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FOREWORD
 

Many developing countries are under 
strong political and humanitarian pressure 
to keep food prices--at least those faced by
low- income consumers- low. At the same 
time pressure to 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 consumer 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 corn-
munirv are under study. The ways new tech-
nology affects fluctuations in food avail-
ability have been studied intensively, -s 
have a wide range of crop and food supply
insurance schemes. Several IFPRI studies 
have examined a w'ide range of price effects 
on food availability. 

This report by Raj Krishna and Ajay 
Chhibber applies economic modeling to 
increase the efficiefncy, of policies in such 
diverse but interrelated areas in the 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 brings to this study his long exper-
ie.oce with and well-developed convictions 
about food policy. fie is the author of an 
earlv study of the response of farmers in 
developing countries to 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 background 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 India 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 carryover
food stocks while meeting consumption 
stabilization objectives. Current extraor­
dinarily high real interest rates and the 
generally high costs of holding stocks make 
such economies urgent. The savings shown 
by 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 
begun. Researchers will benefit immeasur­
ably from the clear statement of the problem 
of operating a public distribution system, 
the display of the authors' assumptions for 
their model, and the careful development of 
a relevant model. 

John W. Mellor 

Wash.Ldgton, D.C. 
May 1983 
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1 
SUMMARY 

In mary 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 
concessiornal system is a necessity where 
mass poveity exists; it makes it possible to 
provide a minimum food supply to the poor. 
In operating this system the policymakers 
face the problem of ensuring this supply at 
the least possible cost to the Zovernment. 

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 1960s. 
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 quarter of 
total grain output and over half of the gov-
emiment'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. Tbis has raised the 
annual loss on the government's wheat oper-
ation to more than Rs 4 billion. 

The model presented here approximates 
the present Indian wheat system. It has 
equations for supply, demand, imports, and 
government purchases and sales estimated 
with data for 1961-78. It shows that the system 
is highly sensitive to changes in prices. In 
fact. the supply 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 faster than per cipita 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 model was used to make projections 
of output, procurement, concessional sales, 
imports, stocks, and the open market price 
of wheat for 14 years, 1979-92. 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 
normal 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 impac 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 rational!y 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. Inordertoexaminewhetherthiscost 
can be reduced while consumption grows, 

Previou11s Page Blank
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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 tiree 
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 pet cent larger than in the estimation 
period, 

This growth of consumption has two 
evident causes. Firsc, 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 Rs 83 billion 
in the programming projections when ex-
ports are not permitted. It falls to Rs43 billion 
when exports are allowed and minimum 
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 
"ofthe 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
gramthatwouldreduceruralunemployment, 
or for the supplemental nutrition program. 

Two conditions are crucial to the success 
of the operating rules suggested by th sim­

o t erstis that the ino 
ulations. The first is that the proportion of 
wheat area that is ireigated 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 current 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. Aby­
product of simulations 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 
to import over the next decade only between 
a half 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. 

10 



2 
INTRODUCTION 

Deliberate segmentation of the grain India were negligible in the 1970s, measuring 
market by the government into concessional their effects is no longer important. Measur­
and commercial markets is an itiportant ing the welfare cost of the two-market 
feature of food policy in developing coun- regime by the net loss of the sum of producer 
tries. Typically, the government purchases a and consumer surpluses in comparison with 
part of the domestic marketed surplus of a hypothetical equilibrium regime is also 
grain, monopolizes imports, and channels unsatisfactory as a guide to policy. The 
the resulting supply to the low-income, identification of welfare with the sum of 
ration-card-carrying population at a subsi- areas under demand and supply curves has 
dized price. Researchers have modeled dual- numerous theoretical difficulties, which 
market regimes of this kind in order to researchers recognize but cannot overcome 
answer a variety of questions. Scandizzo in their empirical work.4 Moreover, the 
dnd Kn. _n and Hayami and Subbarao surplus approach merely generates negative 
derived theoretical expressions for the net judgments about all interventions, without 
social gain from a regime with two different addressing the many concerns of policy­
demand curves. IHayami and Subbarao also makers or devising second- best policies.5 If 
measured this gain with the known supply income cannot be redistributed directly and 
and demand elasticities for Irdia. Scandizzo if the low-income population of a poor 
and Knudsen did the same for Bangladesh, country would suffer unacceptable cuts in 
Sri Lanka, Indonesia, and Morocco. World food consumption at market- clearing prices, 
Bank researchers computed the social costs a concessional (subsidized) food supply 
and welfare effects of farm price policies in system becomes a necessity. One of the 
Argentina, Egypt, Kenya, Pakistan, Portugal, main tasks of an analysis, then, is to identify 
Thailand, and Yugoslavia, several of which the policy mix with which the government 
have dualistic food regimes. 2 Other re- can make the necessary minimum supply 
searchers quantified the effects of PL480 available to low-income consumers at the 
food aid, which is usually channeled into a lowest possible budgetary cost. 
.oncessional market, on output, prices, and In order to address this optimization 

food availability, with parameters derived problem, this report presents an estimated 
from their own estimated models. 3 simultaneous-equation model of the wheat 

Since concessional grain imports into sector in India. (Earlier models are reviewed 

Pasquale Sdandwi ind Odin K Knudsen. The Esaluarion of the Benefits of Basic Needs Policies," American
 
Jotirnalof.i.grcIturalFronomir.;62Fehruatn1980) 46-57: and Yuliro flayami and K Subbarao, "Does PriceDistor­
tion Necessaril- Reduce Social Welfare The Case of Producer ievyn India." Institute of Economic Growth, Delhi.
 
March 1981 i\imeograph.d
 
2 Pasquale Sf .ir, (ohn Bruce. Vferhodologwps for ,,easunng Agnrulturl Price Intervention Effects. world Bank
jianld 


Staff W,-king P-pr No 3941Washington. C International Bank for Reconstruction and Development, June 1980). 

1 For Bra/il. Coormtnid. ant Pfri. Lana . Hall 'I-%aluatingthe Effects of P1.480 Imports in Brazil's Grain Sector," 
Ampnnri Iurm.1ofi.4grultraIifcorinomics62 (February 1980) 19-28: for Egipt, Grant M. Scobie and Alherto Valds. 
SFoed ImpJrts. ei(,enment Prlihr and the Balance of Panments-The Caseof Wheat in Egypt," International Food 
Prlic', Research Institute. ,aishington. F) C . June 1981 fmimeographed). and for Indiia. David B!andford and 
lmachim A 'on Ploki F.aluating the Disincentise Effect of PL480 Food Aid: Th, Indian Case Reconsidered." 
orele Iirterratioral ,gr'ciulture Iinieograph 35).Departmen: of Agricultural Economics, Cornell University. Ithaca, 

N 'r J,l 1977 

Scandizo and Bruce.. Methodologies for Mea-suring Price Lffects I M. Currie, J.A. Murphy, and A. Schmitz, "The 
Conc-pt of Economic Surplus and Its Use :n Economic Analysis." .ronomi.loumal81 (December 1971): 749-799; 
and Willard W Cochrane, 'Some Nonconformist Thoughts on Welfare Economics and Commodity Stabilization 
Pohh,. Atmerican Journal ofAgRnculuraI Economics 62 (August 19801 508-511. 

Cochrane,' "Some Nonconformist Thoughts­
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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 "normal" years, "drought" 
years, and years of drought and foreign
exchange shortage. They show that the loss 
canbereducedtoafractionofwhatitisnow 
with more rational policies, while conces­
sional consumption and inventories remain 
at satisfactory levels. 

4 The trtal financial loss to the government from operations with all foodgrains was approximately Rs 7 billion in the 
single fiscal ear 1981 82 Ilndi a. Ministrv of Finance Budget 1982/,81 FinancetMinster's SpeechfParrl /[New Delhi: 
Controller of Pubhcations. February 19821. p 12t This amount alone accounts for about 41 percent of the total 
hudgetar deficit of the central government 
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3 
THE BACKGROUND OF GOVERNMENT POLICY
 
AND OPERATIONS 

Atwo-marketfoodgrainregimehasexisted 
in India since World War II, 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.7 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 piis 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 figures 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.9 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 II percent of availability (Appendix 2, 
Table 15). 10 Thus the government has been 
handling only about a tenth of the total 
supply in recentyears. But in the exceptional 
drought years of the mid-1960s it handled 
14 percent. 

1he Importance of Wheat 

The dominance of wheat in the growth 

of grain production is evidenced by the 
increase in wheat production from amere 
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 between 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 3 9 to 5.5 per­

irihn m',arl Pricing. Procurement. Distribution. Import and Storage Policy." in India?iodgrain Management 
Ora5onalPaper World Rank Staff Working Paper No 279 Washington. DC International Batik for Reconstnuction 
and b'.elopment %la. j78). V K Garg, SrateinFoodgrainTrade n India (New Delhi: VisionBooks, 1980); Rai lKrishna 
and (, 5 Ra chaudhiiri Some .1porte of Wheat and Ricp PriePohtc in India. World Bank Staff Working Paper No. 381 
Y.,ashi ngtor, [ r International Bank for Reconstruction and Development. 1980). and R N Chopra. Evolution 

of FI" d Pohwlirn India Ma and 1981)i r)eAhi millan Co 

4 alab5lt. sippl'. ard absorption areiseri snonrnmosl, in this report Net output is giossoutput minus a 

12 -) perrcent allowance for seed, feed and Aastage 

Throughout this report tons are metrir tons 

'0 The pubhc distribution sstern is the government's concessional sales network. "PDS supplies,- "concessional 

salesi ' and 'isues are svnon mous 
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cent.' I 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 revolution." 

While the share of wheat in the total grain 
supply increased from I I to 27 percent, its 
share in the public-sector supply rose from 
43 to60 percent between the early 195Os 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 impoance of 
modeling and rationalizing Indian wheat 
policy cannot be overemphasized. 

Sources of Supply 

The relative contr.butions of three sources 
of supply- procurement, iirtorts, and de-
pletion of inventories- to the concessional 
sales of wheat are brought out in Appendix 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 ,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-
mertcial, 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 imports 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 p-rcent, evidently becuse of the availabil­
ity of concessional imports. The procurement 
ratio became significant only in 1967/68 
after a record harvest that year and after the 
big 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 to 21 percent. Punjab anti Haryana farmers 
soid between one-half and one-third of 
their wheat crop to the government.12 In the 
1974 marketing season the government in­
troduced th "socialization" of the wheat 
trade, which me.m.,Zhat market arrivals were 
purchased solely by state agencies. The PQR 
remained high iii that ye,r (18 percent) but 
lower than the peak (21 tiercent) 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 
in the preceding year); yet the PQR suddenly 
sank to 9 percent. There are two reasons for 
tnis decrease: output declined by about 3 
million tons and a 50 percent compulsory 
levy was imposed on traders (in place of 
monopoly purchase). Sip cethe market price 
far exceeded the procurement price, and 
was expected to rise still 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 evaded. 
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. 

Tw,.n striking facts are brought out by this 
brief account of the evolution of wheat pro­
curement. First, the proportion of whe.-" 

International Bank for Reronstructlior and Development. Econormir Situion and Prospects of India IWashington. 
DC IBRD. April 1982t. pp 273-275 
"2Raj Krishna and 6 S Ra chauidhuri 'Some Asperts of Wheat Price PoicN in India." Indian Economyi Review 14 

(October 1979) 

14 

http:government.12


output handled by the government escalated 
from 2 to 20 percent withn 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 
bN the central government and the states to 
obtain grain for the public distribution 
SNstem. outright acquisition of stocks from 
traders: monopoly purchase. under which 
farmers are allowed to sell grain only to the 
government or its agents: a compulsory 
progressive levy on farmers, traders, or 
millers., which requires them to deliver to 
the go%ernment 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.' 3 

As noted above, the states have used 
different srstems for different crops. and 
changed these systems from year to year. 
The kind of system- mix that can exist in any 
yiear 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 
115 percent) on all stocks held and purchases 
made b 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 peicent 
lev after the attempted socialization of 
trade in 1974 14 

But forwheat. the details of variations in 
purchase systems have little significance. 
because Punjab and Hai'yana. 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 in the open market at the prevailing 

price, with the right of preemptive purchase 
exercised by governinent 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 b? 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 isopen- 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.iS 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 pro-tirement p-i ce exceeded the 
full average cost in the majorwheat-producing 
states by a comfortable margin of between 
I and 66 percent (Appendix 2. Table 23). In 

the 1970s. too, the procurement price was 
consistenti, 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 
sustainedgrowthofoutputandprocurement 
is desired, an assurance that the full average 

(.hc r, F;jutnn of Foo4 Pohc (,hapter 26 

Inlid %tirmsr. of \grit u tt Dirr toratie of F.conornics. and Statisi 
c s. Bulletin on Food Statsti s 1976 (New Delhi: 

r.ontroller of P lA i 4 orts 9-61 

I ll,: rtra,.,, rr .rfni stuhos IT# Krishnr, ind Rvc hadhuri Some Asperts of Wheat nd Rice Pohy. D S. Sidhu. Price 

Poh-c for Whea, 7 1t1ii Ne'- Deslhi S (.hdrid (.o. 1979). ,.id K Subbarao, "Farm Prices A Survev of the Debate-

Instinite of .(rtrom ( (,romth rilhi.h SepnEmber l9I81.i,meographed) 
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cost will be covered will continue to be 
necessary. 

Concessional Sales 

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 
malnutrit!on on at least a quarter of the 
population even in normal years, any sig-
nificant increase in the market-clearing 
price of grain due to drought or i-tflation can 
easily 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 oublic distribution 
system has normally served a different and 
more limited purpose, namely, to make a 
part of the grain require!ments of the urban 
population available at a subsidized price. 
The rural areas, wheve 80 percent of the 
population below the poverty 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 'Appendix 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 been many exercises to define 
the vulnerable population at whoun 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 been reviewed by Gupta.16 
it has been proposed that the system cover 
the landless rural households, and urban 
households that do not piy income tax. 
Recommended per capita norms have varied 
between 100 and 180 kilograms per year,
and esti iated 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 in 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, 
oveiall grain supply per capita averaged 163 
kilograms per year (in the range of 146-175 
kilograms, Appendix 2 Table 26). Wheat 
avai!ability averaged 37 kilograms per capita. 
Concessieoal supply on the other hand 
avei aged 17.6 kilograms for foodgrains and 
10.6 kilograms forwheat(Appendix2, 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 marktp) has been essentially deter­
mined by conflicting pressures-the pres­
sures of the financial 3uthorities 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 ,vheat (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 al .r,mn perations for the central 
governmepmt, ind. 'ate that the issue price 
would have to be at least 30 percent greater 
than the procurement price and the import 
price(or P/PP and PI/PM above 1.30) for the 

" Arvind Gupta. Public Dsmbutton of Foodgrains in India (Ahmedabad. Indian Institute of Management, 1977). 
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17 'orporation to break even. But as Appen-
dix2, Table28 shows, during 1961-67, when 
imports dominated issues, the PI/PM ratio 
declined steadily from I.11 to 0.78 (except 
in 1965 and 1966) and the PI/PP ratio fell 
from 1.11 to 0.64. In the later years when 
proci.rement dominated issues, PI/PP re-
covered slowly to 1.05 by 1973 and 1.19 by 
1976 but declined again to 11 I 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 import-S have been a government 

monopoly in . idia through most of the post-
onopeod, n datheoallotn of foeiost waz, period, and the allocation of foreign

e'xclhange received by the country has been 

tighitly regulated. Itwill 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 on imports to reliance on domestic 
supplies has been associated with a complete 
reversal of the relationship between import 
prices and domestic prices. In the years 
1964-7 1. imported wheat war 14-34 percent 
cheaper than domestic whe., and the ratio 
between the import price (PM) and the 
domestic wholesale price (PW) generally 
declined. But since 1972 imported wheat 
has been 8- 52 percent more expensive than 
domestic wheat; and the ratio PM/PW has 
been rising (Appendix 2, Tabe 291. 

