurement

In the government procurement func-
tion,

PR= £ (Q PP2, PW2), (5)

where
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PP2 = the official procurerment price deflated
by the general wholesale price index.

It was noted earlier that procurement
policy has changed over time and differs
among states. But to explain changes in
procurement in the country as a whole only
two important variables are needed: output
and the ratio of the procurement price to the
open-market wholesale price. This price
ratio reflects the choice the farmer has of
selling his produce to the procuring agency
or to the private trader. If nothing else
changes, a higher ratio would increase the
profitability of selling grain to the govern-
ment’s procuring agency.

Variations in output obviously affect
procurement directly: the larger the output,
the larger is the marketed surplus and the
quantity the government can procure, But
output also influences procurement in-
directly, via the open-market price. In a bad
crop year the market price tends to rise and
it would be more profitable for the producer
to sell grain to the private trader. In a good
crop year the market price is likely to fall (or
rise less) and an improved ratio of procure-
ment prices to market prices would induce
higher sales to the government.

For the multi-equation system, it was
found convenient to specify the (deflated)
procurement price and the (deflated) open-
market wholesale price as separate explana-
tory variables (Table I, equation[5]) instead
of the ratio of the two prices as a single
variable. {The equation with the ratio is in
Table 2, equation [9].} The elasticity of pro-
curement with respect to output is found
to be high (2.2) with a t-value exceeding 16
(Table 1, equation [5]). And the elasticity of
procurement with respect to the procure-
ment price is also high (1.19), though the
t-value of the procurement price, 1.82, is low.

The coefficient of the open- market whole-
sale price is, however, not significant (even
at the 15 percent level), though it has the
expected negative sign. This outcome seems
to be due to multicollinearity between output
and the open-market price.

Imports
The wheat import equation is

IM = f. (PMM, DEFM, ADU), (6)



where

PMM = the impont price of wheat, deflated
by UVIM, the unit value index of all
Indian imports; and

ADU =total foreign aid utilized during the
year.

The supply gap. DEFM, shows the amount
the government would like to import to meet
its total grain sale commitments. Itisdefined
as the "issue-deficit” (DEF) defined earlier
minus the sum of the opening stock (SOFG)
and procurement{PRFG) of all foodgrains.
Thus DEFM = DEF - SOFG - PRFG. The pro-
portion of the deficit that the government
actually covers with imports depends on
foreign aid availability and the import price
of wheat, relative to the weighted average
price of all imports. The OLS equation esti-
r ated on the basis of this reasoning (equa-
tion{6]) accounts for a significant proportion
of the variance of wheat imports (Table 1,
equation (6]}. The supply gap and the price
variables have significant coefficients with
the right signs. The gap elasticity turns out
to be 0.06, and the price elasticity, -0.89.
The elasticity with respect to aid is positive
and not significantly different from unity.

Aid utilized turns out to be the most
appropriate variable to represent foreign
exchange availability in the wheat import
cauation for India. In other recent studies,
broader definitions of exchange availability,
including exchange reserves, export earn-
ings, or hoth, have been used.3! Given Indian
trade and exchange policy, however, none
of the more inclusive representations of
exchange supply (opening reserves plus aid
or opening reserves plus aid plus export
earnings) proved to be significant.

One of the experimental equations with
the latter, the most inclusive definition of
exchange supply (FE) is reported as equation
{10) in Table 2. A comparison of this with
equation (6) in Table | reveals that while the
coefficient of aid alone in equation (6) is
highly significant, the coefficient of FE in
Table 2, equation {10) is not. And the latter
equation explains much less {52 percent) of
the variance of imports than the former (92
percent).

The explanation for this seems to be that
the average ratio of the value of wheat
imports to aid utilized varied between7 and
37 percent except during the four years
1273-76, when it was high (66 percent; see
Appendix 2, Table 32). Therefore in most
years the government could finance wheat
imports mainly with aid. The allocation of
available foreign exchange among import
commodity groups has always been directly
controlled by the government so that non-
wheat imports could be squeezed when
wheat imports required a high proportion of
aid, other foreign exchange, or both.

The high price elasticity of wheat imports
(-0.89) can also be explained. When heavy
concessional imports were necessary (inthe
late 1950s and early 1960s), the relative
price of imported wheat (PM/UVIM) was
low. Since concessional imports were stopped,
government imports became sensitive to
prices, except in 1973 and 1974 when heavy
commercial imports had to be bought at a
high price to make up the shortage created
by two successive droughts (Appendix 2,
Tables 29 and 33). The respansiveness of
imports to prices could be high in recent
years because reliance on imports to meet
concessional sale requirements was reduced
by the growth of wheat output.

Simultaneity

The five interrelated equations relating
to output, total absorption, and the govern-
ment’s purchases, imports, and concessional
sales have been estimated by the 3SLS
procedure in order to correct the coefficients
for simultaneity biases (Table 3).

Three-stage least square coefficients are
used to compute the reduced form and pro-
jections,

The Sensitivity of the System

All the estimated 3SLS elasticities in
Table4 show that the Indian wheat system is
highly sensitiv® to prices. The one-period
price elasticity of supply (0.66) is in the

3 scohie and Valdées. “Food Imports, Government Policy.” Hall, “Evaluating the Effects of Imports.”
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Table 3—Wheat model equatiors, three-stage least squares, 1961-78

Equation  Dependent
Number Variable Constant Independent Variable/Estimated Coefficient
PW21 PBG21 RAW IRW Q1
2 Q -25,555.8* 6,339.48* -2,491.18 0.9977¢ 26.0802* 0.6764*
(6.68) (3.91) (-1.73) (6.01) (3.39) {5.71)
[0.64] [-0.14] [0.51] [0.66}
WAP PCS X
3 D -9,708.24* -10,434 .84 3.444.18¢ 1.0904*
(~2.79) (-2.75) (2.69) (19.88)
| 042] [0.40) [1.50]
PILL2 PW2 X
4 IS 1.139.32 9.958.78* 3.576.81° 0.1586
(0.29) { 3.07) (2.68) (2.45)
| 1.14) [1.20) {0.75}
Q Pp2 PW2
5 PR 3,868.01b 0.3159* 6.390.06° -1,928.56°
(2.2:4) {15.08) {2.51) (-1.57)
[2.22] [1.54] {-1.37]
DEFM PMM ADU
6 1M 3,589.57° 0.1668* 393328 1.2845°
(2.30) (3.16) {3.67) (2.39)
[0.07] [-1.30] [0.82]

Notes: The figures in parentheses are t-values. Those in brackets are the elasticities of the variables at their means.
Q15 gross output D 1s total demand (absorption). IS stands for government issues {concessional sales)

and PR. for procurement. 1M is total imponts.

ADU s total foreagn aid utilized. DEFM is the foodgrain deficit for imports. IRW is the ratio of irrigated
wheat area 1o total wheat area PBG21 is the ratio of the price index of the major substitutes for wheat in
production to the wholesale price index, lagged one year. and PCS is the ratio of the price index of the major
subsntitutes for wheat in consumption to the wholesale price index. PILL2 is the deflated price of issues;
PAMAM s the deflated price of imports PP21s the ratio of the procurement price to the wholesale price index
fur all commodities. and PW 2 1s the ratio of the open market wholesale price to the wholesale price index for
all commodities P21 s PW2 lagged one vear Q115 Q lagged one year RAW is the rainfall index for w heat.
WAP 1s the weighted average of the market wholesale and concessional issue prices of wheat. X is aggregate

real consumption expenditures

* This coefficient 1s significant 4t the | percent level
® This coefficient 1s significant at the 5 percent level
 This coefficient 1s significant at the 10 percent leyel

range of elasticities found for commercial
crops rather than subsistence crops in de-
veloping countries.3? The price elasticity of
demand for wheat (- 0.4) is also higher than
for subsistence crops. The price elasticity of
government purchases is ahout 1.5. And the
price elasticities of imports and concessinnal
sales are not significantly different from
unity.

The system is alco found to be sensitive to
scale variables. The high expenditure elasticity
of wheat consumption (1.5) was discussed
earlier, but the elasticity of concessional
sales with respect to consumption expen-
ditures (0.75) is also high, considering that
wheat is a staple food. Finally, government
procurement is sensitive to output with an
elasticity of about 2.2.

3% scandizzo and Bruce, Methodologies for Measunng Pnice Effects
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Table 4— Wheat medel: elasticities estimated with ordinary least squares and three-
stage least squares coefficients, 1961-78

Ordinary Three-Stage

Elasticity of With Respect to Least Squares Least Squares
Q TW21 0.58* 0.66%
PBG2I -0.14¢ -0.14¢
RAW 0.56° 0.50°
IRW 0.75* 0.66*
D WAP -0.46° -0.42°
PCS 0.45° 0.40°
X 1.55° 1.50°
1s PILL2 -1.57° -1.14*
PW2 1.64* 1.20°
X 0.96* 0.75°
PR Q 2.22° 222}
PP2 1.19° 1.54°
PW2 -0.74¢ 1.374
M DEFM 0.06* 0.07*
PMM -0.89* -1.30°
ADU 114 0.82b

Notes: (3 15 gross output; D 1s 1vral demand \absorption). IS stands for government issues (concessional sales) and
PR. for procurement. I+ is total imports.

ADU is total foreign aid utilized. DEFM is the foodgrdin deficit for imports. IRW is the ratio of irrigated
wheat area to total wheat area. PBG21 is the ratio of the price index of the major substitutes for wheat in
production to the whelesale price index. lagged one year, and PCS is the ratio of the price index of the major
substitutes for wheat in concumption to the wholesale price index. PILL2 is the deflated price of issues;
PMM s the deflated price of impons. PP2 is the ratio of the pracurement price to the wholesale price index
ior all commodities. and PW 2 1s the ratio of the open market wholesale price to the wholesale price index for
all commodities PW21 1s PW2 lagged one year. RAW is the rainfall index for wheat. WAP is the weighted
average of the market wholesale and concessional issue prices of wheat. X is aggregate real consumption
expenditures

¢ This coefficient 1s significant at the 1 percent level.

b This coefficient 1s significant at the 5 percent level

° This coefficient 1s stgnificant at the {0 percent level.

1 this coefficient 15 not significant at the 10 percent level.
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5

THE REDUCED FORM OF THE MODEL

Writing the five estimated 3SLS equa-
tions for Q, D, IS, PR, and IM, and the stock
identity (equation [1}) in matrix form,

AE = BG, {7)

where E is the column vector of endogenous
variables ((), PW2,33 IS, PR, IM, and SC); G
is the column vector of predetermined vari-
ables (Ql, IRW, RAW, PBG21, PW21, PP2,

PILL2, X, PMM, DEFM, ADU, PCS, and SO);
and A (6 x 6) and B (6 x 13) are coefficient
matrices, the reduced form of the system is

E= RG (8)

where R=A"'B. The reduced form matrix
shown in Table 5 sheds some light on the
causal links between variables. Some are
noteworthy.

Table 5— Wheat model: reduced form of the three- stage least squares system, 1961-

78
Deflated
Procure- Wholesale Closing
Predetermined Output ment Issues Imports Price Stock
Variable Q) (PR} {1S) (1) {(PW2) (SC)
Constant -2,555.8 -11.875.3 1.017.3 11.006.2 -0.0341 -1.886.3
Lagged gross output (Q1) 0.6764 0.2908 -0.1430 -0.0987 -0.00004 0.3351
Wheat imigation ratio
(IRW) 26.0802 11.2117 -5.5137 -3.8064 -0.0015 12.9190
Rainfail index for wheat
{RAW) 09977 0.4289 -0.2109 -0.1456 -0.00006 0.4942
Deflated. lagged whole-
sale price (PW21) 6.339.48 272529  -1,340.26 -925.25 -0.37 3.140.30
Price index of production
substitutes (PBG21) 2,.491.18 -1,070.94 526.67 363.59 0.15 -1,234.02
Deflated precurement
price (PP2) 0.00 5.096 .48 2,399.14 0.00 0.67 2,697.35
Deflated issue price
(PILL2) 000 -1.699.16  -6.807.43 0.00 0.88 5.108.27
Aggregate consumption
expenditure (X} 0.00 -0 1886 0784 0.00 0.000098 -0.6971
Grain deficit for imports
IDEFM) 0.00 0.00 0.00 0.1668 0.00 0.1668
Deflated import price
(PMM) 000 0.00 0.00 -3,933.28 0.00 -3,933.28
Aid utilized (ADU) 0.00 0.00 0.00 3.2845 0.0 3.2845
Deflated price index of con-
sumption substitutes
{PCS) 100 -697.23 1,.293.11 0.00 0.3615 -1,990.34
Opening stock (SO) 0.00 000 0.00 -0.1668 0.00 0.8332

¥ fhe equation for D is actually used to determine prices.
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First, all the predetermined variables
that determine output (rainfall, the irrigation
ratio, lagged relative price indexes, and
lagged output) also influence procurement
and closing stocks with the same signs as in
the output equation. They also affect issues,
imports, and {(deflated) wholesale prices
with signs opposite to their own in the output
equation. This accords with expectations:
procurement and closing stocks should vary
with output, and concessional sales, imports,
and the mark~t price should decrease as
output increases.>

Second, the three predetermired vari-
ables in the import equation (aid *"..ueflated
impert price, and the foodgrain deficit) do
not affect any other quantity except the
ciosing stock. For these variables, and im-
poris determined by them, do not enter any
rlation other than the stock identity.

Third, though the deflated procurement
price directly enters only the procurement
equation, it has an indirect, positive relation

with issues, market price, and closing stocks.
A higher procurement price makes larger
procurement and, hence, larger concessional
sales and closing stocks possible. It also
raises the market price by causing a larger
withdrawal from the open market.

Similarly, a higher deflated issue price
directly reduces concessional sales but,
indirectly, it reduces procurement as well by
raising the market price relative to the
procurement price.

Feurth, increases in aggregate con-
sumption expenditures raise absorption and
through it the market price. But this depresses
procurement and, hence, the closing stock.

And, finally, the price index of con-
sumption substitutes (PCS) and the price of
wheat (PW2) move in the same direction, as
expected. A rise in the PCS also decreases
procurement and increases issues by in-
ducing an increase in the real market price
of wheat.

W (5 this chapter. partial causal relations reflected in impact multipliers are discussed assuming that the variables
indicated change and other predetermined variables remain the same.
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6

CONSISTENT PROJECTIONS

The reduced form of the model was used
to make projections of the five endogenous
variables for 14 years (1979-92) beyond the
estimation period (1961-78).35 The projections
are “consistent” in two ways. First, they are
consistent with the estimated simultaneous-
equation (three-stage least squares) coef-
ficients that reflect the interaction of the
market and the government during the esti-
mation periocd. And, second, they are not
optimal, just consistent; no objective func-
tion is maximized or minimized.36

The projected values of the endogenous
variables are shown in Table6. The assump-
tions used to project exogenous variables,
and projections hased on these assumptions,
are given in Appendix 2, Table 34. Apant
from the statistical significance of the es-
timated coefficients, the validity of en-
dogenous projections depends on the realism
of the assumptions wi. -1 which exogenous
quantities are projectea. It is, therefore,
necessary to review briefly the grounds for
the main assumptions made. {For intercept
adjustments see Appendix 4.)

Assumptions for
Exogenous Projections

Three scenarios are simulated: " the basic
scenario,” in which rainfall is normal every
year; “the drought scenario,” in which rain-
fall is below normal by 10-20 percent in 6 of
the 14 years (1980. 1981 1984, 1985, 1988,
and 1989):37 and “the drought and a shortage
of foreign exchange scenario,” in which in

addition to monsoon shortfalls, 10 percent
less aid is available than in the basic scenario
in the drought years.38 The two latter sce-
narios are designed to study the effects of
the two major external shocks that the
Indian grain economy is vulnerable to.
During the 18-year period, 1961-78, nominal
aid decreased in seven years. The decreases,
ranging between 7 and 26 percent, averaged
17 percent. In the simulated exchange short-
age cases, aid is kept 10 percent below the
1978 level (Rs 11 billion) in every year 1979
to 1992. In the present aid milieu there
seems to be little prospect of an increase in
aid, even in nominal terms.

Accepting the imrigation ratio for 1990
projected by Sanderson and Roy, the ratio
for each projection year has been interpolated
linearly.3 It increases 0.8-0.9 of a percentage
point annually, from 67 percent in 1979 to
79 percent in 1992. This rate of increase is
less than half the average increase in the
estimation period {an inzrement of 2 per-
centage points a year) because the rate of
increase is expected to decelerate.

The basic assumption about domestic
and import prices is that both rise by 10
percent a year. After four years of an un-
usually low rate of inflation (1.6 percent a
year) the Indian economy experienced
double-digit inflation of about 15 percent a
year for two fiscal years ending in April
1981, and 10 percent in 1981/82. It is not
likely to average less than 10 percent in the
coming years. The average rate of inflation
in the European countries and the United
States, where most Indian imports come
from, ranged between 5 and 16 percent a

¥ Though projections for the later years of a long period are likely to lose realism, they were nevertheless computed
to simulate the smaller size at which the inventory, which was abnormally large in 1979, stabilizes in the long run.

¥ The quantities for each year also satisfy the hasic stock-flow identity: the closing stock equals the opening stock
plus procurement and imports minus sales.

" Between 1961 and 1978 there were five major dips in rainfall. below normal, of 34 percent in 1966, 18 percent in
1967. 15 percentn 1969, 22 percent in 1973, ar< 2% percent in 1975. Except ir 1966 when the dip was abnormally
steep. 34 percent below normal, the other declines averaged 19.5 percent.

