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FOREWORD 

The world has gone through some extreme fluctuations in grain 

supplies over the past two decades. In the late 195Os and early 196Os 

supplies were quite large and the United States built up huge stocks. 

Then with drought over the India subcontinent in 1966-67 higher 

prices for grain and greater hunger occurred. Yields then returned to 

normal before the large crop shortfalls in the U.S.S.R., Africa and 

parts of Asia in the early 197O's. Beginning with 1977, stock grain 

production again was large and nations were adding to stocks. 

With limited buffer stocks, countries such as India suffer 

considerably from these large fluctuations in production. This 

instability impinges on consumers both through price and unavailability 

of food. 

S. K. Ray looks at buffer stocks as a problem of food management 

policy in India. He proposes government grain stocks, built up during 

favorable production years and released in years of crop shortfalls, 

as a major element of food management policy. He considers the problem 

from the standpoint of both the nation and its individual regions. He 

considers that an appropriate buffer stock program should stabilize 

prices for farmers as well as consumers. 

He analyzes the effect of weather on crop output and measures 

historic variations in it. He develops and applies a stochastic 

simulation model to evaluate the costs and benefits of a buffer stock 

program operating under different storage rules. 
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I . INTRODUCTION 

The Problem of Food Management in India 

India ' s performance in agriculture showed a rising trend through 

1 
the first four Five-Year Plans . From 1950 the r ate of increase in the 

production of food grains
2 

was 2 . 8 percent per year, a level which ade

quately covered the population growth rate of 2 . 1 percent per annum during 

the corresponding time period (Randhawa, 1977) . 

The situation was different, however, when the performance of the 

individual states is considered . There was gr eat disparity among states 

in production i ncreases and in some states growth in food production did 

not match growth in population . Moreover, the concentration of population 

was extremely skewed, varying from 400 persons per square kilometer in 

the highly industrial state of West Bengal to 60 persons per square kilo

meter in the semi- arid state of Rajasthan. As a result, some states were 

chronically deficit in grains, some had surpluses and others were on the 

margin . 

Also, the multiplicative effect of increased income resulting from 

planned development caused demand for food grains to increase faster than 

population growth . During this period money income rose faster than the 

1
The first four Five-Year Plans covered the periods 1951-55, 1956-61, 

1961-66 and 1969-74. 

2 
Throughout this and subsequent chapters, food grains refer to both 

cereals and pulses. Rice, wheat , jowar (sorghum), bajra (spiked millet), 
maize, ragi (finger millet), barley, and small millets form the cereals 
group in food grains . 

1 



• 

2 

rate of increase in real national product, cr~ating an infJationary 

pressure on the economy. Further , with a fairly inelastic demand for 

food grains, prices were most sensitive to the demand-supply gap . Thus , 

the problem on the food front became worse . 

The distribution of income gains arising from planned development 

was not u11i fo r m among people or among regions . Because of the widespread 

disparities in purchasing power, it was feared that the free market 

mechanism would fail to assure equitable distribution of available sup

plies to each of the states and their various population strata at reason

able prices. Consequently, welfare considerations spurred governmental 

intervention. 
3 

Year-to-year fluctuations in the production of food grains 

also caused a great deal of fluctuations in their prices . Because of the 

lack of storage facilities farmers were not able to influence the intra

year and inter-year price fluctuations . Hence, uncertainty both plagued 

the income prospects of the farmers and weakened incentives to adopt new 

cultivation techniques. 

Until 1964-65, the government's price support commitments were not 

particularly positive for producers. The policy was more consumer-oriented. 

Zoning, compulsory procurement, and credit restrictions all acted as dis

incentives to producers (Cummings, 1967; 1968; Herrman, 1964). Then, 

the two severe drougl1t years of 1965-66 and 1966-67 brought about a decline 

of 31 million tons in food gralus production For this two-year period 

3 
The Constitution of India puts direct responsibility 011 the government 

for the welfare of her people. Article 38 of the Constit:ution states: 
" The State shall strive to promote the welfnrc of the people by securing 
and protecting, as effectively as Lt may, n social ordee in which justice, 
soc i al, economic and politica.1, shall infor1n all the institutions of nationa l 
Jife." 
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(Government of India , 1968b) . To meet the rising demand, larger quanti

ties of food grains were imported and distributed through fair price 

shops. The mounting cost of subsidies was made out of the public ex

chequer . In spite of concessional imports made under PL-480, the severe 

drought situation created a real crisis on the food front (Government of 

India , 1968c) . This crisis exposed public policy to intense scrutiny and 

criticism. Concerted efforts were initiated to increase production. Agri

culture in all its aspects, rather than merely food management, was given 

importance . 