Stack Policy 
One of the constant preoccupations of 

numerous government committees reporting 

Man open and hidden subsidies are neglf.-ted. 

Chrpra Evolution of Food Policy pp 232-23S 

on food policy has been to recon' end 
targets for the public sector grain stocks. 
Recommended targets have risen from I 
million tons (in the report,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 been residuals passively de­
terminedbyimpors-constrainedbyforeign 
exchange availability and other things­
and domestic procurement and issues gov­
erned by the domestic supply and price-.'19 

Sometimes the committees simply rational­
ized actual stocks as desirable. For example, 
when the actual amcunt stocked reachod 5­
7 million tons in the early 1970s, that was 
made a norm; and when the inventon rose 
above 17 million tons during 1976-7), the 
12 million ton recommendatior could safely 
be made. The capacity of the governIment toachieve any ex ante target higher t'ian the 
aculhslwybenlmtdadis 
actual has always been limited: and its 

capacity to deal rationally with excessive 
inventory has been no less limite J in recent 
years. 

Zoning 

Apeculiar frature of Indian policy up to 
1977 was the freqient erforcementofrestric­
tions on the movement 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. Sometimes movement between 
groups of contiguous states was restricted 
and movement within each group was free; 
this .-,as 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 

9 For the same reasons the technical distinction between -operational stock" and 'buffer stock" some committee 

reports make is meaningless The separation of stocks and thL.- use according to different rules has never been 
permitted bNthe exigencies of the suppl, situation. Even in recent years, "hen 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 "buffer" has simpy been a nice but empty prefix for the word "stock." 
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much theoretical controversy. 20 But a recent 
analysis han demonstrated empirically that 
interstate price dispersion increased system-
atically with the intensity of movement 
restrictions. For wh-:eat, the large-zone system 
prevailed duriag 1951/52-1954/55 and in 
1967/68. and the single-state zone system in 
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 unrestriczed movement, 14.93 percent in 
the 5 large-zone years, and 19.42 percent in 
the 12 single-state zone years (Appendix 2, 
Table 30). This relationship is faithfully 
captured by an estimated equation in which 
the coefficient of , ,riation of state prices is 
a function of total availability, a production 
concentration index, and a zone-system 
dummy.2' 

The equation provides strong support 
for the view that with movement restrictions 
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 pr'ce dispersion clearly increases 
in spite of the transfer of this "extra" grain 

from surplus to deficit areas, The transfer 
must be less than it wuuld be without zoning, 
otherwise dispersion could not increase. 
Whatever the motive for zoning might have 
been, it did not increase producer and 
consumer ,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 control 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 partially succeeded in a few large 
cities and in Kerala in maintaining minimum 
supplies to low- income consumers in times 
of scarcity. 

"See Rai Krishna, "Rice Zone Policy: A Minute of Dissent." in India. Agricultural Prices Commission, Report on the
Price Pohcy for KhanfCerealsfor 1965.66 Season IDelhi: Manager of Publications. 1965): and Jagdish N. Bhagwati and
S. Chakravartv. Indian Economic Anal'sis-A Survev (BombV: Lalvani Publishing House, 197 1). 
21 Krishna and Raychaudhuri. "Some Aspects of Wheat Price Policy.­
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4 
THE WHEAT MODEL AND 

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= f2 (PW21, PBG21, RAW, IRW, QI), (2) 

where, 

PW21 = the wholesale price of wheat de-
prKrishnaflated by thetheneralwholesale 

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, 

RESULTS 

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

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

QI = lagged wheat output. 

These variables are designed to capture 
the relative-price effect, the weather effect,
the technology effect, and the adjustment 

lag. Ideally, 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
seeds, fertilizer, and equipment. 22 

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 are significant at the I 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 by

and Raychaudhuri for the 1960S.23 

The supporting equations (in Table2) 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, equati(,ns[ II and [21) were estimated 

22 Fred H. Sarderson and ShVamal Roy, Food Trends and Prospects in India (Washington, D.C.: Brookings Institution. 

19791 and Davanatha Jha. "Fertiliser Use and Its Determinants: A Review wi:h Special Reference to Semi-Arid 
Tropical India." International Crops Research Institute for the Semi-Arid Tropics. Patancheru, June 1980. (Mimeo­
graphed. 
21 Krishna and Raychaudhuri, Some Asperts of Wheat and Rice Policy. p. 41. Comparisons of elasticities estimated In 

this paper and in earli.-r studies are not based on statist cal tests because the specifications of equations differ. They 
are made only to see% hether the new er.timates -re 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 I- Wheat model equations, ordinary least squares, 1961 -78 

Depen-
Equa. dent
 
ton Vari-
Number able Constant Independent Variable/Estimated Coefficient R1 D.W. 

2 Q -26.020.50-
(8.18) 

PW21 
5.704.08 A 

(4.48) 
10.58! 

PBG21 
-2,619.6c 

(-1.96) 
1-0.141 

RAW 
1.1,I 

(5.48) 
[0.561 

IRW 
29.42a 
(3.99) 
[0.751 

QI 
0.62 A 

(5.54) 
0.99 ... 

WAP PCS X 
3 D - 10.887.70 a 

(-3.17) 
-111 12 .70b 

(-2.64) 
[-0.46] 

3 .857 .72b 
(2.47) 
10.451 

1.12A 
(19.97) 

11.551 

... O.6 .01 

PILL2 PW2 X 
4 Is 220.74 -13,305.50 a 4.796.984 0.20' ... ... 0.84 2.25 

(0.18) (-5.26) (5.49) (5.12) 
1-1.57] 11.641 [0.961 

5 PR -4.384.7 1a 
Q 

0.31' 
PP2 

4,680.40c 
PW2 

-995.80 ... ... 0.94 1.98 
(3.00) (16.32) 

[2.221 
(1.82) 
11.191 

(0.88) 
1-0.741 

DEFM PMM ADU 
6 IM 3.206.41 0.13 2,685.21 4.54c ... 0.92 2.16 

(1.90) (6.19) 
[0.06 

(-3.25) 
1-0.891 

(5.04) 
11.141 

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 (absorption). 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 iatio of irrigated 
wheat area to total wheat area. PBG2 1 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 ;-ice of impo ts. PP2 is the ratio of the procurement price to the wholesale price index 
for all commodities, and '..'2 the ratio of the open market wholesale price to the wholesale price index for 
all commodities. PW2I is PV,'2lagged one year. QI is Q lagged one year. RAW is the rainfall index forwheat. 
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 I percent level. 
b This coefficient is significant at the 5 percent level. 

cThis coefficient is significant at the 10 percent level. 

with the seme explanatory variables as the eyp(O.31) is less than the estimated ep (0.58). 
output equation, but only the output equation The sum of long-run eAc P and e,pp7{0.71) is 
was used to estimate the reduced form and also less than the long-run e(,P (0.92). But 
projections. the differences are not statistically signifi-

Theoretically, the elasticity of output cant. Responses of area and yield to irri­
(e0 p) with respect ro the deflated price of gation are, however, significantly different, 
wheat should be equal to the sum of the and so are their adjustment !-.2-. 
elasticities of area and yield with respect to Numerous other estimates of the one­
the same price (eAcp and eyrp). (Since output period elasticity of wheat area in different 
Q- AC[area] / YD [yield], ep= eAcP + eyDP.) regions of India arealso available. Elevenof 
The sum of estimated one-period eAc p and 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 	 Vai-

R2 
Number able Constant Independent Variable/Estimated Coefficient D.W. 

PW21 PBG21 RAW IRW ACI 
0.00034' 0.01' 0.68' 0.97I AC 3 8 9b 1.64' 1 .8 8 b 


(-2.76) (3.48) (-2.61) (3.96) (3.01) (5.71)
 
10.191 [-.0.121 10.201 [0.301 

PW21 PBG21 RAW IRW YDI
 
2 YD -436.1 1b 70.91 -64.04 0.04' 1.61' 0.20 0.91
 

(-2.41) (1.021 (C.57) (3.32) (3.46) (1.34)
 
[0.121 [-0.061 10.351 [0.711 

WAP PCS XPC 

3 DPC -69.94' 29.35' 0.85' 2.11' ... 0.95 2.00... 

(6.98) 	 (-3.53) (3.22) (12,16) 
[-0.661 [0.611 [2.951 

WAP PCS YC
 
0.93 1.564 D --I1.03880" -5.656.40 4,014.215 0.79' ... ... 

(2.28( 	 ( 0.98) (1.82) (13.99) 
1-0.231 [0.47) 11.321 

WAP PCS YPC
 

5 DPC --'985h -7.76 7.96c 1.05' 
 ... ... 0.68 1.45 
(2.46) 	 (-0.61) (1.57) (5.76) 

[-0.171 10.51) [1.751 

PILL2 PW2 XPC 
6 ISPC 0.11 -27.07' 9.58' 0.20 ... ... 0.77 2.09 

(0.01) 	 (-4.46) (5.09) (1.25) 
1-1.7021 [1.751 [0.93 

PILL2 URXR PW2 X 
7 IS 7,163.97 -12,144.70' -5,948.69' 4.212.54' 0.16' ... 0.85 2.13 

(1.31) 	 (-4.31) 1.37) (4.44) (3.62) 
[-1431 [-1.041 11.441 10.771 

PILL2 PW2 DEF 
8 IS 4.257.64' -1.469.10 54936 0.16' ... ... 0.52 1.51 

(1.57) 	 ( 048) (0.48) (4.11) 
1 0.171 [0.18) 10.27) 

Q PP2,PW2 
9 PR --6,194.1I1' 0 30 8,985 13' ... ... 0.93 1.87 

(-3.14) (15.16) (1.65) 
[2.191 	 [1.16 

DEFM PMM FE 
10 IM 9.58021' 0 0 9 5 b 3.5 16 SIb 53.78 ... ... 0.52 1.74 

(447) 12.131 ( 2.46 1 0.50) 
0.041 1I 171 I 0.261 

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

AC stands for the area sown with wheat: YD for the yield. D is total demand (absorption). while DPC is 
toral demand (abhorptionl per capita IS stands for government issues (concessional sales) and ISPC, 
goernment issues per capita PR is procurement; INMis total impu. is. 

ACI is AC lagged one ,ear DEF is th" toodgratn deficit for issues, and DEFM is the foodgrain deficit for 
imports. FE is foreign exrhange a,ailable, deflated b,the index of the unit value of imports. IRW is the ratio 
of irrigated wheat area to total wheat area PHG21 is the ratio of the price index of the major substitutes for 
wheat inproduction 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 of 
issues: PMM is the deflated price of imports PP2 is the ratio of the pro( .rement price to the wholesale price 

(continued) 
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Table 2- Continued 

index for all commoditie,, and P;€2 is the ratio of the open market wholesale price to the wholesale price
index for all commodities. PW2I 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. IVAP is the weighted average of the market wholesale and concessional issue prices of wheat. Xis 
aggregate real consumption expenditures, and XPC is Xper capita. YC is national income. YDI is YD lagged 
one year. Finally, YPC i. YP per capita. 

This coefficient is significant at the I percent level. 
b This coefficient is significant it the 5 percent level. 

' This cocificient is significant at the 10 percent level. 

between 0.16 and 0.24.24 Estimates 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= f3(WAP, PCS, X). (3) 
where 

D =	total absorption, defined as the ,um

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 ;roportion of commercial 
absorption in total absorption, and 
the concessional price of wheat,
weighted by the proportion of con-
cessional absorption in total absorp-
tion: the average is deflated by the 
general wholesale price index; 

PCS =the price index of the consumptionsu-sthupriceoindexaof -th cnsmps n 
substitutes for wheat-that is, ce-
reals other than wheat-deflated by
the general wholesale price index; 
and 
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 L!en made: as there are two 
related markets (the commercial market and 
the concessional market), the own price is a 
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 131 and 151).

The estimated absorption equation,
Table I, equation (3), reveals a high aggre­
gate expenditure elasticity of demand for 
wheat(I.55). The t-value of the expenditure
coefficient exceeds 19. The price elasticity
of aggregate absorption is -0.46.The corresponding equation with per
capita absorption and consumption expen­
diture(Table 2,equation [31) turns up different 
expenditure and price elasticities (2.95 and 
-0.66). 

Different elasticity estimates are also 
derived from equations in which income 

24 Krishna and Ray chaudhuri, Some Aspects of Wheat and Rice Polcy p. 35.
 
2 Scandzzo and Bruce. Methodologies forMeasunng Price Effects
 
26Private stock figures are iot available. Private stock acc:etion 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 141). If per capita income is used, the 
income elasticity is 1.75 and the own-price 
elasticity is -0.17 (Table 2, equation [51); 
these are comparable to estimates irom 
anotl-.er 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 ire 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.28 Thus wheat consump-
tion growth was 2.99 tires expenditure 
growth and 1.86 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, National 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, but the consumption of wheat increased 
33 percent in rural and 5 percent in urban 
areas. So the share of wheat in per capita 
cereal consumption increased from 15 to 23 
percent in rural and 33 to 38 percent in 

29  urban areas. 
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 , of 
other cereals has declined. Millet is the sole 
cereal, other than wheat, whose consumption 
grew in the period 1961-74, but only in rural 
areas, 

Concessional Sales 

The concessional sales (issues) function 
is 

IS= f4 (PW2, PILL2, X), (4) 

where 

i = concessional sales (issues).3 

PW2 = the wholesale price ofwheat deflated 
by the general wholesale price in­
dex, and 

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

The specification includes the realopen­
market price as well as the real concessional 
price, because the substitution that det:r­
mines the concessional offtake is the switch­
ing of con,,mers between the two markets, 
depending on differences in price and quality, 
and the length 01 the queues at the conces­
sional (fair price) shops. The scale variable 
in the equation, as in the total aibsorption 
equation, is total real consumption 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 different 
from unity. The elasticities cf concessional 
sales estimated with the per capita variables 
(Table 2, equation [61) 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 

r R K P,,,ide,,. *The Ana, sis of Demand for Fh':ograins," Iredianioumalof..IgncultralEconomics28 (No. 2. 1973): 49-55. 

11 Calculated from data in India. Ministr of Agriculture. Directorate of Economics and Statistics. Bulletin on Food 
Statistics ,anous issues (New Delhi Controller of Publications, vanius ears); and India. Central Statistical Or­
ganisation. National Acrounts Stanstirs various issues (New Delhi: Controller of Puhlications, various Vears). 

J S.Sarma. Shamal Ro . and P . George. lwoAnalvsesoflndan Foodgrain,Produ'tionandConsumptionData. Research 
Report 12 lWashington. D C International Food Policy Research Institute, 1979).
 

I The 'sales" here are not aclud, retail sales, but "issues" to registered concessional retailers ("fair price shops")
 
from the government agencv, the trd 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 distibution of sales 
between rural and urban consumers or be-

However, a distributional variable, the 
ratio of urban consumption exp nditure per
ratitao ura consumption expenditure percapita to rura) consumption expenditure per 
capita (URXR). was tried as an additionalvariable. The coefficient of this variable is 
not significant and its inclusion significantly 
alters neither the price and expenditure
elasticities of concc sional sales nor the 
variance explained (Table I, equation 141 
and Table 2. equation [71).