“ In the rest of the paper. “aid” means aid utilized.
3 sanderson and Roy. Food Trends and Prospects
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7able 6—Wheat model: consistent projections, 1979-92

Index of
the Deflated  Present
Procure- Closing Opening Market Price  Value of
Scenario/ Output ment Issues Imports  Stock Stock  (1960/61-~100) Cost
Year Q) (PR) {1S) {IM) {SC) {SO) (PW2) (PVC)
{1,000 metric tons) (Rs billion)

Basic 104.90

1979 32,986 7.415 7.095 -670 10,138 10,488 88.7

1980 33,063 7.285 7.517 -720 9,186 10,138 87.0

1981 33,856 7.463 7.788 -360 8,501 9,18% 92.4

1982 34.865 7.734 8,014 466 8,687 8,50 94.7

1983 35.839 8.033 8,225 741 9,237 8,687 95.8

1984 37.033 8.341 8.433 673 9,818 9,237 96.6

1985 38.159 8.662 8.634 713 10,559 9818 97.4

1986 39,268 8,976 8,838 825 11,523 10,559 98.2

1987 40,399 9,299 9,037 935 12,720 11,523 99.0

1988 41.510 9.614 9,241 1,042 14,135 12,720 99.9

1989 42,641 9,938 9,441 1,145 15,777 14,135 99.1

1990 43.778 10.264 9,639 1,246 17.647 15,777 100.7

199} 44916 10.590 9,837 1.351 19,751 17.647 101.3

1992 46,058 10918 10,035 1.663 22,296 19,751 103.3

Average 38.891 8,895 8.698 646 12,855 12,012 96.7
Drought 95.74

1979 32.986 7.415 7.095 -670 10,138 10,488 88.7

1980* 31.068 6.533 7.653 308 9,326 10,138 94.7

1981¢ 31,908 6.679 8,057 124 8,071 9,326 97.4

1982 34,103 7.407 8,175 466 7,769 8,071 96.6

1983 35.709 7.935 8,274 741 B.171 7.769 96.2

19844 34,968 7.559 8.584 1,786 8,933 8.171 99.9

1985* 36,190 7.869 8,907 1,257 9,152 8,933 100.7

1986 38,500 8.646 9.000 825 9423 9,152 99.5

1987 40,167 9,200 9,086 935 10,671 9,623 98.9

1988* 39,444 8.832 9,392 2,293 12,405 10.671 103.3

1989* 40,671 9,144 9,714 1,760 13,595 12,405 105.5

1990 43,009 9,933 9,802 1.246 14,972 13.595 103.8

1991 44,685 10.491 9.886 1,351 16,927 16,927 103.3

1992 45,986 10.887 10,050 1.€63 19.428 19,428 103.8

Average 37.814 8.466 8.834 1,006 11,370 10,732 99.5
Drought and

exchange

shortage 75.25

1979 32.986 7.415 7.095 -1,031 9,777 10,488 88.7

1980° 31,068 6,533 7.653 -54 8.602 9.777 94.7

19814 31,908 6,679 8,057 -238 6,985 8.602 97.4

1982 34.103 7.407 8,175 104 6,322 6,985 96.6

1983 35.709 7.935 8.274 379 6,362 6,322 96.2

1984* 34,968 7.559 8,584 1,424 6,761 6,362 99.9

19854 36,190 7.869 8,907 896 6,618 6,761 100.7

1986 38,500 8.646 9,000 464 6,728 6.618 99.5

1987 40,167 9,200 9,086 573 7.414 6,728 98.9

19484 39.444 8.832 9.392 1,932 8,786 7.414 103.3

19894 40.671 9,144 9.714 1,398 9,614 8.786 105.5

1990 43.009 9,933 9,802 884 10,629 9,614 103.8

1991 44,685 10.491 9,886 989 12,223 10,629 103.3

1992 45,986 10.887 10,050 1.301 14,631 12.223 103.8

Average 37.814 8,466 8.834 644 8,656 8,379 99.5

* It is assumed that a drought occurs in this year.
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year during 1970-79. Therefore it seems
reasonable to assume that inflation in India’s
import prices will cuntinue, at a rate of
about 10 percent a year40

The two administered prices in the wheat
system are the procurement price and the
issue price. It is assumed that they remain
constant in real terms. In the past the pro-
curement price has consistently lagged be-
hind the market wholesale price4! But in
recent years the government has been under
intense and growing pressure from farmers
toraise procurement prices to the full extent
of, and even in excess of, increases in the
full average cost of production. Therefore it
is a plausible assumption that the procure-
ment price will rise at least as much as the
wholesale price index.

With persistent inflation, the govern-
ment is also under growing pressure from
consumers not to raise the real issue price
for concessional sales of wheat, even though
the government’'s losses from the wheat
operation have increased. Therefore it can
be expected that the real issue price of
wheat will not change s‘gnificantly. The
government will not be able to raise it and
cannot afford to lower it.

The import price of wheat used for pro-
jections is derived from the recent projec-
tions of the world price of wheat made by
the World Bank.42

Endogenous Projections

The projections of Table 6, computed
with exogenous quantities based on the
above assumptions, and the reduced form
of the model, 1eveal some interesting features
of the existing wheat system. in the basic
scenario, as output rises steadily year after
year, concessional sales increase. Precure-

ment increases too, except in 1980. But the
behavior of imports and stocks is more
complex. In the first three years imports are
negative: a little more than half a million
tons are “exportable” on the average43
After 1981 imports rise every year {(except in
1984), apparently because the world wheat
price declines relative to the price of all
imports (Appendix 2, Table29}.4* The model
also reduces the large initial inventory (10.5
million tons in 1979) in the first four years
and then adds to it each year until it reaches
a high of 22.3 million tons by 1992,

Two features of these results should be
noticed. First, given steady output growth,
the system does ensure that concessional
sales are adequate. In the basic scenario,
issues per capita increase each year up to
1988 (from 10.84 to 11.53 kilograms) and
then they decline to 11.44 kilograms (see
Table 7). The projected average for 1979-92
(11.42 kilograms} is much higher than the
actual average for 1961-78(10.78 kilcgrams).
In fact even the minimum of the projection
period for the basic scenario (10.84 kilo-
grams) is higher than the average in the past.

Total absorption per capita in the basic
scenario also rises every year {except for
minor dips in 1980 and 1992) to a high of
45.14 kilograms. Its minimum for the pro-
jection period (43.75 kilograms) too is much
higher than the average for the estimation
period (36,7 kilograms).

The second significant outcome is that
even without optimization, the system under
the basic scenario is sensitive to the import
price of wheat. However, without any pres-
sure to cut losses, it carries large inventories.

The projections for the drought scenario
and the drought and exchange shortage
scenario show how the system responds to
shocks (Table 6). If a drought occurs, con-
cessional sales are higher in the drought

“ world Bank. World Development Report 1981 (Washington. D C.: International Bank for Reconstruction and De-

velopment, 1981}

I Knishna and Ravchaudhun. “Some Aspects of Wheat Price Policy.”
2 world Bank. “Biennial Review of Commadity Price Forecasts.” Washington, D.C.. May 1982. (Mimeographed.)

1 1t1s not proposed 1n this report that "exportable” surpluses that show up in some of the projections should actually
be exported. All that is implied 1s that these quantities are not needed to maintain adequate concessional sales of
wheat. Preferable alternative uses are mentioned in the concluding chapter.

~* Earlier Werld Bank projections had world wheat prices rising slightly. Impoil price series hased on these pro-
jections were also tried in the main programming run of the next chapter({exports allowed. minimum opening stocks
25 percent of issues). The series showed that losses were lower because earnings from “exponts™ were higher. But
none of the other endogenous quannties changed significantly. These results are not reported here; they are available

from the authnors

32


http:1961-78(10.78
http:average.43

Table 7— Wheat model: projections of total annual absorption and concessional

issues per capita, 1979-92

Absorption issues
Consistent Programming Consistent Programming
Drought and Drought and Drought and Drought and
Drought and Drought and Drought and Drought and

Exchange Exchange Exchange Exchange

Basic Shortage Basic Shortage Basic Shortage Basic Shoitage

Year Scenario  Scenarios Scenario  Scenarios Scenario  Scenarios Scenario Scenarios

(kilograms)

1979 43.81 43.81 44.12 4412 10.84 10.84 11.17 11.17
1980 43.75 42.46 43.14 4277 11.23 11.43 10.62 11.71
1981 4393 4297 43.81 43.28 11.37 11.77 11.27 12.03
1982 3415 48.90 44.44 4421 11.44 11.67 11.75 11.96
1883 3437 44.29 44.65 44.59 11.48 11.55 11.18 11.85
1984 44.55 4335 43.99 43.66 11.51 11.72 11.66 11.98
1985 44.72 4383 44.62 4413 11.52 11.89 12.08 12.13
1986 44.85 44.61 4514 44.87 11.53 11.74 12.05 11.96
1987 4496 44.89 45.23 45.18 11.53 11.59 11.78 11.83
1988 45.04 43.94 44.53 44.22 11.53 11.71 10.97 11.92
1989 43.10 44.29 4501 44.56 11.51 11.85 11.37 12.03
1990 4513 4491 45.39 45.20 11.49 11.69 11.71 11.90
1991 45.14 45.08 45.38 45.33 11.47 11.52 11.64 11.72
1992 43.13 3511 45.39 45.35 11.43 11.45 11.62 11.6}
Average 62 44.10 4463 44.39 11.42 11.60 11.49 11.84

Notes: Ahsorption and issues remain the same in all programming runs whether exports are permitted or prohibited,
and whether the minimum opening stock is 25 or 50 percent of issues. But they differ between the basic and

the other two scenarios.

years than in the basic scenario, as additional
ronsumers switch from the open market to
fair price shops. The system meets this extra
demand by raising annual average imports
and keeping the 2verage closing stock lower
than in the basic scenario. Since average
output is lower pecause of the drought,
average procurement is also lower than
when rainfall is normal. Thus the system
changes the proporticns in which it draws
upon the three sources of supply to meet the
increased demand for concessional sales
that follow a drought. In the basic scenario,
procurement provides 102.3 percent and
imports 7.4 percent of issues; the inventory
increases by 9.7 percent of issues (see Table
8). Rut in the drought scenario, procurement
contributes less (95.8 percent) and imports
more (11.4 percent) to issues. Inventories
also accumulate less, about 7.2 percent of
issues.

As one would expect, the average real
price of wheat is higher in the drought
scenario than in the basic, particularly in
the drought years {Table 6).

In the drought and exchange shortage
scenario, output, procurement, and issues
are the same as in the drought scenario. But
the system draws more on stocks: the average
closing stock is 76 percent of what itis in the
drought scenario. And to meet the shortage
of foreign exchange, the system also keeps
imports, on the average, at about two thirds
of what they are in the drought scenario. An
exportable surplus shows up in the first
three years as in the basic scenario (see
Table 6). But imports provide a smaller
proportion (7.3 percent) of issues when a
foreign-exchange shortage is added to drought
than the proportion (11.4 percent) when
drought occurs alone, And the increase of
inventories is less than in the basic and
drought scenarios {Table 8).

These projections reveal the Indian wheat
system to be largely self-reliant: a 10 percent
reduction in annual foreign exchange avail-
ability over 14 years affects neither output
nor the real domestic price of wheat; the
series for the drought and drought and
exchange shortage scenarios remain the
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Table 8—Wheat model: sources of projected issues, 1979-92

Procurement Imports Stock Issues
Projection/Scenario {PR) (IM) Reduction® {IS)
(percent)
Consistent projections
Basic 102,3 7.4 -9.7 100
Drought 95.8 1.4 -7.2 100
Droughr and exchange shortage 95.8 7.3 -3.1 100
Programming piojections
Expornts allowed, opening stock
one fourth of IS
Basic 102.1 -8.6 6.5 100
Drought 93.9 -0.2 6.3 100
Drought and exchange shonage 93.9 -0.2 6.3 100
No exports, opening stock
one fourth of IS
Basic 102.1 3.0 ~2.1 100
Drought 93.9 0.6 5.5 100
Drought and exchange shortage 93.9 0.6 5.5 100

* This is the opening stock minus the closing stock.

same (see Table 6).

The projections also show that under
the existing system, government decision
variables adjust rationally and flexibly in
response to environmental shocks.

Nevertheless, the system provides con-
cessional supplies at a high financial cost to

the exchequer. The present value of the
system cost over 14 years ranges between
Rs 75 and 105 billion (Table 6), with the cost
concept and assumptions of the following
chapter. Ways to reduce this cost need to he
explored. A set of programming simulations
is developed below for this purpose,
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PROGRAMMING SIMULATIONS

It was noted in Chapter 2 that it was
estimated that the Government of India
would lose Rs 7 billion on its operations in
foodgrains in the fiscal year 1981/82. An
estimate of the loss from wheat operations
alone is not available in official data. But if
the cost per metric ton of issues is the same
for all grains, the loss from wheat operations
should be 58 percent of the aggregate loss,
or about Rs 4 billion.

For this study. a different cost (loss)
concept is used. It is the sum of three basic
costs and three marketiny; costs; the revenue
from issues is deducted. The three basic
costs are the value of purchases (the pro-
curement price [PP’] x procurement [PR]),
the value of imports (the price of imports
[PM] x imports [IM]), and the cost of storage
(the average carrying cost [ST']} x (the open-
ing stock [SO| + the closing stock [SC] x
0.5). The three marketing costs are the cost
of procurement (15 percent of the procure-
ment price), the cost of distribution of
domestic and imported grain (15.6 percent
of the procurement price), and the port
clearance cost for imports (7.8 percent of
the procurement price). These marleting
cost percentages are computed from datain
Garg and from the FCI (see Appendix 5).45
The net cost is the sum of basic and market-
ing costs minus the sale revenue (the issue
price [PI'}] x [15]).46 Thus

C=(PP'» PR) ~ (PM« IM)
+[ST’ » (S0+SC) » 0.5] « (0.15)(PP')(PR)
+(0.156)(PP')(IS) + (0.078)(PP’}(IM)
- (PI)(IS) = {1.15 PP')(PR)
+(PM -~ 0.078 PP')(IM)
+(0.5)(ST*}{SO ~ SC)
- (PI’ - 0.156 PP’)(15).%7 {9)

4SGiarg, State 1n Foodgran Trade

The present value of this annual cost
over the projection period (PVC) is minimized
in the programming simulations. Thus

PVC = EC/(L+8)"°  (10)

where § is the discount rate (assumed to be
10 percent) and t runs from 1979 to 1992,

The specification of the constraints is
designed to reflect the concerns of the
policymaker. If the interaction of the en-
vironment, the government, the producers,
and the consumers, as captured in the struc-
tural equations, continues, only consistent
projections of government-decision variables
can be produced for the three scenarios, and
the cost, defined in equation (9), associated
with these quantities can be computed. But
the cost cannot be substantially reduced. Its
present value over the 14-year period is
Rs 105, 96, and 75 billion under the three
scenarios {Table 6). !f this cost is to be re-
duced, the values of the government's deci-
sion variables must be allowed to vary.
Since an increase in issues reduces the net
cost by increasing sale revenue, issues must
be allowed to be greater than or equal to
what they are in the consistent projections.
In consequence it becomes; necessary to
allow procurement to increase above con-
sistent levels to support the increase in
issues. However, the government would
prefer not to let imports be larger than they
are in the consistent projections because
foreign exchange is limited.

Besides constraining imports, a decision
has to be made about whether to permit
exports or not. If exports are not permitted,
imports have to be constrained, like other
quantities, to being positive or zero. If ex-
ports are permitted, imports can be negative.

% pp’ ST*, and PI' are prices per ton, whereas PP, ST, and Pl are prices per quintal.

47 The annual cost computed with this expression would be higher than the cost shown as food subsidy and its
wheat component in the budget of the central government. As Garg showed in detail, the budget underestimates the
loss on the grain operations by about 20 percent {Garg, State in Foodgrain Trade).
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Both alternatives are specified in different
runs. The size of the stock would of course
be determined by the stock-flow identity,
given the solution values of purchases,
imports, and issues. If no lower limit is set
for the inventory, the model would reduce it
to zero to minimize the storage cost com-
ponent of C. Therefore the minimum per-
missible opening stock in any year has to be
made a proportion of the solution value of
issues. Twe proportions are chosen for al-
ternative programming runs, 25 and 50
percent. In the five years of shortage in the
1960s and three years in the 1970s, the
actual ratio of the opening stock to issues
averaged only 19 percent. In normal years it
averaged 48 percent, and in the three surplus
years, 1976-78, it exceeded 100 percent
(Appendix 2, Table 35). Thus 25 percent is a
reasonabie lower {imit of the opening stock/
issue ratio even for bad years.48 Butin order
to compute the cost of a greater measure of
safety, simulations with a minimum 50
pcreent opening stock/issue ratio have also
been made.

Thus the programming specification is
to minimize PVC subject to

PR* = PR, (1
Is* =S, (12)
IM'= M, (12)
SC* = SO" + PR* + IM" - IS*,  (14)
SO* = 0.25 {or 0.50) IS*, (15)
IM"Z0 (or IM* 2 0), (16)
and
PR*, IS", SC*, SO" = 0, (17)

where quantities with a (7) are obtained
from the consistent projections and quanti-
ties with a(*) are given by the programming
projections.

The two equalities for output {Q) and the
real market price (PW2) are also included in
the constraint structure, with solution values

of other endogencus variables entering them,
along with piedetermined variables. But
since thesc endogenous solution values are
different in the consistent and programming
simulations, the projected Q and PW2 series
also differ.

The procedure here is similar to that of
macroplanning exercises in which an open
Leontief system is used to generate the con-
sistent output vector; then the planners’
objective function is maximized, subject to
the input-output balance equations, upper
and lower bounds on primary resources,
and inequalities representing objectives
other than those included in the objective
function 49

However, the difference between the
present model and macroplanning practice
is that here the solution values of some
decision variables (procurement, issues, and
imports) given by the consistent equation
system are turned into lower or upper bounds
for these quantities in the programming
model. The possibility of reducing costs
cannot even be explored without this pro-
cedure. Moreover, the use of values from
the consistent projections as upper or lower
bounds in the programming model ensures
that the feasibility zone is defined objec-
tively and realistically.