With the availability of high-yielding varieties of food grain crops 

and the consequent introduction of the New Agricultural Strategy into the 

agricultural scene after 1965, food grains production in India is now 

increasing at a rate faster than in earlier years . In 1976, a record 

harvest of over 118 million tons of food grains was recorded. However, in 

the present transitory stage, it is very difficult to predict what will 

happen on the food front in future years . Any of three distinct situations 

is possible : (1) demand increasing at a faster rate than production, 

(2) demand increasing at a slower rate than production, and (3) the two 

gr owing at the same rate . In the absence of any policy measure, real 

prices in the free market will then record an upward or downward trend 

depending upon whether the rate of growth in demand is greater than or 

less than the corresponding rate of growth in production . These are ex

plosive situations, particularly in the present Indian context, and must 

be arrested . Evidently, policies under each of the above situations will 

be different depending upon the magnitude of the demand-supply gap. If 

• 
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production lags behind demand, need for imports nnd a curb on demand will 

become necessary. Similarly, jf production grows fnster than demand, ex

port markets will l1ave to be found or production, itself, will have to be 

curtailed. 

H0\'1Cver, neither the demand for nor the supply of farm products 

records a smooth trend. There are irregularities. Production in the 

agricultural sector is significantly influenced by extraneous factors, 

generally stochastic in nature. Agai11, becauhe of the overriding impor

tance of tl1e agricultural sector in the Indian economy, income and hence, 

demand. are likelv to fluctuate with fluctuations in outout. Such inherent 

stochastic characteristic· arc l,oun<l to i11troduce instabilitv in the price 

level, farm incon1e and the quantity consumed, if the forces of demn11d and 

supply are al]o\-1cd to opcr.ite freely in th( market. Th(> economic conse

quences of such instability affect producers' and consum~rs' interests 

and impedes over al 1 economic pr0\'1th . 

Aggregate production depends upon L11divldu~11 investment decisi<1ns 

of a larger number of farm managtrs. l( the production is to increase, 

income of viable farn1s should be such ns to p<?rn1lt their owners to risk 

investment in new technology. This 1s of spccinl importnnce in the con

text of the new ag1·icul tura1 strntegy recently introduced in the country . 

If it.: is assuml.!d a_ prior~ thnt fdrnt(•rs d0 respond tn price chc.1nges, then 

incentive prices for thc•ir produce, incluclinr, both slnbility and an nde

quate level, urc nc•cc•ssary pr(•r<:>quisitcs for rc..1is ing the level o[ output. 

'l'hcr.cf:or.c~ ;1 permanent solution is to h1.: sough1 Lhrour,h a \'1"1 L-(ormulated 

str.ategy th[1t snfeg11nrds hotli product•1·s' .ind c-c)ns11ml·rs' int0rests and recog

nizes Lhe prohabl<.! I l11ct:uc1Llons in pcod11cl io11 lt..'vels. 
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But can the pr oducers ' and consumers ' interests be protected 

simultaneously if the system operates in an environment of uncertainty? 

It will be shown in the next chapter that , in general, this is not pos

sible . A complete stabilization of farm incomes will result in price 

i nstability and hurt consumers ' interests; the reverse will follow if 

the consumers ' interests are completely protected . Evidently, the solu

t ion to these conflicting interests has to be sorted out in the realm of 

welfare economics with the objective of maximizing net social welfare . 

What policy instruments and , in particular, what operation rules can 

then l1elp to attain these objectives and at what cost to the society? 

We are addressing ourselves to a problem that is neither new nor 

confined to India . The problem has, however, assumed serious importance 

in recent years . India is basically a food-deficit country , but the 

potential for a breakthrough is now visible . To exploit this potential 

fully, to achieve the long-cherished desire of food self-support, rational 

economic policies must be pursued for farm firms to boost production 

However , in following any such policies , severe limitations arise because 

of the preponderance of a vulnerable population strata in the country . 

The sufferings of the underfed millions haunt the policy makers with 

the possibility of social unrest, and thus protection to the consumers 

assumes priority . Any ambitious program to safeguard both producing and 

consuming sectors ' interest is further constrained by the prevailing in

f l ationary situation and lack of adequate funds i~ the country . Moreover, 

unlike earlier years , food grains imports have now become costlier and a 

sensitive political issue . 
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Role of Government Stocks in 
Food Management 

When year-to-year fluctuations in production are wide and unpredictable, 

price stabilization is possible only through successfully controlling de

mand and supply. To maintain stability at a desired level, any excess 

supply above the stability requirement must be procured and stored for the 

lean years when supply falls short of the stability requirement. Thus, 

an effective way to achieve stabilization is maintaining government stocks, 

building them during years of relative abundance and releasing them in 

years of relative shortages. It is only the existence of these stocks that 

can provide the government a position of strength to influence prices. 