More data are clearly required to permit
measurementof thesegmentof consumption 
expenditure relevant to concessionil offtake.Equaion(4)he frm f tanardas ~ Equation (4) has the form cf 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 thesupply of all grains-the differer.:e oetween 

sirey ollgrinsumto adi actualavail-
abeiity- could aimpiorant dteantability-could bf-an important determinant 

of the concessional offtake of wheat. There-uppy (DF)fore th grindeicifore, the grain supply deficit (DEF) wa-a.. 

included as an alternative scale variable in 
an experimental issue equation, in addition 
to the two relative price variables, PW2 and 
PI LL2. The deficit (DEF) is defined as target
consumption (the average per capita con-sumption dluring 1961-78 multiplied by the 
pupton of each9yearDF8 multilins nhe 
populat on of each y'ear, DFG*) minus netoutput (SP) plus procurement (PR). In the 
equation with DEF (Table 2. equation 81), 
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 thevariance of concessional 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 [71). 

Procurement 
In the government procurement func-tion,I 

PR - fs (Q PP2, PW2), (5) 

where 

PP2 = the official procurement 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: outputand the ratio of the procurement price to the 
opnmrewhlsepic.Tspie
open-market wholesale price. This price 
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
mn' rcrn gnyments procuring agency.

Variations in output obviously affect 
procurement directly: the larger the output,the larger is the marketed surplus and thequantity the government can procure, But 
qutit the gnenca procure. But 
output also influences procurement in­
directly, via the open-market price. In a bad 
crop year the market price tends to rise andit 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 (orrise less) and an improved ratio of procure­

riesan are rio of procement prices to market prices would inducehigher sales to the government.
 
hgr saethe t t on ment
For multi-equation system, it was 
found convenient to specify the (deflated) 

market wholesale price as separate explana­
martblesale i epate expatory variables (Table I, equation{5]) instead 
of the ratio of the two prices as a single
variable. (The equation with the ratio is inTable 2. equation 191.) The elasticity of pro­
curement with respect to output is found 
to be high (2.2) with a t-value exceeding 16 
(Table I, equation 151). And the elasticity of 
pTab e e nt ith r5s). t the prc ure­
procurementment with respect to the procure­price is also high (I1.19). though the 
t-value of the procurement price, 1.82, is low.The coefficient of the open- market whole­sale 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. 

Importsm o t 

The wheat import equation is 

IM = f6 (PMM, DEFM, ADU), (6) 
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where The explanation for this seems to be that 
the average ratio of the value of wheat 

PMM = the import price of wheat, deflated imports to aid utilized varied between 7 and 
by UVIM, the unit value index of all 37 percent except during the four years 
Indian imports; and 1973-76, when it was high (66 percent; see 

total foreign aid utilized during the Appendix 2, Table 32). Therefore in mostADU = 
year. years the government could finance wheat 

imports mainly with aid. The allocation of 
available foreign exchange among import 

The supply gap, DEFM, shows the amount commodity groups has always been directly 
the government would like to import to meet controlled by the government so that non­
its total grain sale commitments. It is defined wheat imports could be squeezed when 
as the" issue-deficit" (DEF) defined earlier wheat imports required a high proportion of 
minus the sum of the opening stock (SOFG) aid, other foreign exchange, or both. 
and procurement(PRFG) of all foodgrains. The high price elasticity of wheat imports 
Thus DEFM = DEF - SOFG - PRFG. The pro- (-0.89) can also be explained. When heavy 
portion of the deficit that the government concessional imports were necessary (inthe 
actually covers with imports Jepends on late 1950s and early 1960s), the relative 
foreign aid availability and the import price price of imported wheat (PM/UVIM) was 
of wheat, relative to the weighted average low. Since concessional imports were stopped, 
price of all imports. The OLS equation esti- government imports became sensitive to 
rr ated on the basis of this reasoning (equa- prices, except in 1973 and 1974 when heavy 
tion [61j accounts for asignificant proportion commercial imports had to be bought at a 
of the variance of wheat imports (Table 1, high price to make up the shortage created 
equation [6]). The supply gap and the price by two successive droughts (Appendix 2, 
variables have significant coefficients with Tables 29 and 33). The responsiveness of 
the right signs. The gap elasticity turns out imports to prices could be high in recent 
to be 0.06, and the price elasticity, -0.89. years because reliance on imports to meet 
The elasticity with respect to aid is positive concessional sale requirements was reduced 
and not significantly different from unity. by the growth of wheat output. 

Aid utilized turns out to be the most 
appropriate variable to represent foreign 
exchange availability in the wheat import 
equation for India. In other recent studies, Simultaneity 
broader definitions of exchange availability, 
including exchange reserves, export earn- The five interrelated equations relating 
ings, or both, have been used.3 1 Given Indian to output, total absorption, and the govern­
trade and exchange policy, however, none ment's purchases, imports, and concessional 
of the more inclusive representations of sales have been estimated by the 3SLS 
exchange supply (opening reserves plus aid procedure in order to correct the coefficients 
or opening reserves plus aid plus export for simultaneity biases (Table 3). 
earnings) proved to be significant. Three- stage least square coefficients are 

One of the experimental equations with used to compute the reduced form and pro­
the latter, the most inclusive definition of jections. 
exchange supply (FE) is reported as equation 
(10) in Table 2. A comparison of this with 
equation (6) in Table I reveals that while the 
coefficient of aid alone in equation (6) is The Sensitivity of the System 
highly significant, the coefficient of FE in 
Table 2,equation(l0) is not. And the latter All the estimated 3SLS elasticities in 
equation explains much less (52 percent) of Table4 show that the Indian wheat system is 
the variance of imports than the former (92 highly sensitive to prices. The one-period 
percent). price elasticity of supply (0.66) is in the 

" Scobte and Valds. "Food Imports. Government Policy." Hall, "Evaluating the Effects of Imports." 
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Table 3-Wheat model equations, three-stage least squares, 1961-78 

Equation
Number 

Dependent
Variable Constant 

2 Q -25,555.8' 
(6.68) 

3 D -9,708.24' 
.2.79) 

4 IS 1,139.32 
(0.29) 

5 PR 3,868.01 b 

(2.24) 

6 IM 5,589.57 b 

(230) 

Independent Variable/Estimated Coefficient 

PW21 
6,339.48' 

(3.91) 
10.641 

PBG21 
-2,491.18 

(- 1.73) 
1-.0.141 

WAP 
.10,434.8' 

( 2,75) 
00421 

PCS 
3,444.18' 

(2.69) 
10.401 

PILL2 
9.958.78' 

PW2 
3.576.8 1' 

( 307) 
1 1.141 

(2.68) 
11.201 

Q 
0.3159' 

(15.08) 
12.221 

PP2 
6 .3 9 0 .0 6 b 

(2.51) 
11.54] 

DEFM 
0.1668' 

(3.16)
[0o71 

P MM 
3.933.28' 

( 3.67)
I 1.301 

RAW 
0.9977A 

(6.01) 
[0.511 

X 
1.0904' 

(19.88) 
11.501 

IRW 
26.0802a 
(3.39) 
10.66] 

QI 
0.6764A 

(5,71) 

X 
0,1586 

b 

(2.45) 
0.151 

. 

PW2 
- 1,928.56c 

(-1.57) 
1-1.371 

. 

ADU 
3.2845 b 

(2.34) 
10.82] 

.. . 

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

and PR, for procurement. IM is total imports.
ADU is total foreign aid utilized. DEFM is the foodgrain deticit for imports. IRW is the ratio of irrigated

wheat area toIotal heat area PBG21 is the ratio of the price index of the major substitutes for wheat in
production to the %%holesaleprice index. lagged oneyear and PCS is the ratio of [heprice index of themajor
,ubstitites for "heat in consumption to the hJolesale price index. PILL2 is the deflated price of issues;
PMM is the deflated poce of imports PP2 is the ratio of the procurement price to the wholesale price indexf,,rall (oninodlies. and PW2 isthe ratio of the open market holesale price to the wholesale price index for
all commodities P1%21 is PW2 lagp .d one sear QI is Q lagged one.edr RAW is the rainfall index for wheat.
WAP is the wNeighted aserage of the market wholesale and concessional issue prices of wheat. X is aggregate 
real (.onsumption vxpenditure'-

This coefficient is significant at the I percent level
 
b This coefficient is significant at the 5 per(ent level
 

This roefficient is signifirant at the 10 percent level 

range of elasticities found for commercial The system is also found to be sensitive to 
crops rather than subsistence crops in de- scale variables. The high expenditure elasticity
veloping countries. 32 The price elasticity of of wheat consumption (1.5) was discussed 
demand for wheat (- 0.4) is also higher than earlier, but the elasticity of concessional 
for subsistence crops. The price elasticity of sales with respect to consumption expen­
government purchases is about 1.5, And the ditures (0.75) is also high, considering that 
price elasticities of imports and concessional wheat is a staple food. Finally, government
sales are not significantly different from procurement is sensitive to output with an 
unity. elasticity of about 2.2. 

12 Scandtzuo and Bruce. Methodologtes for Measuring Pnte Effect.s 
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Table 4-	 Wheat model: 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 	 ;W21 0.58 a 0.66'
 
PBG21 -0.14" -0.14"
 
RAW 0.56' 0.50"
 
IRW 0.754 0.66 d
 

-0. b
-.0.46b 	 42
WAPD 	
0 .4 5 b 0 .4 0 bPCs 


X 	 1.55' 1.50a 

PILL2 -1.57' -1.14'bIS 1.20
1.64'PW2 0.75b
0.964X 

PR 	 Q 2.22'C 2.22'b
1.54
1.19

PW2 -0.74d 1 .3 7 d
PP2 


DEFM 	 0.06A 0.07aIM 

PMM 	 -0.89' -1.304ba
[.14 0.82
ADU 

Notes: Q isgross output; D is :-rtal demand 1absorption). ISstands for government issues (concessional sales) and 
PR. for 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 concumption to the wholesale price index. PILL2 is the deflated price of issues; 
PMM isthe 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 
ill commodities PM21 is 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. Xis aggregate real consumption 
expenditures 

This coefficient is significant at the I per(ent level. 
b This coefficient is significant at the 5 percent level. 

This coefficient is significant at the 10 percent lecel.
 
This coefficient is not signif;cant at tie tO percent level.
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5 
THE REDUCED FORM OF THE MODEL 

Writing the five estimated 3SLS equa- PILL2. X.PMM, DEFM, ADU, PCS, and SO);
tions for Q, D, IS,PR, and IM,and the stock and A (6 x 6) and B (6 x 13) are coefficient 
identity (equation [I]) in matrix form, matrices, the reduced form of the system is 

AE = BG, (7) E= RG (8) 

whereEisthecolumnvectorofendogenous where R=A-'B. The reduced form matrix 
variables (Q, PW2,33 IS, PR, IM, and SC); G shown in Table 5 sheds some light on the 
is the column vector of predetermined vari- causal links between variables. Some are 
ables (QI, IRW, RAW, PBG21, PW21, PP2, noteworthy. 

Table 5-Wheat model: reduced form of the three-stage leastsquares system, 1961­
78 

Deflated 
Procure. Wholesale Closing

Predetermined Output ment Issues Imports Price Stock 
Variable (OJ (PR) {IS) (1p.11 (PW2) (SC) 

Constant 2,555.8 11875.3 1,017.3 11.006.2 -0.0341 1.866.3 
Lagged gross output (QI) 0.6764 02908 A.1430 -0.0987 -0.00004 0.3351 
Wheat irrigation ratio 
(IRW) 
 260802 11.2117 -5.5137 -3.8064 -0.0015 12.9190 

Rainfall index for wheat 
(RAW) 09977 0.4289 -0.2109 -0.1456 -0.00006 0.4942 

Deflated. lagged whole­
sale price (PW21) 6,339.48 2.725,29 -1.340.26 -925.25 -0.37 3,140.30 

Price index of production 
substitutes IPBG21, 2.491,18 -1,070.94 526.67 363.59 0.15 -1,234.02 

Deflated precurement
 
price IPP2) 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( 000 -0 1886 0 r'"84 
 0.00 0.000098 -0.6971
 

G;ain deficit
forimports
 
(DEFM() 
 000 0.00 0.00 0.1668 0.00 0.1668
 

Deflated import price
 
(PM1) 000 0.00 0.00 -3,933.28 0.00 -3.933.28 

Aid utilized IADU) 0 00 0.00 0.00 3.2845 0.00" 3.2845 
Deflated price index of con. 

sumption substitutes
 
(PCS) 000 -697.23 1,293.11 000 0.3615 -1,990.34 

Opening stock (SOj 000 000 0.00 0.1668 0.00 0,8332 

" rhe equation for D isactually 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'r price should decrease as 
output increases. 34 

Second. the three predetermired vari-
ables in the import equation (aid ., a'ueflated 
impert price, and the foodgiain deficit) do 
not affect any other quantity except the 
c',osing stock. For these variables, and im-
ports determined by them, do not enter any 
relation other than the stock identit,. 

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. 

Frurth, 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. 

In this chapter. partial causal relations reflected in impact multipliers are discussed assuming that the variables 
indicated change and other predetermined variables remain the same 
14 
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6 
CONSISTENT PROJECTIONS 

The reduced form of the model wa.- 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 period. 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 Table 6. The assump-
tions used to project exogenous variables,
and projections based on these assumptions, 
are given in Appendix 2, Table 34. Apart
from the statistical significance of the es-
timated coefficients, the validity of en-
dogenous projections deplnds on the realism 
of the assumptions wi.-i which exogenous
quantities are projected. It is, therefore, 
necessary to review briefly thL± 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 in6 of 
the 14 ye(ars (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. ln the simulated exchange short­
age cases, aid is kept 10 percent below the 
1978 level (Rs II 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 irrigation ratio for 1990 
projected by Sanderson and Roy, the ratio 
for each projection year has been interpolated
linearly. 39 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 increment of 2 per­
centage points a year) because the rate of 
increase is expectpd 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 ayear) 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 project ons for the later , ears of a long period are likely to lose realism, they were nevertheless computed 
to simulate the smaller size at which the inventor , which was abnormally large in 1979. stabilizes in the long run. 
1 The quantities for each , ear also satisf the basic stock- flow identity: the closing stock equals the opening stock 
plus procurement and imports minus sales, 
3' Between 1961 and 1978 there were five mator dips in rainfall, below normal. of34 percent in 1966. 18 percent in
1967. 15 percent in 1969.22 percent in 1973. ar.d 2 percent in 1975. Except ir 1966 when the dip was abnormally
,teep, 34 percent below normal, the other declines averaged 19.5 percent.
I In the rest of the paper. 'aid' means aid utilized. 