The results of the main programming
simulation, given in Table 9, vindicate the
procedure. This is the simvlation in which
the lower limit for the opening stock is 25
percent of issues and exports are permitted,
The programming-solution values turn out
to be strikingly different from the consistency
results in mauny respects (compare Tables 6
and 9).

The averages of output, procurement,
issues, and real market price are almost
equal in the programming and consistent
simulations of the basic scenario. But the
average carryover stock is cut down severely
from 12.8 to 2.4 million tons (in the basic
scenario). And exports are generated in 9 of
the 14 years, instead of only the 3 initial
years in the consistency run.

** [t should be noted that the ratios of stocks to issues are for the beginning of every calendar year. it is assumed

that the stock will vary normally from month to month. Data s

how that variation in the monthly stock is small,ranging

from the low of 7 2 percent of the annual offtake in April and 9.6 percent in September. The January stock (8.4 percent)
is normally close to the monthly mean (8.33 percent). Sce Chopra, Evolution of Food Policy, p. 300.

** See Lance Taylor, " Theoretical Foundations and Technical Imilications” and Daniel Loucks, " Planning for Multiple
Goals.” in Charles R. Blitzer, Peter B. Clark, and Lance Taylor, eds., Economy-Wide Models and Development Planning

{London: Oxford University Press. 1975).
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Table 9— Wheat model: programming projections with exports allc'ved and min-
imum opening stocks one fourth of issues, 1979-92

Index of
the Deflated  Present
Procure- Closing Opening  Market Price  Value of
Scenario/ Output ment Issues  Imports  Stock Stoc! {1960/61-=100) Cost
Year Q {PR) {1S) (IM) {SC) (SO) (PW2) (PVC)
{1,000 metric tons) (Rs billion)

Basic 29.23

1979 32,986 7.423 7.309 -6,491 4,111 10,488 85.9

1980 33,048 7.278 7.110 -2,058 2,221 4,111 90.4

1981 33,848 7.468 7.720 88 2,057 2,221 92.4

1982 34,825 7.713 8,230 566 2,107 2,057 92.9

1983 35.920 8.016 8,428 307 2,001 2,107 94.8

1984 37,030 8.323 8,006 -176 2,142 2,001 95.9

1985 38.178 8,663 8.542 0 2,264 2,142 96.8

1986 39,259 8,961 9,054 138 2,308 2,264 97.8

1987 40,385 9,274 9,234 -145 2,200 2,308 98.8

1988 41,517 9,588 8,799 -657 2,332 2,200 99.8

1989 42,680 9,933 9,327 -483 2,455 2,332 100.7

1990 43,797 10,243 9819 -382 2,496 2,455 101.6

1991 44,949 1,563 9,985 -524 2,550 2,496 102.5

1992 46,124 10,912 10,200 -712 2,550 2,550 103.3

Average 38.896 8.883 8,697 -752 2414 2,381 96.7
Drought 3271

1979 32,986 7.423 7,509 ~-4,511 6,051 10,488 85.9

1980* 31,108 6,546 7.837 -991 3.768 6,051 93.5

t9g8]* 31,951 6.687 8,238 36 2,253 3,768 96.9

1982 34,123 7.410 8,380 839 2,122 2,253 95.4

1983 35,704 7.927 8.488 1,166 2,727 2,122 95.6

19844 35.009 7.565 8,779 980 2,494 2,727 99.3

1985* 36.226 7.865 9,092 1,024 2,291 2,494 101.5

1986 38,519 8,627 9,165 565 2,318 2.291 100.2

1987 40,210 9.198 9,272 145 2,389 2,318 99.2

1988° 36,523 8,839 9,557 795 2,467 2,389 103.2

1989* 40.746 9,141 9,867 755 2,496 2,467 105.4

1990 43,070 9,932 1,984 69 2,514 2,49 104.0

1991 44716 10,470 10,055 -381 2,548 2,514 103.2

1992 46.031 10,862 10.191 -671 2,548 2,548 103.6

Average 37.852 8.464 9.015 -13 2,785 3.352 99.1
Drought and

exchar.ge

shiortage 35.25

1979 32,986 7.423 7.309 -2,154 8,448 10,488 85.9

1980° 31.108 6.546 7,837 -1,227 5.929 8,448 93.5

19814 31,951 6.687 8238  -1.119 3.259 5.929 96.9

1982 34,123 7.410 8380 629 2918 3.259 95.4

1983 35,704 7.927 f.,488 958 3,315 2,918 95.6

1984* 35.009 7.565 8,779 707 2,808 3,315 99.3

1985* 36.226 7.865 9,092 709 2,291 2,808 101.5

1986 38.519 8,627 9.165 565 2,318 2,291 100.2

1987 40.210 9.198 9,272 145 2,389 2,318 99.5

1684 39,523 8.839 9,557 795 2,467 2,389 103.2

1944* 40,746 9,141 9.867 755 2,496 2,467 105.4

1990 43,070 9.932 9,984 69 2514 2,496 104.0

1991 44,716 10.470 10,055 -381 2,548 2,514 103.2

1992 46,031 10.862 10.191 -671 2,548 2,548 103.6

Average 37.852 8.464 9.015 -15 3,303 3.871 99.1

* It is assumed that a drought occurs in this year.
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Thus programming cuts costs mainly by
increasing exports and by decreasing the
inventory to about a quarter of its initial
size.

These drastic changes in inventory and
exports, produced by optimization, reduce
the PVC from Rs 105 billion in the consistency
run to only Rs 29 billion in the basic pro-
gramming simulation in Table 9.

Inthe drought and drought and exchange
shortage scenarios, issues are larger than in
the basic scenario (Table 9). Output and
procurement remain lower, but the carryover
is higher. And in 1988 and 1989, wheat is
imported. The overall loss (PVC) is higher
too, Rs 33 and 35 bhillion.

The outcomes vary as the minimum in-
ventory specification is changed and ex-
ports are perniitted or prohibited. Choosing
two alternative inventory specifications and
two export specifications, 12 different pro-
gramming simulations are generated (Tables 9,
10, 11, and 12). These sensitivity runs
indicate the trade-offs between the four
concerns of policymakers: cost reduction,
adequate concessional consumption, a stock
large enough to be “safe,” and self-reliance
{(reduced dependence on imports, economy
in the use of foreign exchange, or both).

The average annual solution values of
the simulations are summarized in Table 13
and Figure 1. The table confirms and quan-
tifies the following relationships.

The basic PVC falls as the minimum in-
ventory/issue ratio {SO/IS} is lowered to 50
and then to 25 percent; that is from about
Rs 105 hillion in the consistent projections
to Rs 83 billion when exports are not allowed.
But it falls to Rs 43 or 29 billion (with 50 or
25 percent inventory requirements) when
exports are allowed. This means that the
wheat operation cannot be profitable with
the assumed constraints. But the loss (PVC)
can be reduced by programming to about
one fourth (27 percent) of the loss in the
basic, consistent scenario if exports are
allowed and the minimum stock requirement
is only 25 percent of issues.

In all programming simulations, average
concessional consumption per capita in the
basic scenario, 11.5 kilograms per vyear,
exceeds the average of the past 18 years (10.8
kilograms) as it does in the consistent
simulations. In drought and drought and
exchange shortage simulations it is even
higher, 11.8 kilograms. Different inventory
and export policy stipulations do not affect
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concessional consumption adversely (Table
7 and Appendix 2, Table 27). (For simulations
with concessional sales linked to the over-
all grain deficit, see Appendix 6.)

The results for aggregate (concessional
plus open- market) absorption per capita are
similar. Inthe basic scenarios, its average, at
44.6 kilograms, is 21 percent greater than
the average of the past (36.7 kilograms). In
the other two scenarios, too, it is .nore than
44 kilograms (Table 7 and Appen:lix 2, Table
27).

There are two evident causes of con-
sumption growth. Output growth increases
availability, and income growth stimulates
aggregate wheat consumption to grow at an
even higher 1ate because the income elasticity
of demand for wheat exceeds unity. Hence
all simulations increase total absorption,
though a tendency for basic absorption per
capita to flatten out in the last four or five
yrars of the projection period can be observed
in Table 7.

Besides costs and total consumption,
imports and inventories also change sub-
stantially with different specifications. But
output, procurement, and issues do not
change in the four sets of simulations,
because of the constraints reflecting multiple
objectives. The model can achieve econ-
omies mainly by adjusting imports and in-
ventories (Table 13).

In the main programming runs, as in the
consistent projections, the proportions in
which issues are derived from procurement,
imports, and inventories are rationally ad-
justed to different situations. In the drought
scenarios, procurement is reduced, and
exports are lower or imports higher than in
the basic scenarios, And the programming
models use inventory reduction more than
the consistency model to meet issue 1 equire-
ments. But in all simulations, 90 to more
than 100 percent of issues come from
domestic procurement (Table 8).

The deflated market price is of course
higher in the drought and drought and
exchange shortage scenarios than in the
basic. But it is insensitive to variations in
the export and inventory specifications. The
shocks are absorbed more by adjustments in
imports and stocks than by price changes
(Table 13).

The upshot of the various simulated
scenarios is that the government can ensure
that total and concessional consumption
increase in normal years and in years of



Table 10— Wheat model: programming projection with exports allowed and min-
imun: opening stocks half of issues, 1:379-92

Index of
the Deflated Present
Procure- Closing Opening  Market Price  Value of
Scenario/ Output ment Issues Imports  Stock Stock  (1960/61=10G) Cost
Year Q) {PR) (15} {IM) (SC) (S0) {PW2) {PVC}
(1,000 metric tons) (Rs billion}

Basic 42.92

1979 32,986 7423 7.309  -6,491 4,111 10,488 85.9

1980 33.048 7.278 7.110 =271 4,008 411t 90.4

1981 33,848 7.468 7.720 358 4,115 4,008 924

1982 34,825 7713 8,230 616 4,214 4,115 929

1983 35.920 8,016 8,428 201 4,003 4,214 94.8

1984 37.030 8,323 8,006 0 4,320 4003 95.9

1985 38,178 8,663 8,542 85 4,527 4,320 96.8

1986 39.259 8,961 9,054 183 4617 4,527 97.8

1987 40,385 9,274 9234 -258 4,400 4,617 98.8

1988 41,517 9,588 8,799 -525 4,664 4,400 99.8

1989 42,680 9,933 9,327 -360 4910 4,664 100.7

1990 43,797 10.243 9,819 -340 4,993 4,910 101.6

1991 44,949 10,563 9,985 -471 5.100 4,993 102.5

1992 46,124 10,912 10,200 =712 5.100 5,100 103.3

Average 38.896 8.883 8,667 -570 4,506 4,891 96.7
Drought 46.69

1979 32,986 7.423 7.309 -3.859 6,743 10,488 85.9

1980* 31,108 6,546 7.837 0 5,451 6,743 93.5

19814 31,951 6,687 8.238 290 4,190 5,451 96.9

1982 34,123 7.410 8,380 1,024 4,244 4,190 95.4

1983 35.704 7.927 8.488 827 4,510 4,244 95.6

1984* 35,009 7.565 8,779 1,249 4,546 4,510 99.3

1485* 36,226 7.865 9,092 1,263 4,582 4,546 101.5

1986 38,519 8,627 9,165 591 4,636 4,582 100.2

1987 40,210 9,198 9,272 216 4,779 4,636 99.5

1988* 39,523 8.839 9,557 873 4,933 4,779 1052

1989* 40,746 9,141 9,867 784 4,992 4,933 105.4

1990 43,070 9,932 9.984 87 5.028 4,992 104.0

1991 44,716 10,470 10,055 -347 5.095 5.028 103.2

1992 46,031 10.862 10,191 -671 5,095 5,095 103.6

Average 37.852 8.464 9,015 166 4916 5.301 99,1
Drought and

exchange

shortage 47.80

1979 32.986 7.423 7309 -2,154 8448 10,488 85.9

1980° 31,108 6.546 7.837 -1,065 6,091 8,448 93.5

1981 31,951 6,687 8,238 24 4,565 6,091 96.9

1982 34,123 7410 8.380 826 4,421 4,565 954

1983 35.704 7.927 8.488 1,185 5,045 4,421 95.6

1984* 35.009 7.565 8.779 968 4,799 5,045 99.3

19854 36,226 7.865 9,092 1,010 4,582 4,799 101.5

1986 38,519 8,627 9,165 591 4,636 4,582 100.2

1987 40,210 9,198 9,272 216 4,779 4,636 99.5

1988* 39,523 8.839 9,557 873 4,933 4,779 103.2

1989* 40,746 9.141 9,867 784 4,992 4,933 105.4

1990 43,070 9,932 9,984 87 5.028 4,992 104.0

1991 44,716 10,470 10,055 -347 5.095 5,028 103.2

1992 46,031 10.862 10.191 -671 5.095 5,095 103.6

Average 37.852 8.464 9,015 166 5179 5.564 99.1

¢ It is assumed that a drought occurs in this year.
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Table 11—Wheat model: programming projections with no exports and minimum
opening stocks one fourth of issues, 1979-92

Index of
the Deflated Present
Procure- Closing Opening  Market Price  Value of
Scenario/ Output ment Issues  Imports  Stock Stock {1960/61=100) Cost
Year Q (PR) (1S} (IM) {sC} (S0} (PW2) {PVC)
(1.000 metric tons) (Rs bhillion)

Basic 83.22

1979 32,986 7.423 7.309 0 10,602 10.488 85.9

1980 33.048 7.278 7.110 0 10,770 10,602 90.4

1981 33.848 7.468 7.720 0 10,518 10,770 92.4

1982 34.825 7.713 8.230 0 10,002 10,518 929

1983 35.920 8.016 8.428 0 9,589 10,002 94.8

1984 37,030 8,323 2.006 0 9,907 9,589 95.9

19R5 38.178 8.663 8.542 0 10,028 9,907 96.8

1986 39.259 8.951 9,054 0 9,935 10.028 97.8

1987 40.385 9,274 9,234 0 9.976 9.935 98.8

19688 41,517 9.588 8.799 0 10,765 9.976 99.8

1989 42,680 9.933 9.327 0 11,371 10.765 100.7

1990 43,797 10,233 9819 0 11,794 11,371 101.6

1991 44,949 10.563 9,985 0 12,372 11,794 102.5

1992 46.124 10,912 10.200 0 13.084 12,372 103.3

Average 38.896 3.883 8.697 0 10,765 10,580 96.7
Drought 44.46

1979 32,986 7.423 7.309 0 10,602 10,488 85.9

19804 31.108 6.546 7.837 0 9,310 10,602 93.5

19814 31.951 6.687 B.238 0 7.760 9,310 96.9

1982 34,123 7,410 8,380 0 6,790 7.760 95.4

1983 33.704 7.927 8.488 0 6,229 6.790 95.6

1984 35.009 7.563 8.779 0 S,01% 6,229 99.3

1985 36,226 7.865 9.092 0 3.789 5.015 101.5

1986 38,519 8.627 9,165 0 3.251 3.789 100.2

1987 40.210 9.198 9,272 0 3.177 3,251 99.5

1988* 39.523 8.839 9,557 7 2,467 3.177 103.2

1989 40,746 9.141 9,867 735 2,496 2,467 105.4

1690 43.070 9,932 9,984 69 2,514 2.4v6 104.0

1991 44,716 10,470 10,055 0 2,928 2,514 103.2

1992 46,031 10.862 10.191 0 3,600 2,928 103.6

Average 37.852 8.164 9.015 59 4,945 5.487 99.1
Drought and

exchange

shortage 44.46

1979 32.986 7.423 7.309 0 10,402 10.488 85.9

1980* 31.108 6.546 7.837 0 9,310 10,602 93.5

19314 31.951 6.6R7 8,238 0 7.760 9.310 96.9

1982 34,123 7.410 8.380 0 6,790 7.760 954

1983 35.704 7.927 8.488 0 6.229 6.790 95.6

1934 33.009 7.363 8.779 0 5.015 6,229 99.3

1985 36226 7.865 9,092 0 3.789 5.015 101.5

1986 38519 8.627 9.165 G 3.251 3.789 100.2

1987 40.210 9.198 2.272 4} 3.177 3.251 99.5

19884 39.523 A.839 9.557 7 2.467 3,177 103.2

1989* 40.746 95141 9.867 755 2.496 2,467 105.4

1690 43.070 9.932 9.984 69 2514 2,496 104.0

1991 1716 10,470 10.055 0 2,928 2514 103.2

1992 46.031 10.862 10,191 0 3.600 2928 103.6

Average 37.852 8.464 9,013 59 4,238 4,730 99.1

* [t 15 assumed that a drought occurs 1n this vear.