Past food management in India by the government did not follow this 

operational rule. The concern was more toward equitable distribution of 

whatever was available on a yearly basis; the need for stabilization over 

several years did not get adequate attention. The ease with which food 

grain was imported as a provision against future production shortfalls 

adversely affected the level of domestic production through the price 

disincentive effects and inadequate investments in agriculture. Barnum 

concluded that during the period 1957-64, imports of 28 million tons of 

PL-480 food grains depressed the path of domestic production and increased 

markedly the path of availability (Barnum, 1971). A similar conclusion 

was also reached by Manne. Consumption of the amounts available through 

imports, in addition to the domestic supply on yearly basis, induced a 

decline in domestic grain production (Manne, 1967). 
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The past, however, did provide opportunities to build up an adequate 

level of food grains stocks. If the relatively comfortable situation in 

the 1950s and the concessional imports under PL-480 were utilized in 

building up reserve stocks, the government could have reasonably buffered 

the sharp production shortfalls that occurred in the 1960s. The possi

bilities of such opportunities were pointedly illustrated through examples 

by Krishna (1967), Cummings (1969), and Barnum (1971). Although none of 

these authors examined the costs and benefits of such a program, the logic 

of the proposition was clearly demonstrated--to make provisions for the 

lean years, fat years must be trinnned above the tolerance limits and the 

excesses put into storage . 

The importance of maintaining government stocks for food grains 

management operations in India can be illustrated by considering a hypo

thetical situation of national self-sufficienc/ for all food grains. 

Assume first that demand and supply estimates are known with certainty 

and that they are free of fluctuations. At the all-India level, the 

country is self- sufficient on all items under food grains . Whatever is 

produced is consumed . There is no carry-over stock because domestic pro

duction is just sufficient to meet the needs with an absolute guarantee . . 

Even in this ideal situation of national self-sufficiency in food 

grains , regional problems will exist; the states, individually, will be 

either surplus or deficit. If inter-state trade is allowed to operate 

freely, grain will move from a surplus state to a deficit state only if 

4rhe phrase "self-sufficiency" is used to imply that domestic produc
tion is just sufficient to satisfy income-oriented human demand and the 
requirements for seed, feed and wastage. 
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the price in the latter is greater than the price in the former plus the 

cost of transportation . If the prices ar e deliberately kept at a uniform 

l evel across the country without other supporting measures, produc t ion 

in surplus states will be gradually depressed and a shortage situation 

will arise in the country . A certain degree of pr i~e variabil i ty over 

the countr y is , therefore, inevitable and necessary to induce movements 

from surplus to deficit states . If traders are allowed to operate free l y , 

price variability among the states is likely to be at a minimum only if 

the movements take place along the minimum cost transportation lines. 

Even then , prices in some states can appear too high for low income people . 

The answer suggested then will be a government-subsidized distribution 

for the low income people . The problem in this case is one of identify

ing the poorer section of the connnunity and taking adequate measures to 

safeguard its welfare . 

Suppose now that private traders are more motivated by profit than 

by social responsibility. They hoard and speculate . Hoarding, it must 

be noted , i s profitable only to the extent that the discounted expected 

price exceeds the current price plus the cost of hoarding. Therefore, 

the only way to reduce trade speculation is to increase the risk of specu

lation; i.e., influence the prices in such a way that traders cannot look 

forward to windfalls. 

There are two alternatives for achieving this end . The first is 

direct market intervention by introducing statutory price controls . This 

measure will obviously put the government in total massive food grains 

management operation. Market imperfections will result and will affect 
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both producers and consumers. Moreover, this approach can provide fruit

ful results only when price controls are rigorously implemented across 

the country, an accomplishment which is very difficult to achieve. In 

any case, it is a short-term measure which cannot continue indefinitely. 

The other alternative, more practical and appealing, is to encourage 

a free market backed by a position of strength to influence prices through 

public food stocks operation. This method will increase the risk of 

speculation and making hoarding costlier. Government-held stocks can 

thus buff traders' speculation. 

Food management problems become complicated as soon as perfect 

knowledge assumption is relaxed. Consider state-wise imbalances (instead 

of being fixed and known with certainty) which are random and fluctuate 

with certain probability distribution. Aggregate production might be 

above or below the total requirement. What will be the magnitude of such 

deviations, and when and where it will occur is not known with certainty 

and can at best be stated in probabilistic terms. Again, fluctuating 

output is likely to induce fluctuations in income and cause demand to be 

unstable.5 
Instability in demand and supply will cause surplus-deficit 

gyrations of uncertain magnitudes. Efficient and effective management of 

food grains will, therefore, need to take into account uncertainty in de

mands and supplies. 

If year-to-year fluctuations are wide and unpredictable, stabilization 

prices, farm income and consumption objectives of the government cannot . 

5
Barnum (1971) estimated the income-generating function with food 

grains production and the total central and provincial government expendi
ture as independent variables. The estimated equation provided a very good 
fit. 
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limits on the level of these random movements. Then we compute the 

probability of success for the movement to continue and cover the fixed 

duration and also the costs and benefits of such an action . Finally, by 

putting limits at different levels, we will compare the costs and bene

fits of the buffer stock programs of different sizes. 

The more specific elements of this study are : (1) an assessment 

of the future growth in food grains demand and supply and (2) an estimate 

of the probability distribution of the food grains output fluctuations. 

Some theoretical considerations involved in the operation of a buffer 

stock program for India are first considered in the next section. The 

following section then provides the dimensions of India's future food prob

lem in the context of the changing situation now occurring in the country . 