19 Sanderson and Ro. Food Trend and Prospe'ts 
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able 6-Wheat model: consistent projections, 1979-92 

Scenario/ 
Year 

Output 
(Q 

Procure. 
ment 
(PR} 

Issues 
(IS) 

Imports 
(IM) 

Closing 
Stock 
(SC) 

Opening 
Stock 
(SO) 

Index of 
the Deflated 
Market Price 

11960/61-100) 
(PW2) 

Present 
Value of 

Cost 
(IPVC) 

Basic 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
Average 

Drought 
1979 
1980 
1981, 
1982 
1983 
1984' 
1985' 
1986 
1987 
1988' 
1989 
1990 
1991 
1992 
Average 

Drought and 
exchange 
shortage 
1979 
1980 
1981, 
1982 
1983 
1984' 
1985' 
1986 
1987 
1988, 
1989' 
1990 
1991 
1992 
Average 

32.986 
33.063 
33,856 
34.865 
35.939 
37.033 
38.159 
39.268 
40,399 
41,510 
42.641 
43.778 
44.916 
46,058 
38.891 

32.986 
31.068 
31,908 
34.103 
35,709 
34,968 
36,190 
38,500 
40,167 
39,444 
40.671 
43.009 
44,685 
45.986 
37.814 

32.986 
31.068 
31.908 
34.103 
35.709 
34.968 
36.190 
38,500 
40.167 
39.444 
40.671 
43.009 
44,685 
45,986 
37,814 

7.415 
7,285 
7,463 
7.734 
8.033 
8,341 
8,662 
8.976 
9.299 
9,614 
9,938 

10.264 
10.590 
10.918 
8,895 

7,415 
6.533 
6.679 
7,407 
7.935 
7.559 
7,869 
8.646 
9,200 
8,832 
9.144 
9.933 

10,491 
10.887 
8.466 

7.415 
6.533 
6,679 
7,407 
7.935 
7,559 
7,869 
8.646 
9.200 
8.832 
9,144 
9,933 

10.491 
10.887 
8,466 

(1,000 metric tons) 

7.095 -670 
7,517 -720 
7.788 -360 
8,014 466 
8.225 741 
8,433 673 
8.634 713 
8,838 825 
9,037 935 
9,241 1.042 
9,441 1.145 
9,639 1,246 
9,837 1,351 

10,035 1.663 
8,698 646 

7.095 -670 
7.653 308 
8,057 124 
8,175 466 
8,274 741 
8.584 1,786 
8,907 1,257 
9.000 825 
9,086 935 
9,392 2.293 
9,714 1,760 
9,802 1.246 
9,886 1.351 

10.050 1.663 
8.834 1.006 

7,095 -1.031 
7,653 -54 
8.057 -238 
8.175 104 
8.274 379 
8,584 1.424 
8,907 896 
9.000 464 
9.086 573 
9,392 1.932 
9.714 1.398 
9,802 884 
9,886 989 

10,050 1.301 
8,834 644 

10,138 
9,186 
8.501 
8,687 
9,237 
9,818 

10.559 
11,523 
12,720 
14,135 
15.777 
17.647 
19.751 
22,296 
12,855 

10.138 
9,326 
8,071 
7,769 
8,171 
8.933 
9.152 
9 123 

10,671 
12,405 
13.595 
14,972 
16.927 
19.428 
11.370 

9,777 
8,602 
6,985 
6.322 
6,362 
6.761 
6,618 
6,728 
7,414 
8,786 
9.614 

10.629 
12,223 
14.631 

8,656 

10.488 
10,138 
9,11. 
8,50' 
8.68/ 
9,237 
9.818 

10,559 
11,523 
12,720 
14.135 
15.777 
17.647 
19.751 
12,012 

10.488 
10.138 
9,326 
8,071 
7,769 
8.171 
8,933 
9,152 
9,623 

10.671 
12.405 
13.595 
16,927 
19,428 
10.732 

10,488 
9.777 
8.602 
6.985 
6,322 
6,362 
6,761 
6.618 
6,728 
7.414 
8.786 
9.614 

10.629 
12.223 
8,379 

88.7 
87.0 
92.4 
94.7 
95.8 
96.6 
97.4 
98.2 
99.0 
99.9 
99.1 

100.7 
101.3 
103.3 
96.7 

88.7 
94.7 
97.4 
96.6 
96.2 
99.9 

100.7 
99.5 
98.9 

103.3 
105.5 
103.8 
103.3 
103.8 
99.5 

88.7 
94.7 
97.4 
96.6 
96.2 
99.9 

100.7 
99.5 
98.9 

103.3 
105.5 
103.8 
103.3 
103.8 
99.5 

(Rs billion) 

104.90 

95.74 

75.25 

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 continue, at a rate of 
about 10 percent a year.4°  

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 price.4 1 But in 
recent years the government has beenunder 
intense and growing pressure from farmers 
to raise procurement prices to the fullextent 
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 significantly. 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, zeveal some interesting features 
of the existing wheat system. In the basic 
scenario, as output rises steadily year ifter 
year. concessional sales increase. Precure-

40 World Bank. World Development Report 1981 (Washington, 
velopment. 1981) 

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 average.43 

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, Table 29).44 The model 
also reduces the large initial inventory (I0.5 
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 

D C.:International Bank for Reconstruction and De­

4 Krishna and Rachaudhur. 'Some Aspects of Wheat Price Policy.-

World Bank. 'Biennial Re,,ievw of Commdirv Price Forecasts." Washington. DC.. May 1982. (Mimeographed.) 
41It is not proposed in this report that 'exportable- surpluses that show up in some of the projections should actually 
be cxported All that is implied is that these quantities are not needed to maintain adequate concessional sales of 
wheat Preferable alternative uses are mentioned in the concluding chapter. 
- Earlier Wnrl', Bank prolections had world wheat prices rising slightly, Impoi- price series based on these pro­
lecrtions 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 "exports" were higher. But 
none of the other endogenous quantities changed significantly. These results are not reported here; they are available 
from the authors 
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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 Sho.tage 
Year Scenario Scenarios Scenario Scenarios Scenario Scenarios Scenario Scenarios 

(kilograms) 

1979 43.81 43.81 44.12 44.12 10.84 10.84 11.17 11.17 
1980 43.75 42.46 43.14 42.77 11.23 11.43 10.62 11.71 
1981 4393 42.97 43.81 43.28 11.37 11.77 11.27 12.03 
1982 44.15 48.90 44.44 44.21 11.44 11.67 11.75 11.96 
1983 4437 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 44.13 1152 11.89 12.08 12.13 
1986 44.85 44.61 45.14 4487 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 4504 43.94 44.53 44.22 I1.53 11.71 10.97 11.92 
1989 45.10 44.29 45.01 44.56 11.51 11.85 11.37 12.03 
1990 45 13 44.91 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 45.13 45 11 45.39 45.35 11.44 11.45 11.62 11.61 
Average 4462 44.10 44.63 44.39 11.42 11.60 11.49 11.84 

programming runs whether exports are permitted or prohibited,
 
and whether the minimum opening stock is25 or 50 percent of issues.But they differ between the basic and
 

Notes- Absorption and issues remain the same inall 

the other two scenarios.
 

years than in the basic scenario, as additional 
consumers switch from the open market to 
fair price shops. The system meets this extra 
demand by raising annual average imports 
and keeping the everage closing stock lower 
than in the basic scenario. Since average 
output is lower because of the drought, 
average procurement is also lower than 
when rainfall is normal. Thus the system 
changes the proportions in which it draws 
uponthethreesourcesofsupplytomeetthe 
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). But in the drought scenario, procurement 
contributes less (95.8 percent) and imports 
more (11.4 percent) to issues. Invertories 
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'/6 percent of what it is 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 tbc drought and drought and 
exchange sho-tage scenarios remain the 
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Table 8-Wheat model: sources of projected issue,, 1979-92 

Projection/Scenario 

Consistent projections
Basic 
Drought 
Drought and exchange shortage 

Programming piojections 
Exports allowed, opening stock
 
one fourth of IS
 

Basic 
Drought 
Drought and exchange shortage 

No exports, opening stock 
one fourth of IS 

Basic 
Drought 
Drought and exchange shortage 

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 

Procurement Imports Stock Issues 
(PR) (IM) Reduction' (IS) 

(percent)
 

102.3 7.4 -9.7 100 
95.8 11.4 -7.2 100 
95.8 7.3 -3.1 100 

102.1 -8.6 6.5 100 
93.9 -0.2 6.3 100 
93.9 -0.2 6.3 100 

102.1 0.0 -2.1 100 
93.9 0.6 5.5 100 
93.9 0.6 5.5 100 

the exchequer. The present value of the 
system cost over 14 years ranges between 
Rs 75 and 105 billion (Table6), with the cost 
concept and assumptions of the following
chapter. Ways to reduce this cost need to be 
explored. A set of programming simulations 
is developed below for this purpose. 
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7 
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 marketing 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 Ix imports [IM]), and the cost of storage 
(the average carrying cost [ST']) x (the open-
ing stock [So + the closing stock [SCI 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 marfleting 
cost percentages are computed from data in 
Garg and from the FCI (see Appendix 5).4S 
The net cost is the sum of basic and market-
ing costs minus the sale revenue (the issue 
price [PI'J x [ISI). 46 Thus 

C = (PP', PR) (PM IM) 
- [ST'/ (SO- SC) / 0.51 -- (0.15)(PP')(PR) 
- (0.1 56)(PP')(IS) (0.078)( PP')(IM) 

-(PI')(IS) = (1.1 5 PP')(PR) 

+ (PM - 0.078 PP')(IM) 


P- SC)
(0.5)(ST')SOp 

-(PI' -0. 156 PP')(IS). (9) 

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

PVC C /(I +8)1-1979 (10) 

where 8 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 thatn or equal to 
what they are in the consistent projections. 
in consequence it become,, 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. 

45Garg. State in Foodgrain Trade 

" PP', ST'. and PI' are prices per ton. whereas PP. ST. and PI are prices per quintal.
 

4' 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. Two 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 
averaged48 percent, and in thethreesurplus 
years, 1976-78, it exceeded 100 percent
(Appendix 2,Table 35). Thus 25 percent is a 
reasonable lower limit of the opening stock/
issue ratio even for bad years.48 But in order 
to compute the cost of a greater measure of 
safety, simulations with a minimum 50 
percent opening stock/issue ratio have also 
been made. 

Thus the programming specification is 
to minimize PVC subject to 

PR _PR, (i1) 
IS* _ Is, (12) 

of other endogenous variables entering them, 
along with pmedetermined variables. But 
since these endogenous solution values are 
different in the consis.tent and programming
simulations, the projected Qand 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.4 9 

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
lM*;_; I"M. (17,) simulation, given in Table 9, vindicate the 
SC* = SO* PR*+ IM*- IS*,
SO* 0.25 (or 0.50) IS*. 

(14)
(I5) 

IM*-i_ 0 (or IM* ' 0), (16) 
and 

PR*, IS*, SC*. SOW _ 0. (17) 

where quantities with a (-)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 

procedure. This is the simutlation in whichthe lower limit for the opening stock is 25percent of issues and exports are permitted. 

The programming-solution values turn out 
to be strikingly different from the consistencyresults in many 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. 

44 It ihould be noted that the ratios of stocks to issues are for the beginning of every calendar year. It is assumedthat the sto.k will var normally from month to month. Data show 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). See Chopra. Evolurion ofFoodPolicy. p. 300. 
4"See Lance Taylo'. "Theoretical Foundations and Technical ln ipl"cations" 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 all'Ned and min­
imum opening stocks one fourth of issues, 1979-92 

Index of 
the Deflated Present 

Scenario/ 
Year 

Output 
Q)J 

Procure-
ment 
(PR) 

Issues 
(IS) 

Imports 
(IM) 

Closing 
Stock 
(SC) 

Opening 
Stoc! 
(SO) 

Market Price 
11960/61-100) 

(PW2) 

Value of 
Cost 

(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 
1981 

33,048 
33.848 

7,278 
7.468 

7.110 
7.720 

-2,058 
88 

2.221 
2,057 

4,111 
2,221 

90.4 
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 
1985 
1986 

37,030 
38,178 
39.259 

8.323 
8.663 
8,961 

8,006 
8.542 
9,054 

-176 
0 

138 

2,142 
2.264 
2,308 

2,001 
2,142 
2,264 

95.9 
96.8 
97.8 

1987 40.385 9,274 9,234 -149 2,200 2,308 98.8 
1988 
1989 
1990 
1991 
1992 
Average 

41,517 
42,680 
43,797 
44,949 
46.124 
38,896 

9.588 
9,933 

10,243 
)563 

10,912 
8,883 

8.799 
9.327 
9.819 
9,985 

10,200 
8,697 

-657 
-483 
-382 
-524 
-712 
-752 

2,332 
2,455 
2.496 
2,550 
2.550 
2,414 

2,200 
2,332 
2,455 
2,496 
2,550 
2,981 

99.8 
100.7 
101.6 
102.5 
103.3 
96.7 

Drought 
1979 32.986 7,423 7.539 -4,511 6,051 10,488 85.9 

32.71 

1980r 
1981' 
1982 

31,108 
31,951 
34.123 

6,546 
6,687 
7.410 

7.837 
8.238 
8.380 

-991 
36 

839 

3,768 
2.253 
2.122 

6,051 
3,768 
2.253 

93.5 
96.9 
95.4 

1983 
1984' 

35.704 
35.009 

7.927 
7.565 

8,488 
8.779 

1,166 
980 

2.727 
2.494 

2,122 
2.727 

95.6 
99.3 

1985' 
1986 
1987 
1988' 
1989V 

36,226 
38.519 
40.210 
39.523 
40.746 

7,865 
8,627 
9,198 
8,83c 
9.141 

9.092 
9,165 
9,272 
9,557 
9.867 

1,024 
565 
145 
795 
755 

2.291 
2.318 
2.389 
2,467 
2.496 

2,494 
2.291 
2,318 
2,389 
2,467 

101.5 
100.2 
99.2 

103.2 
105.4 

1990 43,070 9.932 0,984 69 2.514 2,49u 104.0 
1991 
1992 
Average 

44,716 
46031 
37.852 

10,470 
10.862 
8.464 

10,055 
10.191 
9.015 

-381 
-671 

-13 

2,548 
2,548 
2,785 

2,514 
2,548 
3.352 

103.2 
103.6 
99.1 

Drought and 
exchange 
shortage 
1979 32.986 7.423 7.309 -2.154 8.448 10,488 85.9 

35.25 

1980, 
1981' 

31.108 
31.951 

6.546 
6.687 

7.837 
8.238 

-1.227 
-1.119 

5.929 
3.259 

8,448 
5.929 

93.5 
96.9 

1982 34.123 7.410 8'380 629 2.918 3,259 95.4 
1983 35.704 7.927 F,488 958 3,315 2,918 95.6 
1984' 
1985' 

35,009 
36.226 

7.565 
7.865 

8.779 
9,092 

707 
709 

2.808 
2.291 

3,315 
2,808 

99.3 
101.5 

1986 
1987 

38.519 
40.210 

8,627 
9.198 

9,165 
9,272 

565 
145 

2,318 
2,389 

2.291 
2,318 

100.2 
99.5 

I ' ! 
I981 

39.523 
40.746 

8.839 
9.141 

9.557 
9.867 

795 
755 

2,467 
2,496 

2.389 
2.467 

103.2 
105.4 

1990 
1991 
1992 

43,070 
44,716 
46.031 

9.932 
10.470 
10.862 

9.984 
10,055 
10.191 

69 
-381 
-67 

2,514 
2.548 
2.548 

2.496 
2.514 
2,548 

104.0 
103.2 
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. 