Table 12— Wheat model: programming projections with no exports and minimuni

opening stocks half of issues, 1979-92

Index of
the Deflated  Present
Procure- Closing Opening Market Price  Value of
Scenario/ Output ment Issues Imports  Stock Stock  {1960/61=100} Cost
Year Q (om) {15) {IM) (SC) (S0) (PW2) {PVC)
{1,000 metric tons) {Rs billion)

Basic 83.22
1979 32.986 7.423 7.309 0 10,602 10.488 85.9

1980 33.048 7.278 7.110 0 10.770 10,602 90.4

1981 33.848 7.468 7,720 0 10,518 10,770 924

1982 34,825 7.713 8.230 0 10,002 10,518 929

1983 35,920 8.016 8,428 0 9,509 10,002 94.8

1984 37,030 8.323 8.006 0 9,907 9,589 95.9

1985 38,178 8.663 8.542 0 10,028 9,907 96.8

1686 39.239 8961 9,054 0 9,935 10.028 97.8

1987 40.385 9,274 9,234 0 9.976 9,935 98.8

1988 41,517 9.588 8.799 0 10,765 9,976 99.8

1989 12,680 9,933 9,327 0 11,371 10,765 100.7

1990 43.797 10.243 9.819 0 11,794 11.371 101.6

1991 44949 10,563 9.985 0 12.372 11,794 102.5

1992 36,124 10912 10.200 0 13.084 12,372 103.3

Average 38.896 8.883 8.697 0 10.765 10,580 96.7
Drought 53.59

1979 32.986 7.423 7,309 0 10,602 10.488 859

1980* 11 10R 6.346 7.837 0 9.310 10.602 93.5

1981°* 31.951 6.687 8.238 0 7.7¢0 9310 96.9

1982 34,123 7.410 8.380 0 6,790 7.760 95.4

1983 35.704 7.927 8,488 0 6.229 6,790 95.6

1984* 35.009 7.363 8.779 0 5.015 6,229 99.3

1983* 36.226 T.863 9.092 794 4,582 5.015 101.5

1986 38.519 8627 9.165 591 4.636 4,582 100.2

1687 40.210 9.198 9,272 216 4,779 4.636 99.5

19884 39.523 8839 9.557 873 4,933 4,779 103.2

1989* 40.746 9.141 9.867 784 4,992 4,933 105.4

1990 43.070 3.932 9,984 87 5.028 4,992 104.0

1991 4716 10,470 10.055 0 5.442 5.028 103.2

1992 46,031 10.852 10,191 0 €113 5.442 103.6

Average 37.852 B.44. 9.015 239 6,158 6,470 99.1
Drought and

exchange

shortage 53.59

1979 32.986 7.423 7.309 0 10.602 10,488 859

1980 31.108 6.546 7.83%7 0 9310 10.602 93.5

1981 31.951 6.687 R.238 0 7.760 9310 96.9

1982 34123 7.410 8.380 0 6.790 7,760 95.4

1983 35704 7.927 8.488 0 6.229 6,790 95.6

19844 35.009 7.565 8.779 0 5.015 6.229 99.3

19835* 36.226 7 865 9.092 794 4,582 5.015 101.5

1986 38519 8.627 9.165 591 4,636 4,582 100.2

1987 40.210 9198 9,272 216 4779 4,636 99.5

1984* 39.523 8.839 9.357 a73 4,933 4779 103.2

1989* 40746 9. 141 9867 784 4,992 4,933 105.4

1990 43.0760 9932 9,981 0 5.028 4,992 104.0

1991 M6 10470 10.055 0 3,442 5.028 103.2

1992 46,731 10,862 10,191 0 6.113 5.442 103.6

Averdge 37022 8,464 9.015 239 6,158 6.470 99.1

* 1t 15 assumed that a drought occurs n this year.
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Table 13— Wheat model: summary of projections, 1979-92 averages

Index of
the Deflated Present
Opening Procure- Closing Market Price Value of
OutHut Stock ment Imports Issues Stock {1960/61~100) Cost Issues
Projection/Scenario {Q) (SO} {PR} (IM) (1S) {SC) (PW2) {PVC) Per Capita
(1.000 metric tons) (Rs billion) (kilograms)
Consistent projecuons
Basic 38.891 12,012 8.895 646 8,698 12,855 96.7 104.9 11.42
ought 37.847 10,732 8.466 1,006 8.834 11,370 99.5 95.7 11.60
Drought and exchange shortage 37.847 8.379 8,466 644 8.834 8.656 99.5 75.2 11.60
Programnung projections
NO exports, mummum SO hatf ot 1S
Basic 38.896 10.580 8.883 0 8.697 10,765 96.7 83.2 11.49
Drought 37.852 6470 8.464 239 9.015 6.158 99.1 53.6 11.84
Drought and exchange shortage 37.852 6470 8.464 239 9,015 6,158 99.1 53.6 11.84
NO evports, mununam SO one
fourth of 1$
Basic 38.896 10,580 8.883 0 8.697 10.765 96.7 83.2 11.49
Drought 37.852 5.487 8.464 59 9.015 4,995 99.1 44.5 11.84
Drought and exchange shortage 37.852 5.487 8.464 59 9,015 4.995 99.1 44535 11.84
Exports permitted, minimum S0
halt of 1S
Basic 38.896 4.891 8.883 570 8.697 4,506 96.7 429 1.49
Drought 37.852 5.301 8.464 166 9.015 4,916 99.1 46.7 11.84
Drought and exchange shortage 37.852 5.564 8,464 166 9.015 5.179 99.1 478 1.84
Exports permitted, minimum SO
one fourth of 1S
Basic 38.896 2,981 8,883 -752 8.697 2414 96.7 29.2 11.49
Drought 37.852 3.352 8.464 -13 9.015 2.785 99.1 327 11.84
Drought and exchange shortage 37.852 3.871 8.464 -15 9,015 3.303 9¢c.1 35.2 11.84
Exports permitted. minimuin SO
one fourth of 1S. stable con-
sumprion
Basic 33.896 2981 8,883 -752 8.697 2,414 96.7 29.2 11.49
Drought 37.085 4,927 8314 849 9,721 4,369 96.7 43.7 12.76
Drought and exchange shortage 37,085 5.766 8.314 849 9.721 5.208 96.7 47.8 12.76




Figure 1 — Cumulative cost of government operations and per capita consumption
of wheat in different scenarios, 1979-92

Present Value of Cost
(Rs billion)

i we s

P
g0 ) 118,
L1 7

Basic Scenario

Drought Scenario

Drought and Exchange
Shortage Scenario

D Consistent projections, exports allowed, no restrictions on stocks

Z Exports prohibited, minimum opening stocks half of issues

Exports prohibited, minimum opening stocks one-fourth of issues

- Exports allowed, minimum opening stocks half of issues

D Exports allowed, minimum opening stocks one-fourth of issues

Note: The numbers in parentheses are average (1979-92) issues and absorption per capita per year in

kilograms.

drought and exchange shortage with about
30-35 percent of the present operational
loss, if inventory and trade policies are
rationalized.

The shadow prices associated with the
constraints of the main programming run
{Table 9) are shown below.3?

Constraint Shadow Price
(Rs/ton)
Opening stock 516.0
Procurement 336.5
imports 148.6
Issues 0.0

They suggest that the present value of
the total loss between 1979 and 1992 may be
reduced if the constraints are relaxed mar-
ginally: the relaxation of the minimum
inventory requiremer. will give the biggest
reduction, follower: by the easing of the
minimum procurement and the maximum
import requirements, The shadow price as-
sociated with the minimum issue constraint
is zero; the model would reduce costs by
increasing issues, but other constraints do
not allow this.

1t can bhe noted that average consumption
does diminish somewhat in the drought and
drought and exchange shortage scenarios,

* The reported shadow price 1s the change 1n PVC associated with a one-ton change in the constraint level.
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from 44.6 to 44.4 kilograms per capita per
year (Table 7). And the average index of the
real market price does rise from 96.7 to 99.1
(Table 12). Suppose that the government
desires no reduction whatever in total con-
sumption and no rise in the real price of
wheat when drought or an exchange shmage
occurs. An additional constraint, requirirg
stable consumption, can then be included
in the program. The solution values for this
simulation are shown in Table 14 and the
bottom of Table 13. The extra stability re-
quirement raises average imports and in-
ventory. The concessional sales in the drought
and drought and exchange shortage scenarios
:aen rise to 12.76 kilograms per capita per
year. And PVC rises 33.6 percent in the
drought scenario and 35.8 percent in the
drought and exchange shortage scenario,
compared to the lowest-cost case, without
the stability constraint {Table 9). Stiil, the
cost would be 46 percent of the cost in the
consistent projection with the drought sce-
nario. Thus even consumption and price
stahility in years of shortage can be attained

with less than half of the likely loss under
current policies if government operations
are rationalized.

It is difficult to indicate the policy
option that might be preferred by policy-
makers. The choice would depend on the
relative importance attached to the objectives
mentioned earlier. The option of Table 9
{with 25 percent minimum inventory require-
ments and exports allowed) promises the
maximum reduction of the basic cost (72
percent). But if policymakers are averse to
the notion of having exports and reducing
inventory,>! they may prefer the simulations
prohibiting exports which reduce the basic
cost by only 21 percent(Table 13). If, on the
other hand, they attach the heaviest weight
to consumption and price stability, the most
preferred case is the one where stable
consumption is assumed. It allows exports
but ensures that consumption and real
prices do not change even when shortages
occur, though at some extra cost; the cost is
25-33 percent higher than in the option of
Tabie 9.

5! The stmulations in this report are based or. the assumption that the official inventory figuresiepresent real stocks.
It has been reported that the actual stock: mav he smaller because storage losses are heavy.
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Table 14— Wheat model: programming projections with exports allowed, minimum

opening stocks one fourth of issues, and stable consumption, 1979-92

Index of
the Deflated  Present
Procure- Closing Opening  Market Price  Value of
Scenario/ Output ment Issues Imports  Stock Stock  (1960/61=100) Cost
Year Q (PR) {IS) (IM) {sc) (SO) (PW2) (PVC)
(1,000 metric tons) {Rs billion)

Basic 29.23

1979 32,986 7.423 7.309 -6,491 4,111 10,488 85.9

1980 33,048 7.278 7.110 -2,058 2,221 4,111 90.4

1981 33,848 7.468 7.720 88 2,057 2,221 924

1982 34,825 7.713 8,230 566 2,107 2,057 92.9

1983 35,920 8.016 8.428 307 2,001 2,107 94.8

1984 37.030 8.323 8.006 -176 . 2,142 2,001 95.9

1985 36,178 8.663 8,542 0 2,264 2,142 96.8

1986 39,259 8961 9,054 138 2,308 2,264 97.8

1987 40,385 9.274 9,234 -149 2,200 2,308 98.8

1988 41.517 9,588 8.799 657 2,332 2,200 99.8

1989 42,680 9,933 9,327 ~-483 2,455 2,332 100.7

1990 43,797 10.243 9.819 -382 2,496 2,455 101.6

1991 44,949 10,563 9,985 -524 2,550 2,496 102.5

1992 46,124 10912 10,200 -712 2,550 2,550 103.3

Average 38,896 8,883 8.697 -752 2,414 2,981 96.7
Drought 43.67

1979 32,986 7.423 7.309 -1,563 9,039 10.488 85.9

1980° 31,108 6.669 8.206 0 7.502 9,039 90.4

19814 31,559 6.749 9,013 540 5.778 7.502 924

1982 33.268 7.224 9,109 1,242 5.135 5.778 929

1983 34.861 7.683 9,026 1,527 5.320 5.135 94.8

1984* 34,370 7.488 9.509 1,275 4,575 5.320 95.9

1985* 35.399 7.791 10,112 1.213 3,466 4,575 96.8

1986 37,369 8,368 10,122 1,312 3.025 3.466 97.8

1987 39,101 8.871 9,960 1.470 3,406 3,025 98.8

1988* 38,704 8.705 10,389 1.429 3,150 3.406 99.8

19894 39,796 9,028 10,956 1.510 2,732 3,150 100.7

1990 4].836 9,627 10,927 1,253 2,685 2,732 101.6

1991 43615 10,145 10.739 587 2,678 2,685 102.5

1992 45,217 10.627 10,712 85 2,678 2,678 103.3

Average 37.085 8314 9,721 849 4,369 4,927 96.7
Drought and

exchange

shortage 47.78

1979 32,968 7.423 7.309 0 10,602 10.488 85.9

1980* 31,108 6.669 8,206 158 9,223 10,602 90.4

1981* 31.559 6,749 9,013 438 7.397 9,223 92.4

1982 33.268 7.224 9.109 1,124 6,637 7.397 929

1983 34.861 7.683 9,026 1.392 6.686 6.637 94.8

1984* 34.370 7.488 9,509 1.120 5,785 6,686 95.9

1985* 35.399 7.791 10,112 1.034 4.498 5.785 96.8

1986 37.369 8.368 10,122 1.106 3.850 4,498 97.8

1987 39,101 8.871 9,960 1,233 3.994 3,850 98.8

19884 38.704 8.705 10,389 1.155 3.465 3,994 99.8

1989* 39,796 9,028 1 ).956 1.195 2,732 3.465 100.7

1990 41.836 9,627 10,927 1.253 2,685 2,732 101.6

1991 43,615 10.145 10,739 587 2,678 2,685 102.5

1992 45,217 10,627 10,712 85 2,678 2,678 103.3

Average 37.085 8.314 9,721 849 5.208 5,766 96.7

Note: Avatlability for both the drought scenarios is the same as in the basic scenario.

* It 1s assumed that a drought occurs in this year.
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CONCLUDING REMARKS

The wheat revolution tripled India’s wheat
output from about 11 million tons in the
early 1960s to 34 million tons in the five
years ending in 1982, It has brought about
drastic changes in the operation of the dual-
market sysiem. Concessional sales remained
between 4.5 and 8 miliion tons a year (as in
most years since 1964). But imports, which
ranged between 3 and 8 miiiicn tens in all
but two years in the 1960s and early 1970s,
were negligible in the five years ending in
1981. And the closing stock, which seldom
exceeded 3 million tons before 1975, rose
above 10 million tons during 1977-79.

The adjustments made to the new situation
can only be regarded as partial and passiv-.
For without an abnormal increase in the
concessional offtake, the government has
simply let the inventory grow. Asaresultthe
annual cost of the wheat operation has
escalated to at least Rs 4 billion.

The behavioral model of the dual- market
system estimated here projects the demand
for concessional sales to be ahout8-9 million
tons a year over the next decade in both
normal and drought years. The need for the
government to meet this demand is likely to
remain hecause the low rate of growth of
national income per capita (an average of
only 1.3 percent a year) is not likely to
increase, the growth rate of the population
has not decelerated, and the incidences of
poverty (at least 50 percent) and malnutrition
(at least 23 percent) remain undiminished.52

With the current operating rules this
need will be met at a heavy cost: Rs 96-105
billion of present value (PVC) over 1979-92
(Table 6, basic and drought scenarios). But
programming simulations show that, given
the prevailing production and price trends,
this cost can be reduced by 30-35 percent
(to Rs 29-33 billion; see Table 9, basic and
drought scenarios) if the government ra-
tionalizes the small amounts of imports that

may be required in some years and cuts
average inventory down to about one fourth
of its present size, though never to less than
one fourth of issues. This inventory ratio
will be large enaugh to meet issue require-
ments in normal and in bad years.

According to the model, the excess
inventory in some years can be exported.
But it would be better to use it to support a
food-for-work program and a supplemental
nutrition program.>3

The crucial conditions for the success of
the new operating rules, implicit in the
assumptions underlying the projections, are
that the wheat irrigation ratio continues to
grow by 0.8-0.9 percentage points each year
and that real (deflated) procurement and
issue prices are kept stable around recent
levels.

Optimal solution values for all the deci-
sion variables can be computed, with the
kind of dynamic programming model pre-
sented in this paper, for every coming
calendar year, using the crop and foreign
exchange forecasts and information about
changes in exogenous quantities, which are
normally available to the government by
November. The parameters of the model
itself can be revised as more observations
become available, and its specifications can
be improved to reflect structural changes.

One of _he by-products of model simu-
lations of the kind presented here is that
they indicate the demands that a rational
grain management system of a country is
likely to make on world supplies. Estimates
of the grain import requirements of major
importing countries are best made with
models that reflect the peculiarities of their
dual regimes. With rational management of
wheat policy, India may need to import, in
the next decade, only between half a million
and a million tons of wheat in normal years,
and little more than a million tons in drought
years,

*? R4} Krishna. India s Stcky Fconomy {Ahmedabad: Vikram A. Sarabai Ama Memorial Trust, 1981); and P.
V. Sukhatme. Nutntion and Poverty Ninth Lal Bahadur Shastri Memorial Lecture {New Delhi: Indian Agricultural

Research Institute, 1977)

*! A pant of the loss from the wheat aperation will thus be converted into planned outlays on formation of rural material

and human capital
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APPENDIX I:

SOME EARLIER GRAIN MODELS FOR INDIA

In the corpus of econometric research
on Indian agriculture during the last two
decades, a large number of single-equation
relationships have been estimated for in-
dividual crops or groups of crops.54 At least
five multi- equation grain models have also
been estimated.3> The model presented in
this report builds and improves upon the
specifications that proved their merit in
these studies.56

The models by Mann, Barnum, and
Rogers, Srivastava, and Heady were reviewed
and improved upon by Blandford and von
Plocki. The models by Blandford and von
Plocki and by Gupta remain the best available

where

A = area sown with cereals,

P = the deflated wholesale price index for
cereals,

R = the rainfall index, and
N = population.

Y=L (R, T) (BVP2)
where
Y = cereal yield, and
T = time trend.

cereal models so far. It may be useful to
review the specifications and limitations of
these two models as background to the struc-
ture of the wheat model presented in this
report,

QDC= f, (P, PS, IC),  (BVP3)

where

QDC = per capita demand for cereals,

PS = the deflated price index of consump-
tion substitutes for cereals, and

IC = real per capita consumer income.

The Blandford and
von Plocki Model

I=f,(QS. Q). (BVP4)

The equations of the Blandford and von

Plocki model are5? where

[ = total real consumer income,
QS = total domestic cereal supply, and

A=f (A, ,.P . R N) (BVPI)

% In some of these studies, area or output response functions were estimated (for example, in 1. J. Ahluwalia, Behavior
of Pnces and Outputs 1n India [Delhi: Macmillan and Co,, 1979]; and Krishna and Raychaudhuri, Some Aspects of Wheat
and Rice Policy) In others, demand equations were estimated. (Examples are S. Birla, “Regional Demand Analysis of
Major Foodgrains in India” {Ph.D. thesis. University of 1llindis, 1970); and Pandey, “The Analysis of Demand for
Foodgrains™ ) Marketed surplus functions and price determination functions were also estimated (examples of the
former are 1n Ra) Krishna, " The Marketable Surplus Function for a Subsistence Crop,” Economic Weekly, February 1965;
and Pranah K. Bardhan and Kalpana Bardhan, " Price Response of Marketed Surplus of Foodgrains,” Oxford Economic
Papers 50 [No. 2. 1963}, examples of the latter are 1n R. Thamarajakshi, “ Determinants of Wheat Prices,” Agricultural
Sutuation in India 14 [May 1970} 120-136: and N. Krishnaji. "Wheat Price Movements,” Economic and Political Weekly.
June 30, 1973, pp A-42 - A-33, hoth were also estimated in Ahluwalia. Behavior of Prices and Qutputs).