An assessment of the future regional imbalances in food grains is made 

here for the use in later chapters. The next section contains an analysis 

of the effect of weather on crop output . It traces the historical vari

ations in production for estimating the size of the buffer stock. The 

following section includes a stochastic simulation for evaluating costs 

and benefits of a buffer stock program under different storage rules, 

with and without imports. Finally, because the buffer stock program in 

India is inextricably interwoven with several other aspects of the food 

management program, the following outlines a systems approach for food 

management and examines the pricing policy and the interrelated procure

ment and distribution program of the government . 

This study has several limitations. No attempt is made to develop 

a generalized model of the agricultural economy relating to overall 



12 

economic development. We concentrate only on the food grains sector and 

assume that parallel, monetary, fiscal, and other policies for price and 

income stability will also be pursued. Moreover, because the focus is 

on future years, we make assumptions about the future course of events 

which can be challenged . Based on current knowledge and existing tech

nology, we attempt to provide answers as realistic as possible to these 

questions. 

• 
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II . STABILIZATION THROUGH BUFFER STOCK OPERATION 

Concept and Objectives of the Food 
Grains Buffer Stock Operation 

Prices are determined by the forces of demand and supply under a 

free market mechanism. Various exogenous and endogenous factors cause 

the demand and supply curves to shift over time. With these shifts the 

corresponding changes in equilibrium conditions may introduce variations 

in price, farm income, and also in the level of consumption. These vari

ations can be influenced by the operation of a buffer stock program. 

Given the nature and variability conditions surrounding demand and 

supply, the strategy of operating a buffer stock, releasing from it and 

replenishing it, will depend upon the objectives of the program. Stocks 

can be managed by producers to maximize income, by consumers to minimize 

cost, or by a third party to stabilize price, farm income, and consump

tion. In general, these goals are not complementary and the pursuit of 

one may conflict with other objectives . 

Our focus in this s tudy is on inter-year fluctuations in prices, 

farm income, and consumption. For obvious reasons they introduce uncer

tainty into the consumption availability and income prospects of farmers. 

The Indian government ' s intention is to reduce this uncertainty and, in 

the context of food self-support determination, through operation of a 

food grains stock. Such buffer stocks s hould be maintained by the govern

ment not only to reduce price fluctuations around a specified level but 
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also to reduce the variability of farm income and consumption from their 

expected growth paths. For longer-term policy planning, in the present 

Indian context, stocks can be manipulated to influence production, mar

keting, and consumption decisions in predictable, economically rational 

ways (Cummings, 1969). 

Necessary Conditions for Price Stability 

Consider a commodity whose demand and supply curves shift over time. 

Demand shifts because of growth in income and population while supply 

shifts because of growth in domestic production. There are no imports 

or exports of the commodity, and the demand and supply functions are of 

1 the form 

where: 

Dt 
• is 

st 
• is 

p • 
1.S t 

the 

the 

the 

quantity demanded in year t. 
' 

quantity supplied • in year t· , 

• . t· price lil year 
' 

At, B 
t are the intercepts; and 

1} and E are demand and supply elasticities, 

In equilibrium: 

or log At - r}log Pt= log Bt + Elog Pt 

log Pt (1} + E) = log At - log Bt 

respectively. 

1
The analysis that follows is not affected by the form of demand and 

supply curves. 
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• • 
A , P r 

t t 

dQt 

d 
t 

• 
A 

t 

quilibrium quant ty, differentiating this with resp ct 

1 dAt 1 
dP 

t - -1]-
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Farm income (Rt) can be written as 

differentiating with respect to time t, 

(4) 

• • 
Substituting the values of Pt and Qt from the equations (1) and (3), 

respectively, in equation (4): 

• • 
A - B 

t t 
(r, + E ) 

• • • • • 
Bt + T]At + E At - TJAt + TJBt] 

1 • • - [ (1 + E ) At - (1 - TJ) Bt] (5) (TJ + E) 

• • • 
Thus, p 

t' Qt, and Rt give rates of change • • in price, quantity, and farm 

income, respectively. 

Year-to-year changes in price will thus record an upward or downward 
• • 

trend accordingly as At§ Bt and the steepness of this trend will depend 

• • 
upon the magnitudes of At, Bt, and the elasticities of demand and supply. 

Given the rate of change in demand and supply, price will increase at a 

slower rate for elastic than for inelastic demand and supply curves . Again, 

depending upon the rate of change in demand and supply and their 

I 
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corresponding elasticities, the level of consumption will record a trend. 

If demand increases at a faster rate than supply, the consumption level 

will grow at a slower rate than demand; the reverse will be the case if 

supply grows faster than demand. Similarly, farm income will record an 

upward or downward trend accordingly as (A ;it) ~ [ (1 - r,) / (1 - E)]. 2 
• • • t 

Evidently, (Rt~>l > (Rt)r,=l > (Rt)r,<l and therefore, for a given rate 

of change in demand and supply, the rate of change in farm income will 

be larger for the elastic than for inelastic demand. 