In the 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 billion, 

The outcomes vary as the minimum in-
ventory specification is changed and ex-
ports are permitted 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 -re 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 billion in the consistent projections 
to Rs83 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 andtheminimumstockrequirement 
is only 25 percent of issues, 

In all programming simulations, average 
concessional consumption per capita in the 
basic scenario, 11.5 kilograms per year, 
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 

concessional consumption adversely (Table
7 and Appendix 2, Table27).(Forsimulations 
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. !n the 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, ix 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 higheri ate 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 
yars 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 7equire­
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 
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Table 10- Wheat model: programming projection 3with exports allowed and min­
imuni opening stocks half of issues, 1979-92 

Index of 
the Deflated Present 

Procure. Closing Opening Market Price Value of 
Scenario/ 
Year 

Output
(Q) 

ment 
(PR) 

Issues 
(IS) 

Imports 
JIM) 

Stock 
(SC) 

Stock 
(SO) 

(1960/61-100) 
(PW2) 

Cost 
(PVC) 

(1.000 metric tons) (Rs billion) 

Basic 42.92 
1979 32,986 7,423 7.309 -6.491 4.111 10,488 85.9 
1980 33,048 7,278 7,110 -271 4,008 4.111 90.4 
1981 33,848 7,468 7,720 358 4,115 4,008 92.4 
1982 34.825 7.713 8,230 616 4,214 4,115 92.9 
1983 35.920 8,016 8,428 201 4.003 4.214 94.8 
1984 37.030 8.323 8.006 0 4,320 .,003 95.9 
1985 38.178 8,663 8,542 85 4.527 4,320 96.8 
1986 39,259 8,961 9,054 183 4,617 4,527 97.8 
1987 40.385 9.274 9.234 -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 4,910 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 
A'.erage 38.896 8.883 8,6S7 -570 4,506 4,891 96.7 

Drought 
1979 32,986 7,423 7,309 -3,859 6,743 10.488 85.9 

46.69 

1980 31,108 6.546 7.837 0 5,451 6,743 93.5 
1981, 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 
1984a 35,009 7.565 8,779 1,249 4,546 4.510 99.3 
1985' 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 1(.2 
19891 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 4.916 5.301 99.1 

Drought and 
exchange 
shortage 47.80 
1979 32.986 7.423 7.309 -2,154 8,448 10,488 85.9 
1980a 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 7,410 8.380 826 4,421 4.565 95.4 
1983 35,704 7,927 8.488 1.185 5,045 4,421 95.6 
19844 
1985' 

35.009 
36,226 

7,565 
7,865 

8.779 
9,092 

968 
1,010 

4.799 
4,582 

5,045 
4,799 

99.3 
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 
19890 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 5,179 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 

Scenario/ 
Year 

Output 
(OJ 

Procure. 
ment 
(PRI 

Issues 
(IS) 

Imports 
(IM) 

Closing 
Stock 
ISC) 

Opening 
Stock 
(SO) 

Market Price 
(1960/61-100) 

(PW2) 

Value of 
Cost 
(PVC) 

(I.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 92.4 
1982 34.825 7,713 8.230 0 10.002 10,518 92.9 
1983 35.920 8.016 8.428 0 9,589 10,002 94.8 
1984 37,030 8,323 P.006 0 9.907 9,589 95.9 
1985 38.178 8.663 8,542 0 10.028 9.907 96.8 
1986 39.259 8.915I 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 42,680 9.933 9.327 0 11.371 10,765 100.7 
1990 43.79' 10.243 9,819 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 
Aeragv 38,896 3.883 8.697 0 10.765 10.580 96.7 

Drought 
 44.46 
1979 32.986 7.423 7.30q 0 10.602 10,488 85.9 
19804 31.108 6,546 7,837 0 9,310 10,602 93.5 
1981 31.951 6,687 8,238 0 7,760 9,310 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 9.6 
1984' 35.009 7.565 8,779 0 ,015 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 9.867 755 2,496 2,467 105.4 
1990 43.070 9,932 9.984 69 2,514 2.496 104.0 
1991 44.716 10.470 10.055 0 2.928 2.51k, 103.2 
1992 46,031 10.862 10.191 0 3,600 2.928 103.6 
Average 37,852 8.464 9.015 59 4.995 5,487 99.1 

Drought andi 
exchange 
shortage 44.46 
1979 32.986 7.423 7.309 0 10,602 10.488 85.9 
1980" 31.108 6.546 7.837 0 9,310 10.602 93.5 
1981, 31.951 6.687 8.238 0 7.760 9.310 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 7.365 8.779 0 5.015 6.229 99.3 
1983" 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 9272 0 3,177 3,251 99.5 
19884 39.S23 8,839 9.557 7 2.467 3.177 103.2 
1989' 40,746 9.141 9.867 755 2,496 2,467 105.4 
1990 43.070 9.932 9.984 69 2.514 2.496 104.0 
1991 44716 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 8.464 9,015 59 4,238 4.730 99.1 

It i assumed that a drought occurs in this year 
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Table 12- Wheat model: programming projections with no exports and minimum 
opening stocks half of issues, 1979.92 

Index of 
the Deflated Present 

Procure- Closing Opening Market Price Value of 
Scenario/ 
Year 

Output 
(QJ 

ment 
"PR" 

Issues 
(IS) 

Imports 
JIM) 

Stock 
(SC) 

Stock 
(SO) 

11960/61-100) 
(PW2) 

Cost 
(PVC) 

11.000 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 33.8,18 7,468 7.720 0 10.518 10,770 92.4 
1982 34,825 7.713 8.230 0 10.002 10,518 92.9 
1983 35,920 0.016 8,428 0 9.589 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 
1986 39,259 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 42,680 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 44.949 10,563 9.985 0 12.372 11.794 102.5 
1992 46.124 10912 10.200 0 13,084 12,372 103.3 
Averadge 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 85.9 
1980A 31 lop 6.346 7.837 0 9.310 10.602 93.5 
1981, 31.951 6.687 8.238 0 7,7150 9.310 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' 35R009 7,565 8.779 0 5,015 6,229 99.3 
1985' 36.226 '.865 9.092 794 4.582 5.015 101.5 
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 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 9.932 9.984 87 5,028 4.992 104.0 
1991 44,716 10.470 10.055 0 5,442 5.028 103.2 
1992 46.031 10.8K02 10,191 0 6,113 5.442 103.6 
A. erage 37,852 8.44,4 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 85.9 
19804 31.108 6,.46 7,837 0 9,310 10,602 93.5 
1981' 31,951 6.687 8.238 0 7.760 9.310 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 7.565 8.779 0 5,015 6,229 99.3 
1985' 36.226 7 865 9.092 794 4.582 5.015 101.5 
1986 38.119 8.627 9.165 591 4,636 4,582 1002 
1987 40.210 9198 9.272 216 4.779 4.636 99.5 
1988, 39.523 8839 9.557 873 4,933 4.779 103.2 
19891 40746 9.141 9.867 784 4.992 4.933 1054 
1994) 43,070 9.932 9.9 .1 ," 3.028 4.992 104.0 
1991 44.716 10.470 10.053 0 5.442 5.028 103.2 
1992 46,'31 10862 10.191 0 6.113 5.442 103.6 
A~erage 37.-. 2 8.464 9.015 239 6.158 6.470 99 I 

it is assumed that a drought occurs in this 'rear. 
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Table 13-Wheat model: summary of projections. 1979-92 averages 

Index of 

Projection/Scenario 
Out )ut

(Q) 

Opening 
Stock 
(SO) 

Procure-
ment 
{PR) 

Imports 
(IM) 

Issues 
(IS) 

Closing 
Stock 
(SC) 

the Deflated 
Market Price 

(1960/61-100) 
(PW2) 

Present 
Value of 

Cost 
(PVC) 

Issues 
Per Capita 

Consistelt plroiec tions 
(I .000 m11ntric tons) (Rs billion) (kilograms) 

Basic 
Drought 
)rought and ewthange shortage 

38.891 
37.847 
37.847 

12.012 
10.732 
8.379 

8.895 
8.466 
8.466 

646 
1.006 

644 

8,698 
8.834 
8,834 

12,855 
11.370 
8.6S6 

96.7 
99.5 
99.5 

104.9 
95.7 
75.2 

11.42 
11.60 
11.60 

Progiall1ining plroectlloS 

No exports. miUnnum So hall io IS 
Basic" 
Drought 
Drought and exchange shortage 

38.896 
37.852 
37.852 

10.580 
6.470 
6.470 

8.883 
8.464 
8.464 

0 
239 
239 

8.697 
9.015 
9.015 

10,765 
6.158 
6.158 

96.7 
99.) 
99.1 

83.2 
53.6 
53.6 

11.49 
11.84 
11.84 

No enports. nunnlllin SO one 
fourth o IS 

Basic 
Drought 
Drought and exchange shortage 

38.896 
37.852 
37.852 

10.580 
5.487 
5.487 

8.883 
8.464 
8.464 

0 
59 
59 

8.697 
9.015 
9.015 

10.765 
4.995 
4.995 

96.7 
99.1 
99.1 

83.2 
44.5 
44.5 

11.49 
11.84 
11.84 

Exports pe mitted. itliillIllnSO 
halt of IS 

Basic 
I)rought 
Drought and exchange shortage 

38.896 
37.852 
37.852 

4.891 
5.301 
5.564 

8.883 
8.464 
8.464 

570 
166 
166 

8.697 
9.015 
9.015 

4.506 
4.916 
5.179 

96.7 
99.1 
99.1 

42.9 
46.7 
47.8 

11.49 
11.84 
11.84 

Exports permitted. minimum SO 
one fourth of IS 

Basic 
)rought 

Drought and echange shortage 

38.896 
37.852 
37.852 

2.981 
3.352 
3.871 

8.883 
8.464 
8.464 

-752 
-13 
-15 

8.697 
9.015 
9.015 

2.414 
2.785 
3.303 

96.7 
99.1 
9S.I 

29.2 
32.7 
35.2 

11.49 
11.84 
11.84 

Exports permitted. minimum SO 
one fourth of IS. stable con­
sumplion 
Basic 33.896 2.981 8.883 -752 8.697 2.414 96.7 29.2 11.49 
Drought 
Drought and exchange shortage 

37.085 
37.085 

4.927 
5.766 

8.314 
8.314 

849 
849 

9.721 
9.721 

4.369 
5.208 

96.7 
96.7 

43.7 
47.8 

12.76 
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) 
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Basic Scenario Drought Scenario Drought and Exchange 
Shortage Scenario 

DConsistent projections, exports allowed, no restrictions on stocks
 

SExports prohibited, minimum opening stocks half of issues
 

E] Exports prohibited, minimum opening stocks one-fourth of issues 

M Exports allowed, minimum opening stocks half of issues 

FliExports 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 They suglest that the present value of 
30-35 percent of the present operational the total loss betwveen 1979 and 1992 may be 
loss. if inventory and trade policies are reduced if the constraints are relaxed mar­
rationalized. ginally: the relaxation of the minimum 

The shadow prices associated with the inventory requiremem will give the biggest 
constraints oif the main programming run reduction, followed by the easing of the 
(Table 9) are shown below.5O minimum procuyiment and the maximum 

import requirements. The shadow price as­

sociated with the minimum issue constraintConstraint Shadow Price 
the model would reduce costs by(Rs/ton)is zero:

(Rs/ton)increasing issues, but other constraints do 
Opening stock 516.0 not allow this. 
Procurement 356.5 It can be noted that average consumption 
Imports 14.8.6 dloes diminish somewhat in the drought and 
Issues 0.0 drought and exchange shortage scenarios. 

'rThe reported shadow price is the change in PVC associated with a one-tinn 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 shotigt 
occurs. An additional constraint, requirirp 
stable consumption, can then be included 
in the program. Ihe 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 
Len 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). Still, the 
cost would be 46 percent of the cost in the 
consistent projection with the drought sce-
nario. Thus even consumption and price 
stabilitV 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 
(with25 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,51 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. 

The simulatiron in this re!port are based or the assumption that the official inventor, figures iepresent real stocks. 
It has been reporterd that the actual stock: mas be smaller because storage losses are heavw. 

44 



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 

Scenario/ 
Year 

Output 
(0J 

Procure-
ment 
(PR) 

Issues 
(IS) 

Imports 
(IM) 

Closing 
Stock 
(SC) 

Opening 
Stock 
(SO) 

Market Price 
11960/61-100) 

(PW2) 

Value of 
Cost 

(PVC) 

(I.000 metric tonsi (Rs billion) 

Basic 29.23 
1979 
1980 

32,986 
33,048 

7,423 
7,278 

7.309 
7,110 

-6,491 
-2.058 

4.111 
2.221 

10,488 
4,111 

85.9 
90.4 

1981 
1982 
1983 

33,848 
34,825 
35,920 

7.468 
7,713 
8.016 

7.720 
8,230 
8,428 

88 
566 
307 

2,057 
2,107 
2,001 

2,221 
2,057 
2.107 

92.4 
92.9 
94.8 

1984 37.030 8.323 8.006 176 2.142 2,001 95.9 
1985 
1986 
1987 
1988 

38.178 
39,259 
40,385 
41.517 

8,663 
8.961 
9.274 
9.588 

8,542 
9,054 
9,234 
8.799 

0 
138 

-149 
657 

2,264 
2,308 
2,200 
2.332 

2.142 
2,264 
2,308 
2.200 

96.8 
97.8 
98.8 
99.8 

1989 42.680 9,933 9,327 -483 2.455 2,332 100.7 
1990 
1991 

43,797 
44.949 

10.243 
10.563 

9.819 
9.985 

-382 
524 

2.496 
2.550 

2.455 
2,496 

101.6 
102.5 

1992 
Average 

46.124 
38.896 

10,912 
8.883 

10,200 
8.697 

-712 
-752 

2.550 
2.414 

2.550 
2.981 

103.3 
96.7 

Drought 
1979 32.986 7.423 7.309 - 1,563 9,039 10.488 85.9 

43.67 

1980' 
19814 
1982 

31,108 
31,559 
33.268 

6,669 
6.749 
7,224 

8.206 
9,013 
9.109 

0 
540 

1.242 

7,502 
5,778 
5,135 

9.039 
7.502 
5.778 

90.4 
92.4 
92.9 

1983 
1984' 

34.861 
34.370 

7,683 
7.488 

9.026 
9.509 

1,527 
1,275 

5.320 
4.575 

5.135 
5.320 

94.8 
95.9 

1985, 
1986 

35.399 
37.369 

7.791 
8.368 

10.112 
10,122 

1.213 
1.312 

3.466 
3.025 

4.575 
3.466 

96.8 
97.8 

1987 39,101 8.871 9.960 1.470 3,406 3.025 98.8 
1988, 
1989' 
1990 
1991 
1992 

38.704 
39.796 
41,836 
43.615 
45.217 

8.705 
9,028 
9,627 

10.145 
10,627 

10,389 
10,956 
10,927 
10,739 
10,712 

1.429 
1.510 
1.253 
587 
85 

3,150 
2,732 
2,685 
2.678 
2,678 

3.406 
3,150 
2.732 
2.685 
2,678 

99.8 
100.7 
101.6 
102.5 
103.3 

Average 37.085 8,314 9,721 849 4,369 4.927 96.7 

Drought and 
exchange 
shortage 
1979 
1980' 

32.968 
31.108 

7,423 
6,669 

7.309 
8,206 

0 
158 

10,602 
9.223 

10.488 
10.602 

85.9 
90.4 

47.78 

1981' 
1982 

31.559 
33.268 

6,749 
7.224 

9,013 
9.109 

438 
1.124 

7,397 
6,637 

9.223 
7.397 

92.4 
92.9 

1983 
19844 

34.861 
34.370 

7.683 
7,488 

9,026 
9.509 

1.392 
1.120 

6.686 
5,785 

6.637 
6,686 

94.8 
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 
1988' 
1989' 
1990 

38.704 
39.796 
41.836 

8,705 
9.028 
9,627 

10.389 
1)956 
10,927 

1.155 
1.195 
1.253 

3.465 
2,732 
2.685 

3.994 
3,465 
2.732 

99.8 
100.7 
101.6 

1991 
1992 
Average 

43.615 
45.217 
37.085 

10.145 
10,627 
8.314 

10,739 
10.712 
9,721 

587 
85 

849 

2,678 
2.678 
5,208 

2.685 
2.678 
5.766 

102.5 
103.3 
96.7 

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

It is assumed that a drought occurs in this year. 