% Jitendar S Mann. “The impact of Public Law 480 Imports on Prices and Domestic Supply of Cereals in India,”
Amenrcan Journal of Agncultural Economics 49 (February 1967) 131-146; Howard Barnum, “Simulation of the Market
for Foodgrains in India,” Amencan Journal of Agneultural Economics 53 (May 1971} -1.9-274; Keith D. Rogers, UmaK.
Srivastava. and Farl O Heady. " Modified Price, Production, and Income Impacts of Food Aid Under Market Differ-
entiated Distribution,” Amencan Journal of Agncultural Economics 54 (May 1972): 201-208; Gupta, Public Distribution of
Foodgrams, and Blandford and von Plocks, "Fvaluating the Disincentive Effect.”

% All of these studies are on cereals and foodgrains; but a disaggregated study of wheat is essential because, though
rice dominates Indian grain output, wheat has been the mainstay of government operations It accounts for48 per-
cent of government procurement, 58 percent of concessional sales, 62 percent of government stocks, and *7 percent
of grain imports { These ratios are averages for five years[1973-77].) Besides. four of the five studies used .me series
only up to 1968 and one (Gupta, Public Dismbution of Foodgrains) used only ten obhservations (1966-75).

" The subscript (1) 15 suppressed. But the subscript (t 1) is retained where a variable is lagged.
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QI = an index of industrial production.
M= £ (QG, FX), (BVPS)

where

M = commercial imports,

QG = the expected “food gap,” and

FX = effective level of foreign exchange re-
serves.,

W= f, (QG. S, PR), (BVPS)
where

W = withdrawals,

S = beginning period stocks, and

PR = internal procurement of cereals by the

government.
QS=AX Y. (BVP7)
QD= 0.875 QS+ ivi + W+ PL480, (BVP8)
where
QD = total consumer demand for cereals,
and
PL480 = total food aid imports.
QDC= QD/N. (BVP9)
IC=I/N. (BVP10)

QG=~ QM -0.875 QS - PL480, (BVP11)
where

QM = the phy:.ologically necessary mini-
mum requirement of cereals,

This model can be usefully amended in
several ways. There is no direct government
purchase equation or a direct concessional
sales equation in the model; these can be
included. A proxy for technological change
needs to be entered in the area function
(BVP1) instead of population, for farmers’
land- allocation decisions depend on expected
profit that, in turn, depends on expected
productivity as well as expected prices. Rela-
tive price and lagged yield variables need to
be added to the yield function {(BVP2), for
input use responds to prices with a lagged
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adjustment. Since the major demand substi-
tution in the wheat market is the one between
the open market and the concessional mar-
ket,deflated prices in both markets need to
be entered in the demand (or absorption)
function (BVP3). The income-generation
equation (BVP4) is evidently too simplified.
The processes of national income generation
are too complex to be endogenized in a sector
model. Therefore aggregate income is better
kept exogenous in a commaodity study.

The Gupta Model

The four equations of the Gupta model
are:

QP=f (PR_,. A_,. T), (G1)
where
QP = net grain production per capita,

PR = the ratio of the grain price index to the
nongrain crop price index,

A = the area index, and
T = the yield index.

QPG = f, (PPD,_,, QPD_,, PFG, QP), (G2)
where

QPG = grain procurement per capita,

PPD = the deflated government issue price
index,

QPD = concessional sales per capita, and

PFG = the deflated grain price index.

QOM = f (PPD, Y, QPD, PFG). (G3)
where

QOM = open- market grain demand per cap-
ita, and

Y = real income per capita.

QP = QPG+ QOM. (G4)

This model, too, can be improved. Con-
cessional sales and import equations need
to be added. The government issue price is



used unnecessarily in the procurement equa-
tion as a proxy for the government purchase
price although purchase-price series are
available. The ratio between the two has var-
ied. Also, an important determinant of pro-
curement, namely, output, needs to be in-
cluded in the procurement equation. Con-
cessional sales influence purchase require-
ments, but actual procurement depends inter
alia on output. Since output is simply the
product of current area and current yield, it

is not appropriate to specify it as a function
of lagged area, current yield, and the rela-
tive price It is better to specify output (or
area and yield separately) as a function of
relative prices, technology proxies, rainfall,
and the lagged dependent variable, Lastly, it
is not necessary to include both concessional
sales and the concessional sale price as ex-
planatory variables in the open-market de-
mand equation, for the two are closely cor-
related.
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APPENDIX 2:
SUPPLEMENTARY TABLES

Table 15— Government supplies and total availability of all foodgrains and wheat,

1951-80
Foodgrains Wheat
Ratio of Ratio of

Govern- Total Government Sup- Govern- Total Government Sup-
Calendar ment Avail- plies to Total ment Avail- plies to Total
Years Supplies ability Availakility Supplies ability Availability

{million metric tons) (percent) {million metric tons) (percent)
1951-55 4.6 57.6 8.0 20 6.6 30.3
1956-60 39 66.8 5.8 2.8 10.8 259
1961-65 6.5 77.9 83 4.6 143 322
1966-70 11 81.9 13.6 6.4 18.1 35.4
197175 104 933 1.1 6.1 236 258
1976-80 11.5 105.1 10.9 6.9 28.6 24.1

Sources. Centre for Monitoring the Indian Economy., Basic Statistics Relating to the Indian Economy (Bombay: CMIE,
1980}, and india, Ministry of Agriculture, Directorate of Economics and Statistics, Bulletin on Food
Stanstics. various issues {Delhi: Controller of Publications, various years).

Table 16— Share of wheat in total foodgrain availability and concessional sales,

1951-80
Concessional Sales: Availability:

Ratio of Wheat Ratio of Wheat

Calendar Years to Foodgrains to Foodgrains
{percent)

195135 43.5 11.5
1956-60 718 16.2
1961.65 708 18.4
[966-70 57.7 22.1
1971-75 58.7 25.3
1976-80 60.0 27.2

sources Centre for Monntoring the Indian Economy, Basic Statistics Relating to the Indian Economy (Bombay: CMIE,
1980). a..1 India. Ministry of Agriculture, Directorate of Economics and Statistics, Bulletin on Food Statistics,
various 1ssues {Delhi. Controller of Publications, various years).
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Table 17— Procurement of wheat and all
foodgrains, 1951-81

Table 18— Imports of wheat and all food-
grains, 1951-81

Ford- Ratio of Wheat Ratio of Wheat
Wheat grain Procurement Food- Imports to
’rocure-  Procure-  to Foodgrain Wheat grain Foodgrain

Year ment ment Procurement Year Imports [mports Imports

{million metric tons) (percent) (million metric tons) (percent)
1951 799 3.826 20.88 1951 3,063 4,801 63.80
1952 792 3.477 22.78 1952 2,551 3.926 64.98
1953 212 2,094 10.12 1953 1,711 2,035 84.08
1954 . 1.429 . 1954 198 832 23.80
1955 C. 15 .. 1955 440 513 85.77
Average 361 2.168 16.65* Average 1,593 2,421 65.80°
1956 S 37 1956 1,104 1,372 80.47
1957 L 294 1957 2,879 3,620 79.53
1958 . 525 .. 1958 2,709 3,210 84.39
1959 265 1.807 14.67 1959 3.543 3.851 92.00
1960 395 1,275 30.98 1960 4,376 5.119 85.49
Average 132 788 16.75% Average 2,922 3,434 85.09*
1961 20 541 3.70 1961 3.090 3.486 88.64
1962 . 479 . 1962 3.249 3,629 8953
1963 5 750 0.67 1963 4,071 4,536 89.75
1964 90 1.430 6.29 1964 5.621 6.252 89.91
1965 379 4,018 9.43 1965 6.572 7.439 88.35
Average 99 1.444 6.867 Average 4,521 5.068 89.21*
1966 219 4,009 5.46 1966 7.827 10,711 75.91
1967 779 3.462 17.46 1967 6,400 8,659 73.91
1968 2,373 6.805 34.86 1968 4,766 5,671 84.04
1969 2417 6.381 37.88 1969 3,090 3.824 80.81
1970 3.183 6,714 47.41 1970 3.406 3.547 96.02
Average 1,794 5.674 31.62¢ Average 5,098 6,402 79.63*
1971 5.068 8.857 57.45 1971 1.811 2,010 90.10
1972 5.024 7.665 65.54 1972 -492 -498 98.80
1973 4,531 8.424 53.79 1973 2,413 3.587 67.27
1974 1.885 5,645 33.39 1974 4,203 4,827 87.07
1975 4,098 9.563 42.85 1975 7.016 7.407 94.76
Average 4.125 8.031 51.36° Average 2,990 3,467 86.24*
1976 6.618 12,853 51.44 1976 5.832 6.515 89.52
1977 5.171 9,974 51.84 1977 547 555 98.56
1978 3.470 11.098 49.29 1978 ces c 100.00
1979 8.000 13,846 57.78 1979 e S 100.00
1980 5.866 11,168 52,53 1980 s Cae 100.00
Average 6.225 11,788 5281 1981 7717 777 100.00‘
1981 6585  12.729 51.73 Average 1193 1,308 9121

Source: India, Ministry of Agriculture, Directorate of
Economics and Statistics, Bullenn on Food
Statistics. various issues (Delhi: Controller of
Publications, various years).

* This figure was derived as the ratio of the average
tonnage for the period

Source: India, Ministry of Agriculture, Directorate of
Economics and Statistics, Bulletin on Food
Statistics, various issues {Delhi: Controller of
Publications, various years).

¢ This figure was derived as the ratio of the average
imports for the period.
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Table 19— Shares of procurement, imports, and stock depletion in the concessional
sales of wheat, 1961-78

Ratio of
Ratio of Ratio of Stock Re-
Procurement Imports to duction to Conces-
Procure- to Conces- Concessional Stock Concessional sional

Year ment sional Sales Imports Sales Reduction Sales Sales

{1.000 {percent) {1,000 (percent) (1.000 (percent) {1,000

metric tons) metric tons) metric tons) melric tons)

1961 20 0.67 3.090 103.59 -127 -4.26 2,983
1962 0 0.00 3.249 100.67 -28 -0.87 3,221
1963 5 013 4,071 106.68 ~-260 -6.81 3.816
1964 90 1.33 5.621 82.84 1,074 15.83 6,785
.965 373 6.31 6,573 110.67 ~1,009 -16.98 5.939
1966 219 2.69 7.784 95.60 139 1.71 8,142
1967 779 10.58 6,348 86.18 239 3.24 7.366
1968 2,352 40.88 4,766 82.81 -1,363 -21.69 5.755
1969 2417 46.52 3.090 59.48 -312 -6.00 5,195
1970 3.183 39.53 3.425 64.05 -1,261 -23.58 5347
1971 5.088 114.21 1.814 40.72 -2,447 -54.93 X
1972 5.024 86.57 314 5.41 465 8.02 5.803
1973 4,531 63.55 2414 33.86 185 2.59 7,130
1974 1.885 33.25 4,203 74.14 -419 -7.39 5,669
1975 4.098 54.31 7,016 92,99 -3.569 -47.30 7.545
1976 6.618 13196 5.832 116.29 -7.435 -148.25 5.015
1977 5.171 80.85 547 8.55 678 10.60 6,396
1978 5.470 79.79 300 4.38 1,085 15.83 6,855

Source: India, Ministry of Agriculture, Directorate of Economics and Statistics, Bulletin on Food Statistics, various
1ssues {Dethi: Controller of Publications, various years).

Table 20— Ratio of wheat procurement to production, 1959/60-1979/80

Ratio of Procurement

Marketing Year to Output
1959,/60 298
1960.61 3.53
1961/62 1.82
1962,63 S
1963:64 0.84
1964.65 095
1965.66 3.78
1966/67 1.90
156768 7.84
1968,69 13.89
196970 12.80
197071 15.89
1971 72 21.40
197273 18.96
197374 18.32
19747753 8.98
1975/76 16.80
1976 77 2289
1977.78 17.80
197879 17.25
1979 80 22,51

Sources' RajKnshna and (i S Raychaudhuri,”Some Aspects of Wheat Price Policy in India.” Indian Economic Review
10October 1979). and india, Ministry of Agriculture, Directorate of Economics and Statistics, Bulletin on Food
Stansties. various 1ssues (Delhi Controller of Publications. various years).

Note The marketing year ends n March. The average ratio for 1959/60-1966,67 was 1.97; for 1967/68-1974/75.
14.76. and for 1973-76-1979.80, 19.45
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Table 21 — Procurement of wheat in Punjab and Haryana and in all India, 1967-77

Ratio of Pro-
curement in

Procurement Punjab and Haryana
in Punjab All-India to All-India
Year and Haryana Procurement Procurement
(1,000 metric tons) (percent)

1967 630 799 78.8
1968 1,572 2,373 66.2
1969 2,145 2417 88.7
1970 2,845 3,183 89.4
1971 3.647 5.088 71.7
1972 3,997 5,024 79.6
1973 3,293 4,531 72.7
1974 1.332 1.885 70.7
1975 2.794 4,098 68.2
1976 3.849 6,618 58.2
1977 4,142 5.170 80.1
41,186 73.4

Total 30246

Source: R. N. Chopra. Evolution of Food Policy in India (Delhi: MacMillan and Co., 1981).

Table 22— Average difference between the wholesale and procurement prices of
wheat, selected states and years

Difference Betwéen the

Number of Whaolesale and Procurement
State Period Years Prices of Wheat
|percent)

Bihar 1951/52-1953/54 3 28.7
1965/66-1975,76 10 29.3
Gujarat 1951/52-1952/53 2 324
1965,/66-1974/75 10 273
Madhya Pradesh 1952/53-1953/54 2 9.1
1965/66-1975/76 11 17.2
Rajasthan 1951/52-1953/54 3 16.1
1967/68-1975/76 9 199
Uttar Pradesh 1951/52-1952/53 2 16.1
1966/67-1975/76 10 18.5
Punjabh 1967/68 1 0.0
{Mexican varieties) 1968/69 1 0.0
196970 1 0.0
1970/71 | 0.0
‘971772 1 5.0
1972:73 1 9.0
197374 | 4.0
1974/75 | 10.0

Sources RajKrishnaand GG S Raychaudhuri, “Some Aspects of Wheat Price Policy in India,” Indian Economic Review
{October 1979) The figures for Punjab are from D. S. Sidhu, Price Policy for Wheat in India (New Delhi: S.

Chand and Co.. 1979)
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Table 23— Difference between the cost of production and the procnrement price of
wheat, various states, districts, and years

Average Proportion
by Which the
Procurement Price
Exceeds the Cost

State/District/Crop Period of Production
(percent}
Haryana
Karnal, Rohtak, and Jind Tehsil of Sangrur 1961/62 - 1963/64
Unirrigated wheat -233
Irrigated wheat -28.6
Bihar
South Monghyr 1957/58 -- 1959/60 -27.0
Shahabad 1960/61 - 1962/63 -37.9
Rajasthan
Pali 1962/63 - 1964/65 -29.2
Punjab
Amritsar and Ferozepur 1954/55 ~ 1956/57
Unirrigated wheat ~-14.0
Irrigated wheat -1.5
Ferozepur 1967/68 - 1969/70
Desi wheat +11.0
Mexican wheat +30.0
Uttar Pradesh
Meerut and Muzaffarnagar 1955/56 - 1956/57
Unimrigated wheat -21.0
Irrigated wheat +8.0
Deoria 1966/67 - 1968/69
Unirrigated wheat +39.6
Irrigated wheat +21.0
Muzaffarnagar 1966/67 - 1968/69
Unirrigated wheat +41.0
Trrigated wheat +66.0

Source: P.jKrishna and G. S. Raychaudhuri, “Some Aspects of Wheat Price Policy in India,” Indian Economic Review
(October 1979).

Notes: The cost data are from samples taken from districts selected in farm management studies as representative
of states or regions. They are averages of the two or three crop years of the period. The sample, taken each
year. usually covered 200 farms, with the number of farms in each size class proportional to the number of
farms in that class in the district.



Tabl@24— Procurement price and cost of production of high-yielding wheat,

Punjab, 1967/68-1977/78

~

Proportion by Which

Procurement the Procurement
Average Price in Mar- Price Exceeds the
Production Year Cost* keting Year Average Cost
(Rs/quintal) (percent)
1967.68 50.02 76.00 51.94
1968.69 67.45 76.00 12.68
1969.70 62.69 76.00 21.23
1970:71 60.96 76.00 24.51
1971 72 59.71 76.00 27.28
197273 67.10 81.00 20.72
1973.74 74.34 105.00 41.24
1974 75 8776 113.00° 28.76
1975 76 99.45 113.00° 13.62
1976 77 101 .39 110.00 8.49
1977.7 108.45 112.50 3.74

Source D S. Sidhu, Pnce Policy for Wheat in India *New Delhi: S. Chand and Co., 1979), p. 75.

Notes  The production year runs from July to June and the marketing year from April to March. Thus the output of

crop vear 1967 68 would be marketed in the marketing year 1968:69.

* These figures include family-supphed mputs valued at market prizes.

® Thus figure includes the imputed value of a special fertilizer subsidy (Rs 8 per quintal of wheat).