Growth in demand and supply from one period to the next, however, 

seldom records a uniformly constant rate. These rates fluctuate and thus 

cause fluctuations in price, farm income, and consumption around their 

expected levels. The magnitudes of these variations are given by 

1 
(rJ + E) 

• • • • 
2[V(At) + V(Bt) - 2 Cov (At, Bt)] 

1 
[E

2
V(At) + r, 2

v(Bt) + 2r,E • • V(Q) Cov(At' B )] -
€) t (r, + t 

V(Rt) 
1 

2((1 + E)
2 

V(A) 
2 • -

€) + (1 - r,) V(Bt) (r, + t 

- • -2 (1 + E) (1 - r,) Cov (At' Bt)] 

where V(x) denotes the variance of the variable 'X' and Gov (X, Y) denotes 

the covariance between the variables X and Y. 

2 

from this 

• 
At (1 - T]) 

R < 0. r= as (1 + E) t > t ... 
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Consider the following three cases of (1) positively cor related , 

(2) uncorrelated, and (3) negatively correlated changes in demand and 

• • 
supply . These are equivalent to saying (1) Cov (At , Bt) > 0 , 

• • • 
(2) Cov (At , Bt) - 0, and (3) Cov (At, Bt) < 0 . Then, irrespective of the 

nature of demand and supply cur ves 

• • • • where V 1 , V 2 and V 3 are the variances when Cov (At, B t) > 0, Cov (At, B t) = 0 , 
• • 

and Cov (At, Bt) < 0, respectively . For farm income, however, 

< v3 (Rt), if demand is inelastic (n < 1) . Also, if the growth in demand 

• • 
is steady, i . e., V(At) = 0, then V(Rt) = 0 for n = 1. Thus, a demand 

curve with unit elasticity will always provide a fluctation-free growth 

curve for farm income if the growth in demand is steady . 

Necessary conditions for price stabilization through stocks can now 

be stated . As a long-term policy instrument, a buffer stock alone will 

fail to stabilize prices unless the expected rate of growth in demand and 

domestic supply is equal. If demand grows faster than supply and prices 

are to be stabilized through stocks there will be frequent runs on stocks 

and they will soon be exhausted. If supply grows faster than demand and 

prices are kept steady, there will be frequent buildup of stocks and 

they may soon exceed the country ' s optimum storage and capacity . It is 

only when the expected growth rates in demand and supply are equal that 

buffer stocks can be thought of as a usefuJ mechanism to moderate excess 

I 
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price fluctuations. • • 
- E(Bt) = r, then only E(Pt) = 0 and 

• • 
E(Qt) = E(Rt) = r; where E(x) stands for expected value of x. Under such 

a situation, price will fluctuate throughout the period around a particu

lar value while farm income and consumption will grow with fluctations 

around their respective growth curves. In particular, if r = 0, then 

throughout the period the variables Pt, Qt and Rt will not record any 

upward or downward trend but fluctuate around their respective initial 

values. Whether in the corning years food grains demand and supply in India 

will grow at the same rate is difficult to predict, but there is little 

doubt that both will be significantly greater than zero and record fluc

tuations. The stabilization objectives can thus be attained if the buffer 

stock programs along with other policy measures are operated so that 

throughout the period the growths in demand and supply are approximately 

• • • kept under equilibrium, and V(Pt), V(Qt) and V(Rt) are reduced. 

Evidently, success of the buffer stock program will depend upon the 

mean price level around which stabilization is desired. In general, this 

should be close to the price in the free market. If the mean price is 

deliberately fixed at a lower level than would prevail in the free market, 

a shortage and(or) scarcity situation will develop; on the other hand, 

if the mean price is supported at a higher level, the country will be bur

dened with a huge stockpile. And, whatever else is done during the short

age or surplus situation (such as rationing, a grow-more-food campaign, 

etc.), the thing that can bring demand and supply under equilibrium over. 

a finite number of steps, if they tend to grow at different rates, is a 

shift in the mean price level around which stabilization is sought. If a 
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shortage develops because of slow growth in production, a mean price 

fixed at a higher level will curb demand and boost production; if the 

situation is one of plenty because of high growth in production, a mean 

price fixed at a lower level will discourage production and encourage 

consumption. 

Conditions for Buffer Stock Operation 

Wtih the expected growth rate in demand and domestic supply equal, 

the success of a buffer stock program will depend upon the nature and 

variability of the demand and supply curves. With linear demand and supply 

functions such as 

D 
t a > 0 

which change by parallel shifts around their respective mean positions, 

-A = 

T -2 
- (a+ b)2 [bA 

The total income R, over a period of length Tis 
0 

-- -2 
+ (a - b) AB - aB] + T Cov (Pt, Qt) 