45 



8 
CONCLUDING REMARKS 

The wheatrevolutiontripled lndia'swheat 
output from about II 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 sys,:em. Concessional sales remained 
between 4.5 and 8 milion tons ayear (as in 
most years since 1964). iut imports, which 
ranged between 3 and 8 miiiion to:s in all 
but two ' ears 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. As a result the 
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 about 8-9 milliontons a year over the next decade in both 
tnrm and year hes. needTver foth 
normal and drought years. The need for the
government to meet this demand is likely to 
remain because 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.5 2 

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 Table9, 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 enough 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.5 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 pre­sented in this paper, for every coming
calendar year, using the crop and foreign 
exchange forecasts and information aboutecag oeat n nomto bu
 
changes in exogenous quantities, which are
normally available to the government byNovember. 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 halfa million 
and amillion tonsofwheatin normalyears,
and little more than a million tons in drought 
years. 

Raj Krishna. Indias Sti'rhEconomy (Ahmedabad: Vikrarn A. Sarabai Ama Memorial Trust. 1981); and P.
V Sukhatme. vurniton and Poverrv. Ninth Lal Bahadur Shastri Memorial L.ecture (New Delhi: Indian Agricultural 
Research Institute. 1977j 
A A part of the loss from the wheat operation will thus he converted into planned outlays on formation ofrural material 
and human capital 
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APPENDIX 1:
 

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.5 4 At least 
five multi-equation grain models have also 
been estimated.55 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 availablc 
cereal models so far. It may be useful to 
review the specifications and limitations of 
these two models as background to Lthe struc­
ture of the wheat model presented in this 
report. 

The Blandford and 
von Plocki Model 

The equations of the Blandford and von 
s 7Plocki model are

A= f, (A1 , . P,, R, N), (BVPI) 

where
 
A = area sown with cereals,
 

P = the deflated wholesale price index for 
cereals, 

R = the rainfall index, and 

N= population. 

Y f2 (R, T), (BVP2) 
where 

Y= cereal yield, and 
T time trend. 

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. 

I = f4 (QS, Ql), (BVP4) 

where 

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

14 In some of these studies, area or output response functions were estimated (for example, in I. J. Ahluwalia, Behavior 
of Pnces and Outputs in India [Delhi Macmillan and Co.. 19791: and Krishna and Raychaudhuri, Some Aspects of Wheat 
and Rice Policv) In others, demand equations were estimated. (Examples are S. Birla, "Regional Demand Analysis of 
Major Foodgrains in India" [Ph.D. thesis. University of Illliris. 19701; and Pandey, "The Analysis of Demand for 
Foodgrams" I Marketed surplus functions and price determination functions were also estimated (examples of the 
former are in Rat Krishna. "The Marketable Surplus Function for a Subsistence Crop," Economic Weekly February 1965: 
and Pranab K Bardhan and Kalpana Bardhan. "Price Response of Marketed Surplus of Foodgrains," Oxford Economic 
P5pers 5 1[ro 2. 19631. examples of the latter are in R. Thamarajakshi. "Determinants of Wheat Prices," Agrirultural 
Situation in India 14 [May 1970[: 120-136: and N. Krishnali. "Wheat Price Movements." Economicand Political WeeklW 
June 30, 1973, pp A.42 - A-53. both were also estimated in Ahluwalia. Behavior of Prices and Outputs). 
" Jitendar S Mann. "The impact of Public Law 480 Imports on Prices and Domestic Supply of Cereals in India," 

Amenran Journal of,.1gnculturalEconomics 49 (Februarv 1967) 131-146: Hjoward Ba~rum. 'Simulation of the Market 
for roodgraInsn In idia. .Imencan JoumaloflgrirulturalEconomics53 (Ma, 1971): :19-274: Keith D. Rogers. Uma K. 
Sri, astas a. antl Earl 0 1lead,. "Modified Price. Production. anrl Income Impacts of Food Aid Under Market Differ­
entiated Distributio ," ..imencanJournalofAgnculturalEconomics 54(May 1972) 201-208: Guptla. PublicDistnbutionof 
Foodgroans; and Blandford and son Plo-ki, 'Evaluating the Disincentive Effect." 

' All of these studies are on cereals ant foodgrains: but a disaggregated study of wheat is essential because, though 
rice dominates Intian 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 a, erages for five , ears 1I973-771.) Besides. four of the five studies used ,me series 
onl up to 1968 and one 1Gupta. Publc Dlsrnbution ofFodgrains) used only ten observations (1966-75). 

The subscript it) is suppressed But the subscript (t I) is retained where a variable is lagged. 
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QI - an index of industrial production. adjustment. Since the major demand substi­
tution in the wheat market is the one between 
the open market and the concessional mar-

M= fs (QG, FX), (BVP5) ket,deflated prices in both markets need to 
be entered in the demand (or absorption)where function (BVP3). The income-grneration 

M - commercial imports, equation (BVP4) is evidently too simplified. 
QG - the expected "food gap," and The processes of national income generation 

are too complex to be endogenized in a sector 
FX - effective level of foreign exchange re- model. Therefore aggregate income is better 

serves, kept exogenous in a commodity study. 

W= f6 (QG. S, PR), (BVP6) 

where The Gupta Model
 
W = withdrawals,
 The four equations of the Gupta model 
S - beginning period stocks, and are: 
PR = internal procurement of cereals by the 

government. 
OyP f, (PR,_, A,_,, T), (GI) 

(BVP7) whereQS- A x Y. 
QP= net grain production per capita,

QD - 0.87 5 QS + M - W + PL480, (BVP8) PR = the ratio of the grain price index to the 

where nongrain crop price index, 
QD = total consumer demand for cereals, A = the area index, and 

and T = the yield index. 

PL480 - total food aid imports. 

QPG= f2 (PPD,_,, QPD,_,, PFG, QP), (G2) 
QDC= QD/N. (BVP9) where 

IC- I/N. (BVPIO) QPG- grain procurement per capita, 
PPD - the deflated government issue price 

QG - QM - 0.875 QS - PL480, (BVPI I) index, 
where QPD = concessional sales per capita, and 

QM - the phy ,ologically necessary mini- PFG = the deflated grain price index.
 
mum requirement of cereals.
 

QOM- 3 (PPD, Y, QPD, PFG), (G3) 
This model can be usefully amended in 

several ways. 'here is no direct government 
purchase equation or a direct concessional QOM = open- market grain demand per cap­
sales equation in the model; these can be ita, and 
included. A proxy for technological change Y - real income per capita.
 
needs to be entered in the area function
 
(BVPI) instead of population, for farmers'
 
land-allocation decisions depend on expected QP - QPG + QOM. (G4)
 
profit that, in turn, depends on expected
 
productivity as well as expected prices. Rela­
tive price and lagged yield variables need to This model, too, can be improved. Con­
be added to the yield function (BVP2), for cessional sales and import equations need
 
input use responds to prices with a lagged to be added. The government issue price is
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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 
Ratio of 

Govern- Total Government Sup.
Calendar ment Avail-

Years Supplies ability 


(million 	metric tons) 

1951-55 4.6 57.6 
1956-60 3.9 66.8 
1961-65 6,5 77.9 
1966-70 11.1 81.9 
1971-75 104 93.3 
1976-80 11.5 105.1 

plies to Total 
Availatility 

(percent) 


8.0 
5.8 
8.3 

13.6 
11.1 
10.9 

Wheat 
Ratio of 

Govern- Total Government Sup. 
ment Avail- plies to Total 

Supplies ability Availability 

(million metric tons) (percent) 

2.0 6.6 30.3 
2.8 10.8 25.9 
4.6 14.3 32.2 
6.4 18.1 35.4 
6.1 23.6 25.8 
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 
Statsrics. various issues (Delhi: Controller of Publications, various years). 

Table 16-Share of wheat in total foodgrain availability and concessional sales, 
1951-80 

Concessional Sales: 
Ratio of Wheat 

Calendar Years to Foodgrains 

1951-55 43.5 
1956-60 71 8 
1961-65 708 
1966-70 57.7 
1971.73 58.7 
1976-80 60 0 

(percent) 

Availability: 
Ratio of Wheat 
to Foodgrains 

11.5 
16.2
 
18.4 
22.1 
25.3
 
27.2
 

Sourr es 	 Centre for Monitoring the. Ind ian Economy. Basic Stutistics Relating to the Indian Economy (Bombay: CMI E. 
1980). a.l India. Mmistrn of Agriculture, Directorate of Economics and Statistics. Bulletin on Food Statistics. 
various vssues (Delhi. Controller of Pitihlirattons. .arious years). 
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Table 17- Procurement of wheat and all Table 18- Imports ofwheat and all food­
foodgrains 1951-81 grains. 1951-81 

Forid- Ratio ofWheat Ratio of Wheat 
Wheat grain Procurement Food. Imports to 

?rocure- Procure- to Foodgrain Wheat grain Foodgrain 
Year ment ment Procurement Year Imports Imports 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 

15 440 85.77
1955 ... 1955 513 

Average 361 2.168 16.65' Average 1.593 2,421 65.80'
 

37 . 1956 1.104 1,372 80.47 
1957 ... 294 
1956 ... 


... 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 3.85! 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 a 

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 6.86' Average 4.521 5.068 89.21' 

1966 219 4.009 5.46 1966 7.827 10.311 75.91
 
1967 779 4.462 17.46 1967 6.400 8.659 73.91 
1968 2,3"3 6,805 34.86 1968 4.766 5,671 84.04 
1969 2,417 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 5.0V8 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 5,470 11.098 49.29 1978 ... ... 100.00 
1979 8.000 13,846 57.78 1979 ... ... 100.00 
1980 5.866 11,168 52.53 1980 ... ... 100.00 
Average 6.225 11.788 52.814 1981 777 777 100.00
 

91.21'
 
1981 6,585 12.729 51.73 Average 1.193 1,308 


Source: India. Ministry of Agriculture. Directorate of 
Source: India. Minist iof Agriculture, Directorate of Economics and Statistics. Bulletin on Food 

Economics and Statistics, Bulletin on Food various issues (Delhi: Controller ofStatistics, 

Sratistics various issues (Delhi: Controller of Publications, various years). 
Publications, various years). 

•This as the ratio of the average T This figure was derived as the ratio of the averagefigure was derived imports for the period, 
tonnage 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-

Year 
Procure-

ment 

Procurement 
to Conces-
sional Sales Imports 

Imports to 
Concessional 

Sales 
Stock 

Reduction 

ducti!n to 
Concessional 

Sales 

Conces. 
sional 
Sales 

(1.000 1percent) (1,000 (percent) (1.000 (percent) (1,000
metric tons) metric tons) metric tons) metric tons) 

1961 20 0.67 3.090 103.59 -127 -4.26 2.983
 
1962 0 0.00 3.249 100.,7 -28 -0.87 3,221
 
1963 5 0 13 4,071 106.68 -260 -6.81 3.816
 
1964 90 1.33 5.621 82.84 1.074 15.83 6,785
.965 375 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 -2j.69 5,755
1969 2.417 46.52 3,090 59.48 -312 -6.00 5.195 
1970 3.183 59.53 3.425 64.05 -1,261 -23.58 5 -4-1 
1971 5.088 114.21 1.814 40.72 -2,447 -54.93 4,i.:, 
1972 5.024 86.57 314 5.41 465 
 8.02 5,803
 
1973 4.531 63.55 2,414 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 6.618 131 96 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 
issues jDelhi Controller of Publications. various yearsl. 

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

Ratio of Procurement 
Marketing Year to Output 

1959/60 	 2.98 
196061 	 3.53
 
1961,62 	 1.82
 
1962,63
 
1963.64 	 0.84 
1964.65 	 0.95 
1965,66 	 3.78
 
1966i67 	 1.90 
1967,68 	 7.84 
1968,69 	 13.89
 
1969,70 	 12.80
 
197071 	 1589
 
1971 72 	 21.40 
1972/73 	 18.96 
1973 74 	 18.32
 
1974,75 	 8.98 
197576 	 16.80 
1976 77 	 22.89 
1977,78 17.80 
1978.79 17.25 
1979 80 
 22.51 

Sources 	 Raj Krishna and i S Ray ciaudhuri, "Some Aspects of Wheat Price Policy in India." Indian EconomicReview 
(October 19791. and India, Ministr of Agriculture. Directorate of Economics and Statistics, Bulletinon Food 
StatLstics various issues (Delhi Controller of Publications, various years). 

Note The marketing year ends in March The average ratio for 1959;60-1966167 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 

Year 
in Punjab 

and Har/ana P
All-India 

rocurement 
to All-India 
Procurement 

(1,000 metric tons) (percent) 

1967 630 799 78.8 
1968 1,572 2.373 66.2 
1969 2.145 2.417 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 
Total 30246 41,186 73.4 

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 

Number of 
State Period Years 

Bihar 1951/52-1953/54 3 
1965/66-1975,76 10 

Gularat 1951/52-1952/53 2 
1965166-1974/75 10 


Madhva Pradesh 1952/53-1953/54 2 
1965/66-1975/76 I1 

Rajasthan 1951/52-1953/54 3 
1967/68-1975/76 9 

Uttar Pradesh 1951/52-1952/53 2 
1966/67-1975176 10 

Punjab 1967/68 1 
(Mexican Varieties) 1968/69 1 

1969/70 I 
1970/71 I 
971/72 I 

1972173 1 
1973,74 I 
1974/75 1 

Difference Between the
 
Wholesale and Procurement
 

Prices of Wheat
 

1percent)
 

28.7
 
29.3 
32.4 
27.3
 

9.1 
17.2 
16.1 
19.9 
16.1 
18.5 
0.0 
0.0 
0.0 
0.0 
5.0 
9.0 
4.0 

10.0 

Sources 	 Ral Krishna and G S RaVchaudhuri. "Some Aspects of Wheat Price Policy in India." Indian EconomicReview 
iOctober 1979) The figures for Punjab are from D S. Sidhu, PricePolicy for Wheat in India (New Delhi: 5. 
Chand and Co. 1979) 
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Table 23- Difference between the cost of production and the procirement price of 
wheat, various states, districts, and years 

State/District/Crop 

Haryana 
Karnal, Rohtak, and Jind Tchsil of Sangrur 

Unirrigated wheat 
Irrigated wheat 

Bihar 
South Monghyr 
Shahabad 


Rajasthan
Pali 

Punjab 
Amritsar and Ferozepur 


Unirrigated wheat 

Irrigated wheat 


Ferozepur 

Desi wheat 
Mexican wheat 

Uttar Pradesh 
Meerut and Muzaffarnagar 


Unirrigated wheat 

Irrigated wheat 


Deoria 

Unirrigated wheat 

Irrigated wheat 


Muzaffarnagar 

Unhrrigated wheat 

Irrigated wheat 


Period 

1961/62 -. 1963/64 

1957/58 --1959/60 
1960/61 .- 1962/63 

1962/63 - 1964/65 

1954/55 - 1956/57 

1967/68 - 1969/70 

1955/56 - 1956/57 

1966/67 - 1968/69 

1966/67 - 1968/69 

Average Proportion
by Which the 

Procurement Price 
Exceeds the Cost 

of Production 

(percent) 

-23.3 
-28.6 

-27.0 
-37.9 

-29.2 

-14.0 
-1.5 

+11.0 
+30.0 

-21.0 
+8.0 

-39.6 
+21.0 

+41.0 
+66.0 

Source: Pj Krishna and G. S. Raychaudhuri. "Some Aspects of Wheat Price Policy in India." Indian EconomicReview 
(October 1979). 