Table 25— Number of fair price and ra-  Table 26— Annual availability and con-
cessional saies of foodgrains

tion shops, 1961-78

per capita, 1961-78

Number of
Year Shops Concessional
Year Availability Sales
1961 47.370
1962 50,052 (kilograms)
1963 59,554
1964 103.198 1961 171.1 8.99
1965 109.881 1962 168.2 9.65
1966 135,997 1963 162.0 11.21
1967 142.815 1964 1654 18.35
1968 140,402 1965 175.3 20.89
1969 138.777 1966 149.0 28.56
1970 122,038 1967 146.5 26.11
1971 121.032 1968 168.4 19.83
1972 165.031 1969 162.5 17.81
1973 200.635 1970 166.1 16.41
1974 221.975 1971 171.1 14.18
1975 240.210 1972 170.7 18.61
1976 236.196 1673 154.2 19.82
1077 238.622 1974 165.1 18.34
1978 238727 1975 148.7 18.73
1976 1665 14.96
1977 158.8 18.74
Source India, Ministry of Agniculture, Directorate of 1978 172.4 15.95
Economics and Statistics. Bullen on Food Mean 163.4 17.62
Statistics. vanous 15ses (Dethy Controller of Minimum 146.5 28.56
Publications, various years) Maximum 175.3 8.99
Source: India, Ministry of Agriculture, Directorate of

Economics and Statistics, Bulletin on Food
Staustics. various issues (Delhi: Controller of
Publications, various years).
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Table 27— Total absorption and conces- Table 28— Ratios of the issue price to the

sional sales of wheat per cap- procurement price and to
ita, 1961-78 the import price of wheat,
1961-79
Concessional
Year Absorption Sales Ratio of the Ratio of the
[3sue Price to the Issue Price
{kilograms) Procurement to the
Year Price Import Price
1961 28.75 6.79
1962 30.78 7.7
1963 28.94 8.32 1961 1.1134 1.1131
1964 32.74 14.47 1962 1.0769 1.0651
1963 34.09 12.39 1963 1.0000 1.0393
1966 34.83 16.62 1964 1.0000 0.9330
1967 33.16 14.71 1965 0.9222 1.2270
1968 35.06 11.25 1966 0.9266 1.2559
196% 36.64 9.93 1967 0.6416 0.7847
1970 37.05 9.99 1968 0.9365 1.2025
1971 37.13 8.14 1969 0.9989 1.3116
1972 4281 10.35 1970 1.0263 1.3151
1973 42.48 12.44 1971 1.0263 1.3218
1974 39.14 9.68 1972 1.0263 0.8067
1975 41.14 12.60 1973 1.0526 0.7099
1976 38.80 8.19 1974 1.0354 0.7251
1977 42.70 10.22 1975 1.1905 0.7345
1978 45.20 10.71 1976 1.1905 0.7702
Mean 36.75 10.78* 1977 1.1364 0.6786
Minimum 28.75 6.79 1978 1.1148 0.6765
Maximum 45.20 16.62 1979 1.1148 0.6215
Source: India, Ministry of Agriculture, Directorate of Source: India, Ministry of Agriculture, Directorate of
Economics and Statirtics, Bulletin on Food Economics and Statistics, Bulletin on Food
Stanistics, various issues (Delhi: Controller of Statistics, various issues (Delhi: Controller of
Publications, various years). Publications, various years).

* The mean excluding the abnormal years 1964, 1965,
and 1966 is 9.88 kilograms.
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Table 29— Ratios of the wheat import price to the domestic wholesale price, to the
unit value of imports, and to the procurement price, 1961-78

Ratio of the Ratio of the Ratio of the
import Pnice Import Price Import Price
to the Domestic to the Unit Value to the Procure-

Year Wholesale Price of Imports ment Price
1961 0.932]1 1.0204 1.0003
1962 09422 14117 1.0111
1963 0.9698 1.1041 0.9622
1964 0.c381 1.2051 1.0718
1965 0.660. 1.0615 0.7516
1966 0.7095 08467 0.7375
1967 0.8626 1.3088 0.6174
1968 07819 1 2567 0.7787
1969 0.7418 1.2184 0.7610
1970 0.7408 1 2482 0.7804
1971 0.7667 1.3366 0.7764
1972 1.1892 2.0032 1.2721
1973 1.3258 1.7149 1.4827
1974 1 0820 1.2291 1.4279
1973 12764 1.2785 1.6208
1976 1 3692 1.2286 1.5456
1977 1 5022 1.5573 1.6745
1978 15235 15238 1.6478

Sources Centre for Monitoring the Indian Economy, 8asic Statistics Relating to the [ndian Economy (Bombay: CMIE,
1980), ana India. Ministny of Agriculture, Directorate of £.conomics and Statistics, Bulletin of Food Statistics,
various 1ssues (Delht Controller of Publications, vanous years)

Table 30— Wheat zoning and price variation, 1951/52-1974/75

Coenncient
of Variation Average for

Year of State Prices System Zoning System
1951 52 19 26 L.

1952 53 13.68 L

1953 54 830 L

1954 55 1310 L 13.59
1955 36 10.46 F

1936 57 914 F 9.80
1957 58 14.46 S

1958 39 1555 S

1959 60 19.99 S

1960 61 12.15 S 15.54
1961 L2 13.14 F

1962 63 1009 F

1963 64 763 F 10.2¢
1964 65 30139 S

1965 66 3243 S

1966 67 2327 S 28.70
1967 68 20 31 L 20.31
1968 69 2112 S

1969 70 1072 S 15.92
197071 1694 F

1971 72 1503 F 15.99
1972 73 1497 S

197374 2233 S

1974 7% 1564 S 17.65

Source: Raj Knishna and (G S Raychaudhurt, “Some Aspects of Wheat Price Policy in India.” Indan Economic Review
10ctoher 1979)

Notes L stands for a large- zone svstem. i which mosement within a group of states is free S stands for a single-
state system. in which movement outside a state requires a license F stands for a svstem in which
movement 1S Not Testricted
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Table 31 — Annual growth rates of income, expenditure, and wheat absorption, and
ratios of absorption growth to income and expenditure growth, 1961-78

Variable Growth Rate Ratios of Growth Rate
(percent/year)
Consumption expenditure {X) 3.16 D+ X 1.58
Consumption expenditure per capita (XPC) 0.90 DPC + XPC 2.99
Aggregate income (YC) 3.69 D+ YC 1.36
Aggregate income per capita (YPC) 1.45 DPC+ YPC 1.86
Aggregate wheat absorption (D) 5.00
Aggregate wheat absorption per capita (DPC) 2.69

Sources India. Ministry of Agriculture, Directorate of Economics and Statistics, Sulletin on Food Statistics, various
1ssues {Delhi- Controller of Publications. various years); india, Central Statistical Organisation, Natlonal
Accounts Stenstics, vavious issues {Delhi. Cuntroller of Publications, various years).

Table 32— Wheat imports and aid util-

ized, 1961-78

Table 33— Concessional .nd total im-

ports of wheat, 1961-78

Ratio of Ratio of
Value °° the Value of Conces- Concessional
Whea. Aid Wieat Imports Total sional Imports to
Year imports Utilized 0 Aid Utilized Year Imports Imports  Total imports
{Rs million) (percent) (1,000 metric tons) (percent)
1961 7755 5.320 14.58 1961 3,090 3.090 100.00*
1962 918 6 6.990 13.14 1962 3,249 2,433 74.68
1963 1028 6 9,290 11.07 1963 4,071 3.567 87.67
1964 24192 11,390 21.24 1964 5.62( 4,509 80.22
1965 2647 3 12,160 21.77 1965 6.573 6,297 95.80
1966 4230 4 11.320 37.37 1966 7.784 7.649 98.27
1967 3784 7 11.770 32.16 1967 6,348 5.086 80.12
1968 25349 9.130 28.42 1968 4,766 4,766 100.00*
1969 1.843 3 81370 22.02 1969 3.090 2,700 87.38
1970 17337 7.800 2223 1970 3.425 2.649 77.34
1971 1.026 0 8.210 12 50 1971 1.814 1.814 100.00*
1972 481 6 6.050 796 1972 314 314 100.00*
1973 3461 0 8.030 43 10 1973 2414 119 493
1974 69818 9.680 7213 1974 4,203 81 1.93
1975 120722 14.360 8407 1975 7.016 995 14.18
1976 50710 12,480 64 67 1976 5.832 581 9.96
1977 9358 10.760 870 1977 547 547 100.00*
1978 660 7 10.940 604 1978 300 a8 29.33
Average 3.525 2.627 74.52°
Sources The values of whest imparts are fron United
Natuons. keonomie and Soctal Commission Sources: The figures for total imports are from India,
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for Asia and the Pacifie Staustical Yearbook for
Asia and the Pacific (Banghok ESCAP 1978)
The figures tor aid unlized are from the Re-
serve Bank of India. Report on Curency and
Finance variousissues(Bombay  Reserve Bank
of India wanous vedrs)

Ministry of Agriculture, Directorate of Eco-
nomics and Statistics, Bulletin on Food Statistics.
various issues {Delli: Controller of Publica-
tions, various years). The figures for conces-
sional imports were provided by Barbara
Huddleston of the International Food Policy
Research Institute

* Inthis year concessional imponts exceed total imports.
They are. however. shown as equal to total imports,

® This was wenved as the ratio of average iraports.



Table 34— Wheat model: projections of exogenous variables, 1979-92

Foodgrain Deficit Foodgrain Deficit Irriga- General
Aid for Issues {DEF) for Imports (DEFM) tion Price Index
Utilized Basic Drought Basic Drought Ratio  (1970/71=100)
Year {ADU) Scenario Scenario Scenario Scenario (IRW) (PALL2)
(Rs ballion) (1.000 metric tons) (percent)
1979 I 10.584.4 10,584.4 -12,755.72 -12,755.72 66.7 204.4
1980 I 10,680.5 16,772.2 -12,755.72 -5,201.00 67.5 224.8
1981 11 10,776.7 13.822.5 -12,755.72 -8,978.36 68.4 247.3
1982 B 108728 10.872.8 -12,755.72 -12,755.72 69.3 270.0
1983 It 10,969.0 10,969.0 -12,755.72 -12,755.72 70.2 299.2
1984 11 11,0650 17.156.7 ~12,755.72 -5,201.00 71.1 329.2
1985 11 11,161.2 14,2070 -12,755.72 -8,978.36 72.1 362.1
1986 i1 11,2574 11.257.4 -12,755.72 -12,755.72 73.0 398.3
1987 11 11,353.5 11.353.5 -12,755.72 -12,75572 74.0 438.2
1988 11 11.449.6 17,5413 -12,755.72 -5.201.00 749 482.0
1989 1 11,545.8 14,591.6 -12,755.72 -8,978.36 75.9 530.2
1990 11 11,6419 11,641.9 ~12,755.72 -12.755.72 76.9 583.2
1991 11 11,7380 11,738.0 -12,755.72 -12,755.72 77.9 641.5
1992 11 11,834.1 11.834.1 -12,755.72 -12,755.72 78.9 705.7
Ratio of the
Lagged Ratio Price Index of
of the Price Index Cereals Other
of Barley and Gram than Wheat to
to the General the General
Wholesale Wholesale Issue Issue Import
Price Index Price Index Price Price Price
Year (PBG21) (PCS) (Pl) (PILL2) {PM)
(Rs/quintal)  (constant 1961  (Rs/quintal)
Rs/kiiogram)
1979 1.0538 2.00 137.97 0.6750 164.37
1980 1.0538 2.00 151.74 0.6750 182.54
1981 1.0538 2.00 166.93 0.6750 187.32
1982 1.0538 2.00 182.25 0.6750 172.03
1983 1.0538 2.00 201.96 0.6750 176.80
1984 1.0538 2.00 222.21 0.6750 197.83
1985 1.0538 2.00 244 .42 0.6750 218.86
1986 1.0538 2.00 268.85 0.6750 234.45
1987 1.0538 2.00 295.79 0.6750 251.14
1088 1.0538 2.00 325.35 0.6750 269.01
1989 §.0538 2.00 357.89 0.6750 288.17
1990 1.0538 2.00 393.66 0.6750 308.70
1991 1.0538 2.00 433.00 0.6750 329.39
1902 10538 2.00 476.35 0.6750 329.39
index of the Deflated
Import Price Deflated Import Procurement
Index Price of Wheat Procure- Price
{1961 -100) {1961 =100) Population ment Price (1961 Prices)
Year (PM) {PMM) (POP) {PP) (PP2)
(million) {Rs/quintal) (Rs/kilogram)
1979 598 8 148.8 654.59 123.66 0.6055
1980 665.0 150.2 669.52 136.00 0.6055
1981 6824 140.2 684.78 149.62 0.6055
1982 626.7 117.0 700.39 163.35 0.6055
1983 644.1 109.3 716.36 181.02 0.6055
1984 720.7 111.2 732.70 199.17 0.6055
1985 797.3 110.1 749.40 219.07 0.6055
1986 854.1 107.0 766.49 240.97 0.6055
{continued)
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Table 34— Continued

1987 9149 103.9 783.96 265.11 0.6055
1988 980.0 100.9 801.84 291.61 0.6055
1989 1,049.8 98.0 820.12 320.77 0.6055
1990 1.124.6 95.2 838.82 352.84 0.6055
1991 1,.200.0 922 857.94 388.10 0.6055
1992 1,200.0 83.5 877.51 426.95 0.6055
Aggregate Consumption
Rainfall Unit Value Consumption Expenditure
Index Index of Expenditure Per Capita
Qutput of (Normal-» Market- All Imports {1970/71 {1970/71
Foodgrains 100) ing Cost {1958=100) Prices) Prices)
Year (QFG) (RAW} {ST) {UVIM) {X) (XPC)
(million metric tons) {Rs/quintal}) (Rs 10 million) {Rs)
1979 133.2 100.00 32.85 394.35 35,791.05 546.77
1980 136.4 100.00 35.30 433.79 36.864.78 550.62
1981 139.7 100.00 38.00 477.16 37,970.73 554.50
1982 143.1 100.00 40.80 524.88 39,109.85 558.40
1983 146.5 100.00 43.90 577.47 40,283.14 562.33
1984 150.1 100.00 47.20 635.10 41,49].64 566.29
1985 153.7 100.00 50.70 709.62 42,736.39 570.27
1986 157.5 100.00 54.50 782.62 44,108.48 574.29
1987 1613 100.00 58.50 863.13 45,339.03 578.33
1988 165.2 100.90 62.80 951.91 46,699.20 582.40
1989 169.2 100.00 67.50 1.049.34 48,100.18 DA
1990 1733 100.00 72.50 1.157.83 49,543.19 5906..,0
1991 177.5 100.00 77.90 1,274.94 51,029.48 594.78
1992 181.8 100.00 83.70 1.408.30 52,560.36 598.97

Notes: ADU: Foreign aid utilized is kept constant in nominal terms at about its value in 1978 (Rs 11 billion).

DEF: The grain deficit for issues is projected directly with an equation estimated with the 1961-78 DEF
series with rainfall and time as variables.

DEFM: The grain deficit for imports is projected with an equation estimated with the 1961-78 DEFM
series with rainfall and time as variables. The time-trend contribution is assumed to be zero in the future,

IRW: The wheat irrigation ratio was 66 percent in 1978. Sanderson and Roy projected it to rise to 76.9
percent in 1990. The ratios for intermediate years are interpolated.

PALL2. UVIM: Gereral domestic prices and the unit value of all imponts are assumed to rise 10 percent a
year from the bhase year 1978.

PBG21: Theratio of the price index of barley and gram to the general wholesale price index is assumed (o
remain constant at its 1978 value.

TC5. The ratio of the price index of consumption substitutes (cereals other than wheat) to the general
wholesale price index is kept constant at 2.00, its value in 1978.

PM: The World Bank projections of the world price of wheat (in current dollars) are used {World Bank,

“Biennial Review of Commodity Price Forecasts.” Washington, D.C.. May 1982 [mimeographed]). To

compute the 1981 rupee price, the 1978 price is inflated by the percentage by which the World Bank price for
1981 exceeds the World Bank price for 1978. Rupee prices for other years are projected similarly. Prices for
years for which World Bank projections are not m.de are interpolated. The 1978 PM was Rs 1,510 per ton.

PMM: This is the import price of wheat deflated by the unit value of all imports.

POP: The population growth rate assumed is the same as in the decade 1971-81 (2.28 percent a year).

PP. PF, PP2, PILL2: Deflated procurement and issue prices (PP2 and PILL2) remain constant in real terms.
Nominally they (PP and PI) rise 10 percent a year. The nominal PP and PI series are also given: computed as
PP = PP2 # PALL2 and PI = PILL2 » PALL2.

QFG: The output of foadgrains is assumed to grow (in normal years) 2.42 percent ayear. This is the growth
rate projected by Sanderson and Roy.

RAW: In the basic scenario. rainfall is kept normal at 100. In the drought scenario, rainfall is assumed to
be 20 percent below normal in 1980, 1984, and 1988, and 10 percent below normal in 1981, 1985, and 1989,
Except in 1966 the dip in rainfall has varied hetween 12 and 20 percent.

X: Aggregate consumption expenditure is projected with a trend equation fitted to the 1961-78 series. The
rainfall variable 1s included in the trend equation, so that it projects a trend value of X in normal years and a
value helow the trend in drought years

XPC: Consumpt.on expenditure per capita = X;POP.