Sundrum (1971) showed that if a self-liquidating buffer-stock program is 

carried out over the period of length T (stock Yt is released or withdrawn 
T 

such that E Y = O) with the objective to stabilize price, then under 
1 t 

such a scheme the stabilized price will be 

- - T 
A - B 1 p I: p - -s a + b T 

1 
t 

I 

I 
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and the total farm income R under the stabilized price P will become 
s s 

the 

- R 
0 

Now, R § R accordingly as Cov (Pt, Qt)~ 0, 
s o T T 

weighted price (E P Q ) / (E Q ) ~ average price 
l t t l t 

i . e., accordingly as 
T 

(E P )/T. Thus, a 
1 t 

completely stable price over a period of length Twill be profitable to 

the producers only if the stable price thus determined (which is the aver-

. ( 1 
T 
E p ) is higher than the weighted price (which is the average age price T 
1 t 

price for the entire quantity over the period). In particular, R > R s 0 

when V(B) = 0 and R >R when V(A) = 0. The level of consumption will, t S O t 

however, fully fluctuate unless the demand is stable. Similarly, with demand 

and supply curves of constant elasticity which change over time, Sundrum 

(1971) showed that if a self-liquidating buffer stock program is carried 

out for price s tabilization, R < R for b > 0 and O <a< 1. 
S 0 

The implications of the above aspects of operating a stock program 

are now clear . If the instability in price, farm income, and consumption 

is due entirely to unstable demand, then a buffer stock program for com

plete price stabilization can completely stabilize farm income but not 

consumption ; the latter will fluctuate to the extent of changes in demand 

at the stabilized price. In particular, if the instability in demand is 

due to the income effect only , then operation of the price stabilization 

stock program would require augmentation of consumption in the years of 

good demand and restriction in the years of poor demand (i.e ., feed the 

• 
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boom years by starving the depression years). Boulding (1965) argues 

that this is most undesirable because, "The stability of one element of the 

economy--the income of the producers of the particular commodities stabi

lized--would be obtained only at the cost of unstabilizing what may be a 

much more important element in the economic, consqmption." 

Buffer stocks operation can be justified if supply fluctuations 

are more pronounced than demand fluctuations. In this case, also, there 

will be some undesired consequences unless demand and supply elasticities 

satisfy some specific conditions. For a stable demand function, f(Pt), 

with constant elasticity, 11, and a variable supply function, g(Pt) +Bt, 

with a constant elasticity, E, at its average position, Sundrum (1971) 

showed that if a fraction a of the supply shift is bought or sold by the 

buffer stock agency then the variabilities of price and farm income over 

time are given by 3 

V(P) - [P(l - a)/~(TJ + E)]
2 V(Bt) 

V(R) - [P(aE +11 +.:a-1)/(11+E)] 2 V(Bt) 

Thus, compared to the original situation of no stabilization (a= 0) 

a) comple~ed price stabilization (a= 1) will reduce the variability in 

farm income if 11 (1 - )/2; and b) complete farm income stabilization 

[a = (1 - 11) I (1 + c)] will reduce the variability in price if 11 < 1. 

3
These are derived from -

=Q- 11 • + •(Pt -f(Pt) - P) 

-- Q -g(Pt) = Q + E • • (P - P) -p t 
...... . --- . 

where Q is the average quantity, Pis the average price, Qt is the quantity 
in year t, and Pt is the price in year t. 

continued ..•. 
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If~ >l, then for complete farm income stabilization the buffer stock 

agency must increase both gluts and scarcities (since a is negative) and 

thereby increase variability in price and consumption. Again with 

1 > ~ > 
1 

- E , the purchasing and selling operations during good and bad 
2 

harvest years for complete price stabilization will increase the varia-

bility in farm income. 1 - E 
Only if ~ < --- < 1, the purcl1asing and selling 

2 

operations of the buffer stock agency during years of bumper and poor 

harvest will simultaneously reduce the variability in price, farm income, 

and consumption. 

Several observations can be made from the above results. First, for 

a meaningful buffer stock program the demand and supply functions must be 

inelastic. Second, simultaneous complete stabilization of price, farm 

income, and consumption through buffer stock operation is not possible; 

which provide 

and Rt - income in year t 

- pt Qt 

={P- (P/Q) {(l-a,)/(71 +t)} Bt}{Q+ {(at +71)/(71+ E)} Bt} 

=PQ+P {(aE +17)/(17+E)} Bt - P {(1 -a)/(17 +E)} Bt 

- (P/Q) l _(l - a) (CXE + 11_2_ l B 2 

(17 + E)2 ~ t • 

dropping the last term from the equation we get 
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fluctuations in them can only be reduced . Finally, since for T} <l, 

a= 
1 

- T}_ is also less than 1, it follows that the quantum of sale and 
1 + E 

purchase for complete farm income stabilization will be always less than 

for complete price stabilization for which a must be 1 . 

Thus, the buffer stocks program advocated herft for reducing the 

variability in price, farm income, and consumption will be meaninful only 

if (i) the basic cause of instability in them is due to fluctuating out

put and (ii) the demand and supply curves are inelastic . When these 

conditions are satisfied, the extent of relative stabilization of price 

and farm income will depend upon the operational strategy of the buffer 

stock agency. Evidently, complete stabilization of both price and farm 

income is not possible and, therefore, the operational strategy of the 

buffer stock agency will be to choose a such that the variability in price 

and farm income are reduced to desired levels. 