Notes 	 The cost data are from samples taken from dibtricts 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. 
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Tablc24-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 6269 76.00 21.23 
1970;71 60.96 76.00 24.51 
1971 72 5971 76.00 27.28 
1972 73 67 10 81.00 20.72 
1973.74 74.34 105.00 41.24 
1974 75 8776 113.00' 	 28.76 
1975 76 9945 	 13.62
113 .0 0 ' 
1976 77 101 39 11000 	 8.49
 
1977 78 10845 112.10 	 3.74
 

Source 	 D S Sidhu. Pnce Polic for Wheat in India Ne.N Delhi: S.Chanl and Co., 1979). p. 75. 
Notes 	 The production ,ear runs frr.m July to Junf ,vid the marketing year from April to March. Thus the output of 

crop sear 1967 68 would be marketed in tle marketing year 1968/69. 

these figures include famil- supplied inputs %alued at market pri-es. 
b This figure includes the imputed salue of a special fertilizer subsidy (Rs 8 per quimtal of wheat). 

Table 25- Number of fair price and ra-
tion shops, 1961-78 

Table 26- Annual availability and con­
cessional sales of foodgrains 
per capita, 1961-78 

Number of 
Year Shops Concessional 

Year Availability S.Ales 

1961 47.370 
1962 50.052 (kilograms) 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 

59.554 
103.198 
109.881 
135.997 
141.815 
140.402 
138.777 
122.038 
121.032 
165.031 
200.6;5 
221.975 
240,210 
236.196 
238.622 
238.727 

1961 
1962 
1963 
1964 
1965 
1966 
1.7 
1968 
1969 
1970 
19'71 
1972 
1973 
1974 
1975 
1976 

171.1 
168.2 
162.0 
165.4 
175.3 
149.0 
146.5 
168.4 
162.5 
166.1 
171.1 
170.7 
154.2 
165.1 
148.7 
166 5 

8.99 
9.61 
11.21 
18.35 
20.89 
28.56 
26.11 
19.83 
17.81 
16.41 
14.18 
18.61 
19.82 
18.34 
18.73 
14.96 

1977 158.8 18.74 

Source India. Ministr of Agriculture. Directorate of 
Economics and Statistics. Bulletin on Food 

1978 
Mean 

172.4 
163.4 

15.95 
17.62 

SrtOU5. various issues (Delhi 
Puhications, various vears) 

Controller of Minimum 
Maximum 

146.5 
175.3 

28.56 
8.99 

Source: 	 India. Ministry of Agriculture. Directoratp of 
Economics and Statistics, Bulletin on hood 
Statstncs various issues (Delhi: Controller cf 
Publications, various years). 
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Table 27- Total absorption and conces- Table 28- Ratios of the issue price to the 
sional sales ofwheat 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 

13sue Price to the Issue Price 
(kilograms) Procurement to the 

Year Price Import Price
 
1961 28.75 6.79
 
1962 30.78 7.17
 
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
 
1969 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 42.81 10.35 1970 1.02G3 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 Statirtizs. Bulletin on Food Economics and Statistics. Bulletin on Food 
Staistcs. various issues (Delhi: Controller of Statistics. various issues (Delhi: Controller of 
Publications, various ',ears). 	 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 
Import Pnce 

to the Domestic 
Year Wholesale Price 

1961 0.9321 
1962 09422 
1963 09698 
1964 o.,'IqI 
1465 0660. 
1966 	 0.7095 
1967 	 08626 
1968 	 07819 

1969 	 0.7418 

1970 	 07400 
1971 	 07667 

1972 	 I 1892 
1973 	 1 3258 
1974 	 I0820 

1975 	 1 2764 
1976 	 I 3692 
1977 	 15022 
1978 	 I 5235 

Ratio of the Ratio of the 
Import Price Import Price 

to the Unit Value to the Procure­
of Imports ment Price 

1.0204 	 1.0003 
I1117 	 10111
 
1.1041 0,9622 
I 2051 1.0718 
1.0615 0.7516 
08467 0.7378 
1.3088 0.6174 
I2567 	 0.7787
 
1.2184 	 0.7616
 
1 2482 	 0.'804 
1.3366 	 0.7764
 
2.0'42 1.2721 
17149 1.4827 
12291 1.4279 
12785 1.6208 
12286 1.5456 
1.5573 1.6745 
15238 1.6478 

Sources Centre for Monitoring the Indian Econom,. Basic Statistics RelatnR to the Indian Economy (Bombay: CMIE, 
1980). anki India, Minist of Agriculture. Directorate of Economics and Statistics. Bullenn ofFoodStat stcs. 
Sarious issues iDelhi Contioller of Publications. various ',ears) 

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

Coei;'.cient 
of Variation 

Year of State Prices 

1951 52 	 1926 
1952 53 1368 

1953 54 8.30 

1954 55 13 10 
1955 56 10.46 
1956 57 9 14 

1957 58 1446 

1958 59 15 55 

1959 60 1999 

196061 12 15 
1961 ,, 13.14 
1962 63 	 1009 
1963 64 763 
1964 65 3039 
1965 66 3243 
1966 67 23 27 
1967 68 2031 
1968 69 21 12 
196970 1072 
197 "71 	 1694 

1971 72 1503 
1972 73 1497 
1973 74 22 33 
197475 15164 

System 

. 
1.
 
L
 
L 
F 
F 

S
 
S
 
S
 
S 
F 
F 
F 
S 
S 
S 
L 
S 
S 
F
 
F 
S 
5 
S 

Source 	 Rdl Krishna and G S Rav-hauidh'irl. Some AspecIs of Wheat Price PohcN in India,' 
iOctober 19791 

Average for 
Zoning System 

13.59 

9.80
 

15.54 

10.29 

28.70 
20.31 

15.92 

1599
 

17,65
 

Indian Economic Review 

Notes 	 Lstands for alarge lone ssstem it, ,hich noement ,ithin agroup of slates is free Sstands for a single­
state sstem. in ,hir.h moenent outsile a state requires a license F stands for a %Nstem in Vshich 
inoement is not restricitd 
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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 iYC) 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 {I)PC) 2,69 

Sources 	 India. Ministry of Agriculture. Directorate of Economics and Statistics. Bulletin on Food Statistics, various 
issues IDelhi Controller of Publications. various years); India, Central Statistical Organisation. National 
Accounr-	 S'a:'=cs varnous issues (Delhi. Controller of Publications. various years). 

Table 32-Wheat imports and aid util- Table 33-Concessional .,nd total im­
ized, 1961-78 ports of wheat, 1961-78 

Ratio of Ratio of 

Year 

Value 
Whea, 
Imports 

Aid 
Utilized 

the Value of 
Weat Imports 
io Aid Utilized Year 

Total 
Imports 

Conces-
sional 
Imports 

Concesslonal 
Imports to 

Total Imports 

CRs million) Ipercent) (1,000 metric tons) (percent) 
1961 775 5 5.320 14.58 1961 3,090 3.090 100.00,
1962 918 6 6.990 13.14 1962 3,249 2.433 74.88 
1963 10286 9.290 11 07 1963 4.071 3.567 87.67 
1964 2.4192 11,390 21.24 1964 5.621 4.509 80.22 
1965 2.647 3 12.160 21 77 1965 6.573 6.297 95.80 
1966 4.2304 11.320 37.37 1966 7.784 7.649 98.27
1967 3.784 7 11.770 32.16 1967 6.348 5.086 80.12 
1968 2.i94 9 9.130 28.42 1968 4,766 4,766 100.00 
1969 1.843 3 8370 22.02 1969 3,090 2.700 87.38 
1970 1733 7 7.800 22 23 1970 3,425 2.649 77.34
 
1971 1.0260 8.210 12 50 
 1971 1.814 1.814 100.00
 
1972 481 6 6.050 796 1972 314
314 	 100.00a
 
193 3,461 0 8,030 43 10 1973 2.414 119 
 4.93
 
1974 6.981 8 9,680 72 13 1974 4.203 81 1.93
 
1975 120722 14.36O 8407 1975 7.016 
 995 14.18
 
1976 8.071 0 12.480 64 67 1976 5.832 581 9.96
 
1977 9358 10,760 
 870 1977 547 547 100.00'
 
1978 6607 10.940 604 1978 300 88 
 29.33
 b
Average 3.525 2.627 74.52

Sourt es 	The alues tf% heif imports are fron United 
Nations E-,ororinif. and Social Conmision Source. The figures for total imports are from India, 
for-Wsia arid the Pa firStattirtal 	 Ministry of Agriculture. Directorate of Eco­yearbook for 
.1nroand theParrfi F.SCP 1978) nomics and Statistics. Bulletin on FoodStatistics.(Banigkok 
The figures or .id wiilied are from the Re. varioUs Issues (Del.ia Controller of Publica­
serse Bank ol [ndi Report on (urrenc and tions, various years) The figures for conces. 
Finrne 'islssniesiBoiTga Resere Bank sional imports were provided by Barbara 
of India ,arionis searsi Iluddleston of the International Food Policy 

Research Institute 
In this year concessional imports exceed total imports.

They are. however, shown as equal to total imports, 
b This was "terived as the ratio of average imports. 
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Table 34-Wheat model: projections of exogenous variables, 1979 -92 

Foodgrain Deficit Foodgrain Deficit Irriga- General 

Year 

Aid 
Utilized 
(ADU) 

for Issues (DEF) 
Basic Drought 

Scenario Scenario 

for Imports (DEFM) 
Basic Drought 

Scenario Scenario 

tion 
Ratio 

(IRWI 

Price Index 
(1970/71-100) 

(PALL2) 

(Rs billion) (1,000 metric tons) (percent) 

1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

II 
II 
II 
II 
II 
II 
II 
I 1 
II 

10.584.4 
10,680.5 
10.776.7 
10,872.8 
10.969.0 
11,0650 
11,161.2 
11,2574 
11.3535 

10,584.4 
16,7/2.2 
13.822.5 
10.872.8 
10,969.0 
17.156.7 
14.2070 
11.257.4 
11.353.5 

12,755.72 
12,755.72 

-12,755.72 
-12.755.72 
-12,755.72 

12.755.72 
-12,755.2 
-12.755.72 
-12.755.72 

-12.755.72 
- 5,201.00 
-8,978.36 

- 12,755.72 
12,755.72 
-­ 5,201.00 
-8,978.36 

-12,755.72 
-12,755 72 

66.7 
67.5 
68.4 
69.3 
70.2 
71.1 
72.1 
73.0 
74.0 

204.4 
224.8 
247.3 
270.0 
299.2 
329.2 
362.1 
398.3 
438.2 

1988 
1989 
1990 
1991 
1992 

II 
I1 
II 
II 
II 

11,449.6 
11.545.8 
11.641 9 
11.7380 
11.834 I 

17.541.3 
14,591.6 
11,641.9 
11.738.0 
11.834.1 

12,755.72 
12.755.72 

-12,755.72 
-12.755.72 
. 12,755.72 

-5,201.00 
-8,978.36 

- 1.755.72 
-12,755.72 
-12,755.72 

74.9 
75.9 
76.9 
77.9 
78.9 

482.0 
530.2 
583.2 
641.5 
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 {PBG2I) (PCS) (PI) (PILL2) (PMI 

(Rs/quintal) (constant 1961 (Rs/quintal) 
Rs/kiogram) 

1979 1.0538 2.00 137.97 0.6750 164.37 
1980 10538 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 10538 2.00 201.96 0.6750 176.80 
1984 I0538 2.00 222.21 0.6750 197.83 
1985 10538 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 
I 98 1.0538 2.00 325.35 0.6750 269.01 
1989 1.0538 2.00 357.89 0.6750 288.17 
1990 1.0538 2.00 393.66 0.6750 308.70 
1991 10538 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 
11961-100) (1961-100) Population ment Price (1961 Prices) 

Year (PM) (PMM) (POP) {PP) (PP2) 

(million) )Rs/quintal) (Rs/kilogram) 

1979 5988 1488 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 6267 117.0 700.39 !63.35 0.6055 
1983 644.1 109.3 716.36 181.02 0.6055 
1984 7207 111.2 732.70 199.17 0.6055 
1985 797.3 110.1 749.40 219.07 0.6055 
1986 8541 107.0 766.49 240.97 0.6055 

(continued) 
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Table 34- Continued 

1987 914.9 
1988 980.0 
1989 1,049.8 
1990 1,124.6 
1991 1.200.0 
1992 1,200.0 

Output of 
Foodgrains 

Year (OFG) 

(million metric tons) 

1979 133.2 
1980 136.4 
1981 139.7 
1982 143.1 
1983 146.5 
1984 150.1 
1985 153.7 
1986 157.5 
1987 161.3 
1988 165.2 
1989 169.2 
1990 173.3 
1991 177.5 
1992 181.8 

103.9 783.96 
100.9 801.84 
98.0 820.12 
95.2 838.82 
92.2 857.94 
83.5 877.51 

Rainfall Unit Value 

Index Index of 


(Normal'- Market- All Imports 
100) Ing Cost (1958-100) 

(RAW) (ST) (UVIM) 

(Rs/quintal) 

100.00 32.85 394.35 
100.00 35.30 433.79 
100.00 38.00 477.16 
100.00 40.80 524.88 
100.00 43.90 577.47 
100.00 47.20 635.10 
100.00 50.70 709.62 
100.00 54.50 782.62 
10000 58.50 863.13 
100.00 62.80 951.91 
100.00 67.50 1.049.a4 
100.00 72.50 1,157.83 
100.00 77.90 1,274.94 
100.00 83.70 1,408.30 

265.1 I 0.6055 
291.61 0.6055 
320.77 0.6055 
352.84 0.6055 
388.10 0.6055 
426.95 0.6055 

Aggregate Consumption 
Consumption Expenditure 
Expenditure Per Capita 

(1970/71 (1970/71 
Prices) Prices) 

X) (XPC) 

(Rs 10 million) (Rs) 

35,791.05 546.77 
36,864.78 550.62 
37,970.73 554.50 
39,109.85 558.40 
40,283.14 562.33 
41,491.64 566.29 
42,736.39 570.27 
44,108.48 574.29 
45,339.03 578.33 
46,699.20 582.40 
48,100.18 
49,543.19 590.,J 
51,029.48 594.78 
52,560.36 598.97 

Notes: ADU: Foreign aid utilized is kept constant in nominal terms at about its value in 1978 (Rs I I 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 futute 
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: General domestic prices and the unit value of all imports are assumed to rise 10 percent a 

year from the base year 1978. 
PBG 21: The ratio of the price index of barley and gram to the general wholesale price index is assumed. (o

remain constant at its 1978 value. 
C5, 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 mde are interpolated. The 1978 PM was Rs 1.5 10 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 foodgrains is assumed to grow (in normal years) 2.42 percent a year. 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 between 12 and 20 percent.