Gross output lagged one year (Q1). the lagged ratio of the open-market wholesale price {PW} to PALL2.
thatis, PW21. and the opening stock{SO) are endogenously generated for each year as the solution values of
the preceding years’ gross output {Q). ratio of PW to PALL2 (PW2), and closing stock {SC).
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Table 35— Ratio of opening stock to issues of wheat, 1961-78

Year Ratio Average
1961 0.58

1962 0.53 0.52
1963 0.44

1964 0.27

1965 0.09

1966 0.17 0.17
1967 0.16

1968 0.17

1969 0.42

1970 0.44 043
1971 0.74

1972 0.90 0.82
1973 0.27

1974 021 0.22
1975 0.18

1976 1.00

1977 1.92 1.54
1978 1.69

Source: India, Ministry of Agriculture, Directorate of Economics and Statistics, Bulletin on Food Statistics, various
issues {Delhi: Controller of Publications, various years).
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APPENDIX 3:
DICTIONARY OF SYMBOLS

Symbol Variable Unit
A Coefficient matrix of endogenous variables in
3SLS equations,
AC Area under wheat, Million hectares
ACl AC lagged one year. Million hectares
ADU Total foreign aid utilized. Rs 10 million
B Coefficient matrix of predetermined variables
in 3SLS equations.
C Net aggregate cost of government operations. Rs billion
D Total demand (absorption). 1,000 tons
DEF Foodgrain deficit for issues =
DFG* - SPFG + PRFG. 1,000 tons
DEFM Foodgrain deficit for imports =
DEF - SOFG - PRFG = DFG* - SPFG - SOFG. 1,000 tons
DFG* Desired total demand (absorption) for food-
grains computed as 163.4 kilograms per capita
per year, the average for 1961-78. 1,000 tons
DEFPC F'oodgrain deficit for issues per capita. 1,000 tons
DPC Total demand (absorption) per capita. Kilograms per year
E Column vector of endogenous variables.
FE FEA deflated by the UVIM index: 1958 = 100. Rs billion
FEA Foreign exchange available (total aid utilized
plus exchange reserves plus export receipts). Rs 10 million
G Column vector of predetermined variables,
IM Total imports. 1,000 tons
IS Government issues (concessional sales). 1,000 tons
ISPC Government issues per capita. Kilograms per year
IRW Irrigation ratio: the ratio of wheat area under
irrigation to total wheat area. Percent
PALL2 Wholesale price index for all commodities;
1970/71 = 100.
PB Wholesale price index of harley; 1970/71 = 100.
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Symbol Variable Unit
PBG21 Ratio of the price index of major production

substitutes of wheat, that is, barley and gram,

to the general wholesale price index, lagged

one year; 1970/71 = 1C,
PCS Ratio of the price index of the consumption

substitutes of wheat (cereals other than wheat)

(1961/62 - 100) to the general wholesale price

index (197v/71 = 100).
PG Wholesale price index of gram; 1970/71 = 100.
Pl Government issue price. Rs per quintal
pI Government issue price. Rs per ton
PILL2 Issue price (deflated): PI/PALL2. Rs per quintal
PM Import price; 1961 = 100.
PMM Import price (deflated): PM/UVIM.
POP Population. Million
PP Procurement price. Rs per quintal
PP’ Procurement price. Rs per ton
PP2 PP/PALL2. Rs 100 per quintal
PQR Wheat procurement/output ratio. Percent
PR Procurement. 1,000 tons
PVC Present value of cost C over the projection

period (1979-92). Rs billion
PW Open market wholesale price; 1961/62 = 100.
PW2 PW/PALL2.
PW2i PW2 lagged.
Q Gross output. 1,000 tons
Qi Q lagged one year. 1,000 tons
RAW Rainfall index tor wheat; normal = 100.
SC Closing stock with the government. 1,000 tons
SO Opening stock with the government. 1,000 tons
SOFG Opening stock of all foodgrains with the gov-

ernment. 1,000 tons
SP Supply available for human consumption from

the output of wheat; 0.879 Q. 1,000 tons
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Symbol Variable Unit
SPFG Net production or supply available for human

consumption from feodgrain output; 87.5 per-

cent of output, 1,000 tons
ST Average carnrying cost. Rs per quintal
URXR Ratio oi »sban consumption expenditure per

capita to rural consurnption expenditure per

capita (XUPC/SRPC).
UVIM Unit value index of imports; 1958 = 100.
WAP Weighted average of the market wholesale and

concessional issue prices of wheat (1970/71

prices) weighted by the proportions of com-

mercial and concessional absorption in total

absorption, and deflated by the general whole-

sale price index. Rs per quintal
X Aggregate real consumption expenditure;

1970/71 prices. Rs 10 million
XPC Aggregate real consumption expenditure per

capita; 1970/71 prices. Rs 10
XRPC Rural consumption expenditure per capita. Rs
XUPpPC Urban consumption expenditure per capita. Rs
YC National income; 1970/71 prices. Rs 10 million
YD Yield. Kilograms per hectare
YDI YD lagged one year. Kilograms per hectare
YPC National income per capita; 1970/71 prices, Rs 10



APPENDIX 4:
INTERCEPT ADJUSTMENTS

For computing the projections, the in-
tercepts of the estimated reduced form
equations were adjusted to reflect some
structural changes in the last few years of
the estimation period. The major structural
changes were a drastic reduction in conces-
sional imports after 1970 and a sharp decline
in nonconcessional imports in 1977, 1978,
and 1979.

Therefore the intercept in the import
equation was adjusted to reduce total imports
by 3.5 million tons. This adjustment gener-

ated realistic imports for the early years of
the projection period.

The intercept in the deflated wheat price
(PW2) equation was also adjusted so that
the value of PW2 in 1979 (in the basic
scenario) came to be 1.56, in line with its
actual value in 1979 and 1980.

Adjustments were also made in the inter-
cepts of ihe procurement (reduced by 1|
million tons) and issues (raised by 1 million
tons) equations.
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APPENDIX 5:
MARKETING COSTS

Procurement cost figures available from
the FCI and Garg averaged 15 percent of the
procurement price between 1969/7¢ and
1979/80.58 This ratio is applied to ihe pro-
curement price to get the cost per unit
procured.

Distribution cost figuires made available
by the FCI averaged 15.6 percent of the
procurement price between 1969/70 and
1975/76. This ratio is applied to the pro-
curement price to get the distribution cost
per unit of issues. The distribution cost for
imported grain is assumed to be the same as
for domestic grain.

The port clearance cost for imported
grain is calculated as a proportion of the
distribution cost— the proportion being the
average between 1969/70 and 1975/76 in
the data supplied by the FC1{0.50). Since the

distribution cost is 15.6 percent of the
procurement price, the port clearance cost
is 7.8 percent of the procurement price.
Thus in the expression for aggregate
cost, the following marketing costs enter in
addition to the basic purchase/import costs:

procurement cost =0.15 x procurement

price x procurement,

distribution cost = 0.156 x procurement

price x issues,

port-clearance cost = 0.078 x procurement
price x imports, and

= (storage cost ST) x
0.50 x (opening stock
+ closing stock).

storage cost

» Food Corporation of india. New Delhi, correspondence; Garg, State in Foodgrain Trade.
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APPENDIX 6:

AN ALTERNATIVE SIMULATION
WITH TOTAL GRAIN DEFICIT
IN THE WHEAT ISSUE EQUATION

Two specifications of the issue equation
were presented in Chapter 4.

IS= f,(PW2, PILL2, X), (4)

and

(Table 2,
equation [8])

IS= f(PILL2, PW2, DEF).

The estimated OLS coefficients of these
equations are given in Tables 1 and 2.

For the main simulations of Chapters 6
and 7, only the first specification has been
used. But some reviewers suggested that the
simulations might be different if concessional
sales of wheat were regarded as linked with
the overall grain deficit (apart from the rel-
evant ruiative prices). Therefore 3SLS param-
eters with equation (8) from Table 2 were
estimated (Table 36) and used to simulate
the main programming case, in which ex-
ports are allowed and stocks are a minimum
of 25 percent of issues (Tables 36 and 37).

The estimated coefficients of the issue
equatior with the DEF variable change
significa ¢ in the 3SLS system in comparison
with the OLS values. In fact, both the price
coefficients that are nou significant in the
OLS equation (Table 2, equation {8]) become
significant in the 3SLS equation {Table 36,
equation [4]). And the price elasticity rises
from -0.2 to -1.1.

Comparing the averages for the projection
period of the cases with and without a deficit
variable {Table 38). it can be noted that the
differences between projected outputs and
purchases in the two sets of projections are
small. But average sales are higher by 2.0-2.6

percent and imports and closing stocks are
significantly higher when a deficit variable
is included, particularly in the drought and
drought and exchange shortage scenarios.
In these scenarios, instead of average net
exports, the DEF specification projects aver-
age imports of about 300,000 tons a year.
And the average stocks are 10 percent higher
(at 3.1 million tons) in the drought scenario
with the DEF specification.

The average real market price level is
marginally lower (by 0.1-0.3 percent), and
the present value of the cost of government
operations is 5-9 percent higher (Table 38).

But these differences are well within the
range of outcomes under alternative as-
sumptions, even if the issue equation in-
cludes X (see Table 13). The average stock,
even with the DEF specification, is less than
a third of the initial level in 1979; and imports
are less than a third of a million tons, or
about equal to the lowest levels in the 1961-
78 period.

Average concessional consumption per
capita is somewhat higher with the new issue
equation: in the basic scenario, it is 11.66
kilograms with DEF and 11.49 kilograms with
X in the issue equation, in the drought sce-
narios it is 12.18 kilograms with DEF and
11.84 kilograms with X in the issue equation
(Tables 7 and 39). But as was noted in Chap-
ter 7. average concessional sales per capita,
even with X in the issue equation(11.5 kilo-
grams), are 1 1 percent higher than the aver-
age in the past. The inclusion of DEF in the
issue equation only raises it and the as-
sociated loss.

Thus the expectation that the DEF speci-
fication will produce radically different and
preferable projections has not been fulfilled.
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Table 36— Wheat model equations, three-stage least squares, with grain deficit

in the issue equation, 1961-78

Equation  Dependent
Number Variable Cor:stant Independent Variables
PBG21 PW21 RAW {RW Qi
2 Q -25.1.16.7 -2.445.32° 6.229.98* 0.9767* 26.1031*  0.6729*
(-6.56) {-1.69) (3.81) (5.87) {3.39) {5.66)
[ 0.14) [0.63] [0.50) [0.66)
WAP PCS X
3 D -10,223.2* -10,223.2¢ 3.944.56* 1.0984*
(-3.02) {~2.96) (2.97) {21.62)
[ 041 |0.46) {1.51)
PILL2 PW2 DEF
4 IS 586542  -9,402.82° 2.644.49° 0.1238° .
(2.29) { 3.16) (2.35) {3.93)
| -1.08} {0.89) {0.07]
Q PP2 PW2
5 PR -3.695.77¢ 0.3135° 6.550.06° 2,046.86° .
{-2.14) (14.93) (2.40) (-1.60)
12 20] 11.58] [-1.45]
PMM ADU DEFM
6 ™ 7.320.89* -3.530.4¢ 2.8319° 0.1814*
(3.19) {-3.52) {2.16) {3.75)
| 1.17) {071] (0.38]

Notes. The figures in parentheses are t-values. Those in brackets are the elasticities of the variables at their means.
Q15 gross output. D 1s total demand (ahsorption). IS stands for government issues (concessional sales)
and PR, for procurement. IM ts total imports
ADU s total foreign aid utilized DEF 1s the foodgrain deficit for issues, and DEFM is the foodgrain deficit
forimports IRW 1s the ratio of irrigated wheat areato total wheat area. PBG21 is the ratio of the price index of
the major substitutes for wheat in production to the wholesale price index, lagged one year, and PCS is the
ratio of the price index of the major substitutes for wheat in consumption to the wholesale price index.
PILL 2 1s the deflated price of issues; PMM 1s the deflated price of imports. PP2 is the ratio of the procurement
price to the wholesale price index for all commodities. and PW2 is the ratio of the open market wholesale
price to the wholesale price index for all commaodities. PAW21 is PW2 lagged | year. Qs gross output. Q1 isQ
lagged one vear WAP is the weighted average of the market wholesale and concessional issue prices of

wheat. X 1s aggregate real consumption expenditures

¢ This coefficient 1s significant at the | percent level
® This coefficient 15 significant at the 5 percent level

¢ This coefficient 1s sigruficant at the 10 percent level,
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Table 37— Wheat model: programming projections with exports allowed, minimum

opening stocks one fourth of issnes, and grain deficit linked with issues,

1979-92
Index of
the Deflated Present
Procure: Closing Opening  Market Price  Value of
Scenario/ Output ment Issues Imports  Stock Stock (1960/61~10G. Cost
Year Q {PR) (1S) (IM} {SC) {SO) {PW2} (PVC)
{1.000 metric tons) (Rs billion)

Basic 30.71
1979 32,040 7.080 7.875 -5,234 4458 10,488 88.1

1980 32,701 7.219 8.191 -703 2,804 4.458 89.2

1981 33.516 7.377 8.252 126 2,056 2,804 92.0

1982 34,631 7,632 8,222 599 2,064 2,056 94.2

1983 35.889 7.978 8,257 298 2,083 2.064 95.3

1984 37.115 8313 8.331 57 2,122 2,083 96.3

1985 38.343 8.672 8,486 -144 2,163 2,122 96.9

1986 39,483 8,981 8,651 271 2,221 2,163 98.0

1987 40.652 9.321 8,883 366 2,294 2.221 98.5

1988 41.751 9.641 9,176 382 2,376 2.294 99.1

1989 42.827 9.952 9,506 372 2,451 2,376 99.7

1990 43.888 10.236 9.806 -358 2,524 2,451 100.8

1991 45.00% 10,537 10.098 366 2,598 2,524 101.8

1992 36.136 10.850 10,392 457 2,598 2,598 103.0

Average 38.857 8.84 8.866 541 2,487 3,050 96.6
Drought 35.59
1979 32.040 7.080 7.875 2,580 7.113 10.488 88.1

1980° 30.803 6.487 8.830 0 4.769 7.113 93.0

1981* 31717 6.633 8,772 151 2,781 4.769 96.3

1982 33016 7.340 8,441 887 2.567 2,781 95.8

1983 35.392 7.885 8.426 1.250 3,277 2,567 95.3

1984 35.013 7.566 9,274 1,064 2,632 3.277 98.5

1985 36,208 7.846 9,260 1,042 2.260 2,632 100.8

1986 38.470 8,396 9.034 459 2.276 2,260 g0.7

1987 40.151 9.142 9,105 20l 2,525 2,276 99.1

1986* 39.57 8.847 10,100 1.264 2,537 2,525 101.8

1989* 40.707 9.084 10,148 1,008 2.481 2,537 104.6

1990 43.015 9.826 9.926 126 2,507 2481 104.0

1991 44.794 10.403 10.029 306 2,575 2,507 103.5

1992 46.207 10.843 10,300 542 2,575 2,575 103.5

Average 37.729 8.398 9,252 288 3.063 3,628 98.8
Drought and

exchange

shortage 37.60
1979 32,040 7.080 7.875 940 8,753 10,488 88.1

1980¢ 30.803 6,487 8.830 246 6.163 8.753 93.0

1981* 31.717 6.633 8,772 211 3.812 6.163 96.3

1982 33.916 7.340 B.441 681 3.393 3.812 95.8

1983 35.3592 7.885 8.426 1.013 3.865 3.393 95.3

1984* 35.013 7.566 9.274 791 2.947 3,865 98.5

1985* 36,208 7.846 9,260 727 2,750 2,947 100.8

1986 38.470 8.396 9.039 459 . 2,260 99.7

1987 40131 9.142 9,107 383 2.698 2,276 99.1

14988° 39.574 8.847 10.100 1.091 2,537 2,698 101.8

1989* 40.707 9,084 10,118 1.008 2481 2,537 104.6

1990 43.015 9.826 9.926 125 2,507 2.481 104.0

1991 44794 10.403 10.026 306 2,575 2,507 103.5

1952 46,207 10.843 10,300 542 2,575 2,575 103.5

Average 37729 8.398 9.252 288 3.489 4,054 98.8

* It 15 assumed that a drought occurs in this year
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Table 38— Wheat model: summary of projections with alternative issue equations,
1979-92 averages

Index of the
Deflated Presert

Opening Procure- Closing  Market Price  Value of
Scenario/ Output Stock ment Imports Issues Stock {1960/61=100) Cost
Projection Q) (SO) {PR} {IM}  {IS) (SC} (PW2) {PVC}
(1.000 metric tons) {Rs billion)

Basic
Exports allowed, mini-
mum SO one fourth
of IS 38.896 2981 8,883 752 8,697 2414 96.” 29.2
Exports allowed. mini-
mum SO one fourth
of IS. and deficit-

related IS 38,857 3.050 8.6844 541 8866 2,487 96.0 30.71
Difference (percent) 01 23 ~-04 28.1 1.94 3.0 -0.1 5.2
Drought

Exports allowed, mini-

mum 50 one fourth

of IS 37,852 3,352 8.464 -13 9015 2,785 99.1 32.7
Exports allowed. mini-

mum 20 one fourli

of 1S, and deficit-

related 1S 37.729 3.628 8,398 288 9252 3,053 98.8 35.6
Difference (percent) 03 8.2 -08 o 2.6 10.0 -03 89

Drought and exchange shortage

Exports allowed, mini-

mum SO one fourth

of 15 37.852 3.871 8.464 15 9015 3,303 99.1 35.2
Exports allowed, mini-

mum SO one fourth

of IS, and deficit-

relatec 1S 37.729 4,054 8.398 288 3,252 3.189 98.8 376
[fference (percent) 03 47 08 .. 26 5.6 -03 6.8
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Table 39— Wh:at mode!: projections of tota! annual absorption and concessional
issus of wheat per capita, with grain deficit linked to issues, 1979-92

Absorption Issues
Drought and Drought and
Drought and Ex- Drought and Ex-
Basic change Shortage Basic change Shortage
Year Scenario Scenarios Scenario Scenarios
(kilogramr?
1979 24 4424 12.03 12.03
1980 4435 4394 1223 13.19
1981 44 30 43 84 12.05 12.81
1982 44 50 414 11.74 12.05
1983 4143 4443 11.53 11.76
1984 4455 34 11.37 12.66
1983 4173 44.36 11.32 12.36
1986 85 41.69 11.29 11.79
1987 43.02 4497 1133 11.61
1988 4519 4394 11.44 12.60
1989 45 36 41.93 11.59 12.37
1999 45,48 45.19 11.69 11.83
1991 435 60 4546 11.77 11.69
1992 4571 4567 i1.84 11.74
Average 3387 44,65 11.66 12.18
Ratin of average issues to absorption (percent) 25.99 27.28

7



BIBLIOGRAPHY

Abreu. D. "Annual Population Projections 1971-1985 Consistent with the 1971 and 1981
Census Data.” Washington, D.C., 1981. (Mimeographed.)