Justification for a Buffer Stocks Program: 
Some Empirical Evidence 

Some empirical results which follow seem to justify the operation of 

a stabilization stock program in India . For this purpose, the causes of 

fluctuations in past food grains prices in India (1952 through 1968) are 

first analyzed with the help of some single equation models. 4 

The past grain situation in India has been one of chronic food 

shortages. l.Jhi.le demand increased rapidly, domestic supply was erratic 

due to vagaries of weather and continuously lagged behind demand. The 

availabilities of different items under food grains recorded wide fluctu

ations and nonrecorded any noticeable upward trend. On the other hand, 

4 
For details, see Ray (1972). 

I 
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both real income and money supply increased steeply with corresponding 

repercussions on individual items of demand. 

Some economists (Shenoy, 1963) believe that the rise in prices was 

due to the effects of PL-480 counterpart funds on the country's money 

supply . This suspicion has some credence in the sense that the upward 

trend in money supply almost coincided with the imports under PL-480. The 

controversy is confounded by the operation of another factor. This is 

the inflationary effect of large-scale deficit financing by the government 

to meet plan expenditures. 

Because the rise in demand also is reflected in the country's money 

supply, and the money supply, subject to some considerations of velocity 

behavior, is an indicator of demand, inclusion of the money supply as an 

independent variable in the price equation seems appropriate. Further, 

since the past was a period of chronic food grain shortages and the 

government had very scarce stocks with which to influence prices, what

ever quantities were made available to the public were consumed straight

away. Availabilities for consumption were, therefore, likely to have 

some functional relationship with prices. 

Simple reasoning would lead to the belief that current prices are 

governed by current availabilities. However, there was some attempt by 

the government to improve upon a minimum quantity of food grains to the 

people over time. This concern, expressed through domestic production 

and imports, probably created expectation for food grains supplies and, 

hence, on prices. The actual change brought about in supply was, however, 

only a partial realization of the expected change due to a f all in 



26 

domestic production, difficulty in imports, or both . Thus, an appropriate 

single equation model to explain the price behavior of food grains is 

likely to have the following functional form : 

where : 

pt 
• 
lS 

M 
t 

is 

s • 
lS t 

Pt - f(M, S, S 
1

) 
t t t-

the • price index (calendar 

the money supply in year t 

year, 1952-53 = 100); 

(billion rupees per year); 

the per capita availability of food grains in year t 

and 

(kg/year) . 

A linear relationship of the above functional form when fitted to 

the data 1952 through 1968 (Table 1) for food grains as a whole, cereals 

as a group, and rice separately, provided the following results .5 

Food grains : 

Cereals: 

Rice : 

Pt - 299 . 80 + 3.23*M - 0 . 75*S - l.04*S 
(0.13) t (0.16) t (0.16) t-l 

Pt - 277.32 + 3.40*M - 0.73*S - l.24*S 
(0.11) t (0.17) t (0.26) t-l 

Pt= 190.32 + 2.8l*M - l.14*S - l.27*S 
(0.13) t (0.27) t (0.26) t-l 

R
2 

D-Statistic 

0.98 2.12 

0 . 98 2 . 17 

0.98 2.15 

(Figure in parentheses denotes standard error. Significance at 5 percent 

level is denoted by* . ) 

5
zero-order correlation coefficients between the independent variables 

in each of the above equations are not significant. 



Tabl,c 1. 'Reported and estimated prices of :food grai·ns as a "''hole _, cer,eals as a group, and rice -
1952 to 19688 

i'cnr 

1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 

:r,1oney 
Supply 

(Rs. bil.) 

-
18 . 0 
18.3 
19.6 
22 .. 2 
23 .4 
24.l 
25. 3 
27 ,. 2 
28 .. 7 
30.5 
33.1 
37 . 5 
40.8 
45 . 3 
49 . 5 
53.5 
57 . 8 

P,er Capita Availability 
(Kg . year) 

Food Grains Cereals Rice 

143.8 121.7 58 . 0 
140 .4 118.8 58.0 
150 .. 3 127 . 4 60 .S 
166 . 7 141.3 70.8 
!61 .. 7 135 . 8 65.6 
157 .. 3 131.6 68 . 7 
162 .. 9 136 . 7 70 .4 
148 . 9 127 .. 6 60 . l 
170.6 143 . 3 69 . 7 
163.7 139 . 8 68 . 5 
170.4 145.3 73 . 3 
168.S 145 . 8 74 . 2 
161 .0 139 . 3 67 .6 
164.3 145 . 8 73 . 2 
173.0 150 . 7 75 . S 
146 . 7 129 . 6 58 . 5 
144.S 130 . 2 55 . 5 
166.6 146 . 2 66 . 6 

Pri.ce i ·nd-e.x (Annual Av,erage , 1952-53•100} 
Estimated 

Food 
Re:eort,ed 

-

Grains C,ereals Rice Food ,Grai:ns Cer,eals 

- - -- ,_ 

99 .0 99 . 0 100 .0 103 101 
100 .0 100 . 0 102 .0 100 100 
81.0 84 . 0 86 . 0 ,82 83 
70 .0 73 . 0 76.0 76 79 
90 . 0 92.0 93 .0 89 93 
99.0 102 . 0 104 .0 Q? .... 97 