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

XPC: Consumpton expenditure per capita - X;POP. 
Gross output lagged one year (Q11. the lagged ratio of the open-market wholesale price (PW) to PALL2. 

that is. PW 21, and the opening stock (SO) are endogenously generated for each year as the solution values of 
the preceding years' gross output (QI. 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 0.43 

1970 0.44 

1971 0.74 0.82 
1972 0.90 

1973 0.27 
1974 0.21 0.22 
1975 0.18 

1976 1.00 
1977 1.92 1.54 
1978 1.69 

Source: 	India. Ministr' 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 

A Coefficient matrix of endogenous variables in 
3SLS equations, 

AC Area under wheat. 

ACI AC lagged one year. 

ADU Total foreign aid utilized. 

B Coefficient matrix of predetermined variables 
in 3SLS equations. 

C Net aggregate cost of government operations. 

D Total demand (absorption). 

DEF Foodgrain deficit for issues 
DFG* - SPFG + PRFG. 

DEFM Foodgrain deficit for imports = 
DEF- SOFG- PRFG = DFG* - SPFG - SOFG. 

DFG* Desired total demand (absorption) for food­
grains computed as 163.4 kilogram. per capita 
per year, the average for 1961-78. 

DEFPC Foodgrain deficit for issues per capita. 

DPC Total demand (absorption) per capita. 

E Column vector of endogenous variables. 

FE FEA deflated by the UVIM index; 1958 = 100. 

FEA Foreign exchange available (total aid utilized 
plus exchange reserves plus export receipts). 

G Column vector of predetermined variables.... 

IM Total imports. 

IS Government issues (concessional sales). 

ISPC Government issues per capita. 

IRW Irrigation ratio: the ratio of wheat area under 
irrig3tion to total wheat area. 

PALL2 Wholesale price index for all commodities; 
1970/71 = 100. 

PB Wholesale price index of barley: 1970/71 - 100. 
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Unit 

Million hectares 

Million hectares 

Rs 10 million 

... 

Rs billion
 

1,000 tons
 

1,000 tons 

1,000 tons 

1,000 tons 

1,000 tons 

Kilograms per year 

Rs billion 

Rs 10 million 

1,000 tons 

1,000 tons 

Kilograms per year 

Percent 

... 



Symbol 	 Variable 

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 = lC.". 

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 (1970/71 	 = 100). 

PG 	 Wholesale price index ofgram; 1970/71 = 100.... 

PI 	 Government issue price. 

PI1' Government issue price. 

PILL2 Issue price (deflated): PI/PALL2. 

PM Import price: 1961 = 100.... 

PMM Import price (deflated): PM/UVIM.... 

POP Population. 

PP Procurement price. 

PP' Procurement price. 

PP2 PP/PALL2. 

PQR Wheat procurement/output ratio. 

PR Procurement. 

PVC Present value of cost C over the projection 
period (1979-92). 

PW Open market wholesale price; 1961/62 - 100. 

PW2 PW/PALL2. 

PW21 PW2 lagged.... 

Q Gross output. 

Qi Q lagged one year. 

RAW Rainfall index Ior wheat; normal = 100.... 

SC Closing stock with the government. 

SO Opening stock with the government. 

SOFG Opening stock of all foodgrains with the gov­
ernment. 

SP Supply available for human consumption from 
the output of wheat: 0.879 Q. 

Unit 

Rs per quintal 

Rs per ton 

Rs per quintal 

Million 

Rs per quintal 

Rs per ton 

Rs 100 per quintal 

Percent 

1,000 tons 

Rs billion 

1,000 tons 

1,000 tons 

1,000 tons 

1,000 tons 

1,000 tons 

1,000 tons 
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Symbol 	 Variable 

SPFG 	 Net production or supply available for human 
consumption from foodgrain output: 87.5 per­
cent of output. 

ST Average carrying cost. 

URXR Ratio u,":-,ban consumption expenditure per 
capita to rural consumption 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. 

X Aggregate real consumption expenditure;
1970/71 prices. 

XPC Aggregate real consumption expenditure per 
capita; 1970/71 prices. 

XRPC Rural consumption expenditure per capita. 

XUPC Urban consumption expenditure per capita. 

YC National income; 1970/71 prices. 

YD Yield. 

YDI YD lagged one year. 

YPC National income per capita; 1970/71 prices. 

Unit 

1,000 tons 

Rs per quintal 

... 

Rs per quintal 

Rs 10 million 

Rs 10 

Rs 

Rs 

Rs 10 million 

Kilograms per hectare 

Kilograms per hectare 

Rs 10 
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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 oftheestmaton he stuctralerid. ajo
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 
The erctin the dlated hat(PW2) equation was also adjusted so that 

the value of PW2 in 1979 (in the basic 

actual value in 1979 and 1980. 

Adjustments were also made in the inter­
cepts of the procurement (reduced by I 
million tons) and issues (raised by I 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 1969/7C and 
1979/80.58 This ratio is applied to '.he pro-
curement price to get the cost per unit 
procured. 

Distribution cost figu:es 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 FCI (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 
pricex issues, 

port-clearance cost = 0.078 procurement 
price imports, and 

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

Food Corporation of India. New Delhi, correspondence: Garg. State inFoodgrain 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. 

f4S4(PW2, P1LL2, X), (4) 
and 

IS= f(PILL2, PW2, DEF). (Table 2,
equation [81) 

The estimated OLS coefficients of these 
equations are given in Tables I 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 r..ative 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 not significant in the 
OLS equation (Table 2, equation (81) become 
significant in the 3SLS equation (Table 36, 
equation [41). And the price elasticity rises 
from -0.2 to -I. 1. 

Comparing the averages for the projection 
periodofthecaseswithandwithoutadeficit 
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 
(at3.1 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 196 1­
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 droughL sce­
narios it is 12.18 kilograms with DEF and 
11.84 kilograms with Xin the issue equation 
(Tables 7 and 39). But as was noted in Chap­
ter 7. average concessional sales per capita, 
even with Xin the issue equation(l 1.5 kilo­
grams), are II 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 Corstant Independent Variables 

2 Q 

3 D 

4 IS 

-25. 126.7' 
PBG2I 

-2,445 32c 
PW21 

6,229.98' 
RAW 

09767' 
IRW 

26.10314 
QI

0.67294 
I-6.56) (-169) (3.81) (587) (3.39) (5.66) 

00.141 10.631 10.501 10.661 

WAP PCS X 
-10,223.2' 3..2232"3944.56' 10984' .. 

(-3 02) (296) (297) (21.62) 
1 0411 10.461 11.511 

PILL2 PW2 DEF 
5.865.42 b 

(2.29) 
-9,402.82' 

)3.16) 
2 .64 4 .4 9 b 

(2.35) 
0.1238' 

(3.93) 
.. 

1 081 10.891 10.071 

Q 	 PP2 PW2
5 	 PR -3.695.77c 03135' 2,046.86c6 , 5 50 .0 6 b 

(-2.14) (14.93) (2.40) (-1.60)12 201 !1.5i81 1 451 

PMM ADU DEFM
6 IM 7,320.89' -3.530.4' b 0 1814' ... .2 8319 

(3.19) ) 3.52) (2.16) (3.75) 
1 1.171 10711 [0.381 

Notes The figures in parentheses are t-values Those in I'rackets are the elasticities of the variables at their means. 
Q is gross output. D is total demand (absorption). ISstands for government issues (concessiondl sales)

and PR. for procurement I is total imports 
AD." is total foreign air utilized DEF is the foodgrain deficit for issues, and DEFM is the foodgrain deficit

forimports IRW is the ratio of irrigated wheat area to totalwbeat area. PBG21 is the ratioof the price index of 
the major substitutes forw,,heat in production to the wsholesale price index, lagged one year,and PCS is the 
ratio of the price index of the malor substitutes for w,,heat in consumption to the wholesale price index. 
P11.1.2 isthe deflated price of issues, PMM is the deflated price of imports. PP2 is the ratio of the procoirement
price to the wholesale price index for all commodities. and PW2 is the ratio of the open market wholesale 
price to the ,,holesale price index for all commodities. PW21 is PW2 lagged I year. Q is gross output. QI is Q
lagged one %ear WAP is the veighted average of the market wholesale and concessional issue prices of 
wheat. X is aggregate real consumption expenitures 

This coefficient issignificant at the I percent level 
This coefficient issignificant at the 5 percent level 
This coefficient is significant at the 10 percent level. 

68 

http:7,320.89


Table 37- Wheat model: programming projections with exports allowed, minimum 
opening stocks one fourth of issues, and grain deficit linked with issues, 
1979-92
 

Index of 
the Deflated Present 

Scenario/ 
Year 

Output 
IQJ 

Procure. 
ment 
(PR) 

Issues 
(IS) 

Imports 
(IM) 

Closing 
Stock 
(SC) 

Opening 
Stock 
(SO) 

Market Price 
(1960/61-10G. 

(PW2) 

Value of 
Cost 

(PVCI 

(1.000 metric tons) (Rs billion) 

Basic 30.71 

1979 
1980 
1981 

32,040 
32,701 
33.516 

7.080 
7,239 
7.377 

7,875 
8,191 
8,252 

-5,234 
703 
126 

4,458 
2,804 
2,056 

10,488 
4.458 
2,804 

88.1 
89.2 
92.0 

1982 
1983 

34.631 
35.889 

7,632 
7,978 

8,222 
8,257 

599 
298 

2,064 
2,083 

2.056 
2.064 

94.2 
95.3 

1984 
1985 
1986 
1987 

37.1 15 
38.343 
39,483 
40.652 

8,313 
8,672 
8,981 
9.321 

8,331 
8.486 
8.651 
8,883 

57 
144 
271 
366 

2,122 
2,163 
2.221 
2.294 

2.083 
2.122 
2.163 
2.221 

96.3 
96.9 
98.0 
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 
1991 

43.888 
45.003 

10,236 
10.537 

9.806 
10.098 

358 
366 

2,524 
2.598 

2.451 
2,524 

100.8 
101.8 

1992 46.156 10.850 10,392 457 2,598 2.598 103.0 

A'erage 38.857 8.844 8.866 541 2.487 3.050 96.6 

Drought 
1979 32.040 7,080 7.875 2.580 7,113 10,488 88.1 

35.59 

1980 30.803 6,487 8,830 0 4.769 7,113 93.0 

1981, 
1982 
1983 

31.717 
33.',16 
35.592 

6,633 
7.340 
7.885 

8.772 
8.441 
8.426 

151 
887 

1.250 

2,781 
2.56"7 
3.277 

4.769 
2,781 
2,567 

96.3 
95.8 
95.3 

1984' 
1985, 
1986 

35.013 
36,208 
38.470 

7.566 
7.846 
8,596 

9,274 
9.260 
9.034 

1.064 
1.042 
459 

2,632 
2.260 
2.276 

3,277 
2.632 
2,260 

98.5 
100.8 
09.7 

1987 40.151 9,142 9.105 211 2,525 2.276 99.1 

1988, 
1989, 
1990 

39,574 
40.707 
43.015 

8,847 
9.084 
9.826 

10,100 
10,148 
9,926 

1.264 
1.008 

126 

2.537 
2,481 
2.507 

2,525 
2,537 
2,481 

101.8 
104.6 
104.0 

1991 
1992 
A.erage 

44,794 
46.207 
37,729 

10,403 
10,843 
8,398 

10.029 
10,300 
9,252 

306 
-542 
288 

2,575 
2,575 
3.063 

2.507 
2,575 
3,628 

103.5 
103.5 
98.8 

Drought and 
exchange 

shortage 
1979 
1980W 

32.040 
30.803 

7.080 
6.487 

7.873 
8,830 

940 
246 

8,753 
6.163 

10,488 
8.

7 
53 

88.1 
93.0 

37.60 

1981, 
1982 

31.717 
33.916 

6.633 
7,34 

8,772 
8,441 

211 
681 

3.812 
3,393 

6.163 
3,812 

96.3 
95.8 

1983 35.592 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, 
1986 

36.208 
58.470 

7.846 
8.56 

9.260 
9.039 

727 
459 

2.2r') 
L.. 

2.947 
2.260 

100.8 
99.7 

1987 40 151 9.142 9,101 385 2.698 2.276 99.1 

1988, 
1989" 

39.574 
40.707 

8.847 
9.084 

10.100 
10 1.18 

1.091 
1.008 

2,537 
2,481 

2.698 
2.537 

101.8 
104.6 

1990 43015 9,826 9.926 1Z5 2,507 2.481 104.0 

191 44794 10.403 10.026 306 2.575 2.507 103.5 

1992 
Aserage 

46,207 
37 729 

10.843 
8.398 

10.300 
9.252 

542 
288 

2,575 
3.489 

2,575 
4.054 

103.5 
98.8 

Itis assumed that a drought occurs in this ear 
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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 (QJ (SO) (PR) JIM) (IS) (SCI (PW2) IPVC) 

(l.000 metric tons) (Rs billion) 
Basic 

Exports allowed. mini­
mum SO one fourth 
of IS 38,896 2.981 8,883 752 8,697 2.414 96." 29.2 

Exports allowed, mini­
mum SO one fourth 
of IS. and deficit­
related IS 3e.857 3.050 8.844 541 8.866 2,487 96.t 30.71 

Difference (percent) 0 1 2.3 -04 28.1 1.94 3.0 -0.1 5.2 

Drought 
Exports allowed. mini­

mum SO one fo;,rih
of Is 37,852 3.352 8,464 -13 9,015 2,785 99.1 32.7 

Exports allowed. mini­
mum -O one fourd;
 
of IS. and deficit.
 
related IS 37.729 3.628 8,398 288 9,252 3,C3 98.8 35.6 

Difference (percent) 0.3 8.2 - 0.8 .. 2.6 10.0 -0.3 8.9 

Drought and exchange shortage 
Exports allowed, mini­

mum SO one fourth 
of IS 37.852 3.871 8.464 IS 9,015 3,303 99.1 35.2 

Exports allowed. mini.
 
mum SO one fourth
 
of IS. and deficit.
 
relate' IS 37.729 4,054 8,398 288 3,752 3.,489 98.8 37.6
 

Dlffel'ence (perent) 03 4.7 08 . . 2.6 5.6 -0.3 6.8
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Table 39- Wh=.at model: projections of total annual absorption and concessional
 
issues of wheat per capita, with grain deficit linked to issucs. 1979-92
 

Basic 
Year Scenario 

1979 4424 

1980 443" 

1981 4430 

1982 4450 

1983 4443 

1984 44 55 

1985 4473 

1986 4485 

1987 4302 

1988 45 19 

1989 45 36 

1994) 4548 

1991 4560 

1992 45 71 


A ,rage 4487 


Absorption 
Drought and 

Drought and Ex-
change Shortage 

Scenarios 

4424 

4394 

4384 

44.14 

4443 

4434 

44.36 

44.69 

44.97 

4494 

4493 

45,19 

4546 

4567 


4465 


Ratio of a.erage issues to ahsorptioni (perrert 1 


1kilogramnr! 

Basic 

Scenario 


1203 

1223 

1205 

11.74 

11.53 

11,37 

11.32 

11.29 

I133 

11.44 

11.59 
11.69 

11.77 

1184 


11.66 


25.99 

Issues 
DrouCht and 

Drought and Ex. 
change Shortage 

Scenarios 

12.03
 
13 19
 
1281
 
12.05
 
11.16
 
12.66
 
12.36
 
11.79
 
11.61
 
12.60
 
12.37 
11.83
 
11.69
 
11.74
 

12.18
 

27.28 
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