Administrative Staff College of India. All India Grain Storage and Distribution: Main Report.
Hyderabad: Administrative Staff College of India, October 1976,

Ahluwalia, 1. J. Behavior of Prices and Outputs in India. Delhi: Macmillan and Co., 1979.

Bardhan. Pranab K. and Bardhan, Kalpana. “Price ® sponse of Marketed Surplus of Food-
grains.” Ovford Economic Papers 50 (No. 2, 19563).

Barnum, Howard. "Simulation of the Market for Foodgrains in India.” American Journal of
Agncultural Economics 53 (May 1971) 269-274.

Bhagwati. U, N. and Chakravarty, S. /ndian Fconomic Analysis— 4 Survey Bombay: Lalvani Pub-
lishing House. 1971.

Bhattacharya. N. and Maitra, T. " An Analysis of Engel Curves Based on NSS Household Budget
Data for 7th to 22nd Rounds.” Presented to the 10th Indian Econometric Conference,
Madurai. 1962. (Mimeographed.)

Birla. S.Regional Demand Analysis of Major Foodgrains in india.” Ph.D. thesis, University of
itlinois. 1970.

Blandford. David and von Plocki. Joachim A. “Evaluating the Disincentive Effect of PL 480
Food Aid: The Indian Case Reconsidered.” Cornell International Agriculture Mimeo-
graph 55. Department of Agricultural Economics, Cornell University, Ithaca, N.Y.,
July 1977,

Blitzer, Charles R.; Clark, Peter B.; and Taylor, Lance; eds. Economy- \Vide Models and Develop-
ment Planning London: Oxford University Press, 1975.

Centre for Monitoring the Indian Economy. Basic Statistics Relating to the Indian Economy.
Bombay: CMIE, 1980.

Chopra. R. N. Evolution of Focd Policy in India. Delhi: Macmillan and Co., 1981.

Cochrane, Willard W. “Some Nonconformist Thoughts on Welfare Economics and Commodity
Stabilization Policr. ' American Journal o/ Agricultural Economics 62 (August 1980): 508-
511

Cummings. John Thomas. " The Supply Responsiveress of Indian Farmers in the Post- Inde-
pendence Period: Majoi Cereal and Cash Crops " Indian Journal of Agricultural Economics
30 {No. 1, 1975). 25-40.

Currie, J. M.; Murphy, J. A and Schinitz, A. " The Concept of Econom: ¢ Surplus and Its Use in
Economic Analysis.”” Economic Journal 81 {(Decentber 1971): 749-799.

Fertiliser Association of India. Fertiliser Statistics. various issues, New Delhi: FAI various years.
Food Corporation of India. New Delhi. Correspondence.
Garg, V. K. State in Foodgran Irade 1n India New Delhi: Vision Books, 1980.

Gupt,. Arvind, Public Iistnbution of Foodgrains in india Ahmedabad: Indian Institute of Man-
agement, 1977

Hall, Lana L. “Evaluating the Effects of PL480 Imports in Brazil's Grain Sector.” American
Joumnal of Agricultural Fconomics 62 (Febhruary 1980): 19-28.



Hayami, Yujiro and Subbarao, K. “Does Price Distortion Necessarily Reduce Social Welfare?
The Case of Producer Levy in India.” Institute of Economic Growth, Delhi, March
1981. (Mimeographed.)

Huddleston, Barbara. "Food Aid Tables.” International Food Policy Research Institute,
Washington, D.C., 1981. (Mimeographed.)

India. Econemic Survey. various issues. New Delhi: Controller of Publications, various years,

India. Central Statistical Organisation. National Accounts Statistics, various issues. New Delhi:
Controller of Publications, various years.

India, Ministry of Agriculture, Directorate of Economics and Statistics. Bulletin on Food Statis-
tics. various issues. New Delhi: Controller of Publications, various years.

India. Ministry of Finance. Budget 198283 Finance Minister's Speech (Part A). New Dethi: Con-
troller of Publications, February 1982.

International Bank for Reconstruction and Development. Economic Situation and Prospects of
India Washington,D.C.: IBRD, April 1982.

Jha. Dayanatha. “Fentiliser Use and [ts Determinants: A Review with Special Reference to
Semi-Arid Tropical india.” International Crops Research Institute for the Semi- Arid
Tropics. Patancheru, June 1980. (Mimeographed.)

Kaul. J. L. and Sidhu, ). S. "Acreage Response to Prices for Major Crops in Punjab—An
Econometric Study.” Indian Journal of Agricultural Economics 26 (October-December
1971): 427-434.

Krishna. Raj. " Farm Supply Response in India- Pakistan: A Case Study of the Punjab Region.”
Economir Journal 73 (September 1963): 477-487.

. India’s Sticky Economy Ahmedabad: Vikram A. Sarabhai Ama Memorial Trust, 1981.

. " The Marketable Surplus Function for a Subsistence Crop.” Economic Weekly, February
1965,

. “Rice Zone Policy: A Minute of Dissent.” In India, Agricultural Prices Commission.
Report on the Price Policy for Khanf Cereals for 1965-66 Season. Delhi: Manager of Publica-
tions, 1965.

Krishna, Raj and Raychaudhuri, G. S. Some Aspects of Wheat and Rice Price Policy in India. World
Bank Staff Working Paper No. 381. Washington, ).C..; International Bank for Recon-
struction and Development, 1980.

... "Some Aspects of Wheat Price Policy in India.” Indian Economic Review 14 (October
1979).

Krishnaji. N. " Wheat Price Movements.” Economic and Political Weekly, June30, 1973, pp. A-42-
A-33.

Krishnan. T. N. " The Role of Agriculture in Economic Development.” Ph. D. thesis, Massachusetts
Institute of Technology, 1964.

Mann, Jitendar S, The Impact of Public L.aw 480 Impons on Prices and Domestic Supply of
Cereals in India.” Amencan Joumal of Agricultural Economics 49 (February 1967): 131-146.

Mellor. John and Dar. A. K. “Determinants and Development Implications of Foodgrains

Prices in India. 1949-1964 " American Journal of Agricultural F.conomics 50 {November
1968): 962-974.

73



National Council of Applied Economic Research. Projections of Demand and Supply of Agricultural
Commodities. New Delhi: NCAER, 1970.

Pandey, R. K. “The Analysis of Demand for Foodgrains.” Indian Journal of Agricultural E conomics
28 (No. 2, 1973): 49-55.

Raj, K. N. “Price Behaviour in India, 1949-66: An Exploratory Hypothesis." Indian Economic
Review | (New Series) (October 1966): 56-78.

Reserve Bank of India. Report on Currency and Finance, various issues, Bombay: Reserve Bank
of India, various years.

Rogers, Keith D ; Srivastava, UmaK.; and Heady. Earl O. "Modified Price, Production, and In-
come Impacts of Food Aid Under Market Differentiated Distribution.” Ame*ican Joumnal
of Agricultural Economics 54 (May 1972): 201-208.

Sanderson, Fred H. and Roy, Shyamal. Food Trends and Prospects in India. Washington, D.C.:
Brookings Institution, 1979,

Sarma, J. S.; Roy, Shyamal; and George, P. S. Two Analyses of Indian Foodgrain Production and
Consumption Data. Research Report 12. Washington, D.C.: International Food Policy
Research Institute, 1979,

Scandizzo, Pasquale L. and Bruce, Colin. Methodologies for Measuring Agricultural Price Inter-
vention Effects. World Bank Staff Working Paper No. 394. Washington, D.C.: Inter-
national Bank for Reconstruction and Development, June 1980.

Scandizzo, Pasquale and Knudsen, Odin K. “The Evaluation of the Benefits of Basic Needs
Policies.” American Journal of Agricultural Economics 62 (February 1980): 46-57.

Scobie, Grant M. and Valdeés, Alberto. “Food Imports, Government Policy and the Balance of
Payments— The Case of Wheat in Egypt.” International Food Policy Research Institute,
Washington, D.C., June 1981. (Mimeographed.)

Sidhu, D. S. Price Policy for Wheat in India. New Delhi: S. Chand and Co., 1979.

Subbarao, K. "Farm Prices: A Survey of the Debate.” Institute of Economic Growth, Delhi, Sep-
tember 1981. (Mimeographed.)

Sud, L. and Kahlon. A. S."Estitnation of Acreage Response to Price of Selected Crops in Punjab
State.” Indian Joumal of Agricultural Economics 24 (No. 3, 1962).

Sukhatme, P. V. Nutrition and Poverty Ninth Lal Bahadur Shastri Memorial Lecture. New Delhi:
Indian Agricultural Research Institute, 1977.

Thamarajakshi, R. “Determinants of Wheat Prices." Agricultural Situation in India 14 (May 1970);
120-136.

U.N. Economic and Social Commission for Asia and the Pacific. Statistical Year Book for Asia and
the Pacific Bangkok: ESCAP, 1978.

Wall, John. "Foodgrain Management: Pricing, Procurement, Distribution, Import and Storage
Policy.” In India: Occasional Papers. World Bank Staff Working Paper No. 279. Washing-
ton, D.C.: International Bank for Reconstruction and Development, May 1978.

World Bank. "Biennial Review of Commodity Price Forecasts.” Washington, D.C., May 1982.
{Mimeographed.)

. World Development Report 1981. Washington, D.C.: International Bank for Reconstruc-
tion and Development, 1981,

74



Raj Krishna 1s a professor of eco-
nomics at the University of Delhi
and visiting professor at the Food
Research Institute of Stanford Uni-
versity  Ajay Chhibberis a predoc-
toral research associate at the Food
Research Institute, Stanford

b»

ﬂ

INTERNATIONAL FOOD
POLICY RESEARCH INSTITUTE

Board of Trustees

Samar R. Sen
Chairman, India

Ralph Kirby Davidson
Vice Chairman, U.S.A.

Eliseu Roberto de Andra de Alves

Brazil

Nicolas Ardito Barletta
Panama

Norman E. Borlaug
U.S.A

Mohamed El-Khash
Syria

Lowell S. Hardin
US.A

Ivan L. Head
Canada

Nurul Islam
Bangladesh

Anne de Lattre
France

Philip Ndegwa
Kenya

Saburo Okita
Japan

T. Ajibola Taylor
Nigeria

Snoh Unakul
Thailand

Dick de Zeeuw
Netherlands

John w. Mellor, Director
Ex Officio, U.S.A.




o N

~N o

o

- O

15
16
17
18
19

N

~
=
£~

2

22
23
2

+

[
-t

—

3

~

B3]
M

3

v

3

>

3

~

IFPRI RESEARCH REPORTS
MEETING FOOD NEEDS IN THE DEVELOPING WORLD LOCATION AND MAGNITUDE OF THE TASK IN THE NEXT DEC,
February 1976 -
RECENT AND PROSPECTIVE DEVELOPMENTS IN FOOD CONSI"*PTION SOME POLICY ISSUES. July 1977
FOODNFEDS OFDEVELOPING COUNTRIES PROJECTIONS OF PRODU “TION AND CONSUMPTION T0 1990 December |
FOOD SECURITY AN INSURANCE APPROACH. September 1978, by Panus Konandreas, Barbara Huddieston, and Virabongsa
Ramangkura
IMPACT OF SUBSIDIZED RICE ON FOOD CONSUMPTION AND NUTRITION IN AFRALA. Januany, 1979, by Shubh K. Kumar
INTERSECTORAI FACTOR MOBIITY AND AGRICUITURAL GROWIN Febriary 1979, by Yair Mundlak
PUBLIC DISTRIBUTION OF FOODGRAINS IN KERALA —INCOME DISTRIBUTION IMPLICATIONS AND EFFECTIVENESS
March 1979 by P S George
FOODGRAIN SUPPLY DISIRIBUTION AND CONSUMPHON POLICIES WITHIN A DUAL PRICING MECHANISM A CASF
STUDY OF BANGLADESH. May 1979, by Rasaddin Ahmed
BRAZILS MINIMUM PRICE POLICY AND THE AGRICUITURAL SFCTOR OF NORTHFAST BRAZIL June 1979, by Roger Fox
INVESTMENT AND INPUT REQUIRFMENTS FOR ACCELERATING FOOD PRODUCTION IN [OW-INCOMF COUNIRIFS BY
1990. September 1979, by Peter Oram, fuan Zapdta, George Alibaruho, and Shyamal Roy
RAPID FOOD PRODUCTION GROWITH IN SEIFCTFD DEVELOPING COUNIRIES A COMPARATIVE ANALYSIS OF
UNDERLYING TRENDS 1961-76. October 1979, by Kenneth L. Bachman and Leonardo A Paulino
TWOANALYSES OF INDIAN FOODGRAIN PRODUCTION AND CONSUMPTION DATA November 1979, by 1 S Sarma and
Shvamal Rov and by P 8 George
THE IMPACT OF PUBLIC FOODGRAIN DISIRIBUTION ON FOOD CONSUMPCHION AND WELFARF IN SRIANKA. December
1979 by James D Gavan and Indrans Srs Chandrasekera
DEVELOPED-COUNTRY AGRICULIURAL POLICIES AND DFVELOPING-COUNIRY SUPPLIES THE CASF OF WHEAT, March
£980. by Timathy Joshing
FOOD PRODUCTION IN THF PEOPLE S REPUBLIC OF ¢11INA May 1980, by Anthony M Tang and Bruce Stone
A RFUIEW OF ( HINESE MGRICULTURM STANSTICS 1949-79 July 1980, by Bruce Stone
AGRICULTURAL RESFARCH POLICY IN NIGERIA August 1980, by Francis Sulemanu [dachaba
THE FCONOMICS OF THE INTERNATIONAL STOCKHOLDING OF WHEAT September 1980, by Daniel T Mormow
ACOMPARATIVE STUDY OF FAOANDUSDADATA ON PRODUCTION. ARFA AND TRADF OF MAJOR FOOD STAPLES. October
1980, v Leonardo 34 Paulino and Shen Sheny Tseng
IMPACT OF IRRIGATION AND LABOR AVALLABIIY ONMULIIPLE CROPPING 3 CASESTUDY OF INDIA. November 1980, by
Dharm Narain and Shy amal Roy
AGRICULTIRAL PROTFCTION IN OFC] CGUNTRIES [IS COST T0 LESS-DFVEIOPED COUNIRIFS December 1980, by
Alberto Valdés and foachun 2612
FSTIMATES OF SOVIET GRAIN IMPORTS 1N 1980-85 AITERNATIVE APPROACHES February 1981, by Padma Desai
GOVERNMENT FXPENDITURES ON AGRICULITRE IN LAHN AMERICA May 1981, by Victor J Elias
THE FFFECIS OF EXCHANGE RATES AND COMMERCIU POLICY ON AGRICULTURALINCENTIVES IN COLOMBIA 1953-1978
June 1981, by Jorge Garcia Garcia
INSTABILITY IN INDIAN AGRIC ULTURE IN THE CONTEXT OF THE NEW TECHNOLOGY July 1981, by Shakuntla Mehra
FOOD SECURITY IN THE SAHFL VARMBIE IMPORI LEVY GRAIN RESERVES, AND FORFIGN FXCHANGE ASS!STANCE.
September 1981, by John McIntire
AGRICULTUVRAL PRICE POLICIES UNDER COMPLEX SOCIOECONOMIC AND MATURAL CONSIRAINTS THF CASE OF BANGLA-
DESH October 1981, by Rasuddin Ahmed
GROWTH AND EQUITY POLICIES AND IMPLEMENTATION IN INDIAN AGRICULTURF. November 1981, by ) S Sarma
GOVERNMENT PUICY AND FOOD IMPORIS THE CASF OF WHFAT IN EGYPT December 1981, hy Grant M Scohie
INSTABILITY IN IND!IAN FOODGRAIN PRODUCTION May 1982, by Peter B R Hazel)
SUSTAINING RAPID GROWTH IN INIV 4 5 FERTIIZER CONSUMPTIION A PERSPECTIVE BASED ON COMPOSITION OF USE.
August 1982, by Gunvant M Desq
FOOD CONSUMPTION PARAMETE XS FOR 3RAZIL AND THEIR APPLICATION T0O FOOD POLICY September 1982, hy Cheryl
Wilhamson Gray
AGRICULTURAL GROWTH AND INDUSRIAL PERFORMANCE [N INDIA October 1982, by € Rangarajan
EGYPT'S FONOD SUBSIDY AND RATIOVING SYSTEM A DFSCRIPTION October 1982, » Harold Alderman, Joachim von
Braun. and Salr Ahmed Sakr
POLICY GPTIONS FOR THE GRAIN ECONOMY OF THE FUROPFAN COMMUNITY In'PLICATIONS FOR DEVELOPING
COUNTRIFS Nosember 1982 by Ulnich Koester
AGRICULTURE AND ECONOMIC GROWTH IN AN OPEN ECONOMY THE CASE OF ARGENTINA. December 1982, by
Domingo Cavatlo and Yarr Mundiak
SERVICE PROVISION AND RURAL DEVELOPMENTIN INDIS A STUDY OF MIRYALGUDA TALUKA. February 1983, by Sudhir
Wanmah

Internationdal Food Policy Resedarch Institute
L7776 Mdassachusetts Avenue, N AW

\

ashington. [ € 20036 1 SA



http:VEIOPME.VN
http:STIPI.FS
http:MAI.'.AI