103 .0 105 .0 108 . 0 100 101 
104 .0 104 . 0 102.0 105 108 
103 .0 105 . C 109 .0 02 .. ' 96 
100 .0 102 . 0 105 .0 100 102 
105 .0 106 . 0 109 . 0 103 104 
111 . 0 112 . 0 122 . 0 125 123 
138 . 0 134 . 0 133 . 0 141 137 
149 .0 145 . 0 135 .0 145 141 
167 .0 16S . O 166 . 0 169 165 
219 . 0 207 . 0 201 . 0 211 204 
207 .0 205 . 0 211 .0 211 206 

.aSourcc : Basic data are fr-om Bulletin on Food Stat:istics , Ministry of Food _, Agriculture , 
uni.ty Development and Coop,eration , April, 1969. 

Rice 

-
101 

99 
88 
88 
9 
90 

103 
111 

N 

104 ....., 

105 
,, 

106 
1.24 
136 
138 
167 
203 
20 
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All the coefficients in the above equations are highly significant 

and are of appropriate signs. 6 Also, consistent with the observations 

made by Mellor and Dar (1967), and Divatia and Pani (1968), the weight of 

the lagged availability on prices in the above equations is higher than 

the corresponding weight of the current availability. 

The causes of price fluctuations are probably much more complicated 

than the simple relationships derived here. Comparisons of the estimated 

and reported prices, however, provide sufficient confidence on the esti

mated equations. The derived relationships predict prices very well in 

as much as the estimated prices closely fit the historical record of prices. 

The implicit average price flexibility and price elasticity coefficents 

derived from the estimated equations are as follows: 7 

6
Per capita availability used in the estimates is based on the total 

of net domestic production available for human consumption, imports, and 
change in government stock. Per capita availability thus differs from the 
actual per capita consumption because the latter also includes changes 
in private stocks on which no data are available in India. 

7
Following Mellor and Dar (1967), these are derived as follows: 

Pt= bA*t and (At - At-l) = r(A*t - At-l) 

where for food grains A * = S * A = S t t , t t 

whicl1 in reduced form becomes p 
t 

- .!?_ A 
r t 

and At-l = st-l 

+b(r-l)A 
r t-1 

Thus, for food grains b/r = 0. 75; b(r - 1)/r = 
and b = -1. 79. With average value~ of P and A 

-1.04 and, therefore, r ~ 2.39 

and At = 159. 85. 

- _ dPt 
At• Pt dA 

t 

-- -2.38 and (Pt/At) 

t t 
-for food grains at Pt= 120.17 

- -0.42 



Food Grains 

Cereals 

Rice 

• 
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Price Flexibility 

-2.38 

-2.24 

-1.32 

Price Elasticity 

-0.42 

-0.45 

-0.75 

The estimated elasticity coefficients are all less than one and the 

demand functions can thus be considered as price inelastic. Similar re

sults were also obtained by Herrman (1964), Thamarajakshi (1970a), and 

Mellor and Dar (1967). 

The estimated equations provide an opportunity to examine the causes 

of fluctuations in past food grains prices. For this purpose, per capita 

availabilities in the respective price equations are kept constant at 

their mean levels and money supply variable allowed to take recorded values. 

The estimated prices thus obtained recorded more or less smooth upward 

trends. Thus, while the upward trends in major food grains prices were 

largely due to steadily rising demand and various fiscal and monetary 

measures taken by the government, price fluctuations as such were mostly 

because of changes in quantity supplied. The slight variations in the 

year-to-year rise in demand were mostly because of fluctuating income 

effect. However, this type of instability in demand can be corrected by 

following suitable monetary and fiscal measures. 

An impressive amount of empirical evidence is now available to 

indicate farmers' output response to prices in India. However, there is 
F 

general agreement that the price responsiveness of producers in marketing 

th . t . k . I d · · f 8 eir ou put is very wea in n ia, i not zero. By and large, Indian 

8
For references see Krishna (1962, 1963, 1967a); Falcon (1962, 1964); 

Bupta and Majid (1962); Hopper (1968); Narain (1965); Venkataramanan (1958); 
Randhawa (1963); Krishna and Rao (1968); Cummings (1968); Lele (1967, 1968); 
and Kulkarni (1965) . SJ.Alf 
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agriculture is still functioning close to a subsistence level. The 

majority of farmers in the country tradJtiona11y grow one or two food crops 

and some other items mainly for family consumption. To meet cash obliga

tions, they are compelled to dispos of most of their marketable surplus 

immediately after the harvest at ,.,hatever price P:evails at the time. 

Lack of l1olding and(or) storage capacity cause tl1em to be price insensitive. 

Thus, it appears that although demand for food grains in India is 

relatively stable and the price is inelastic, supply is erratic and some

what price insensitive in the short run. This suggests that a buffer 

stock program can have advantages for stabilizing price, farm income, and 

the consumption level. 

Economics of tl1e Buffer Stock Operation 

Given that the conditions are satisfied for the buffer stock program, 

the operational strategy in the absence of any financial constraints will 

be as shown in Figure 1 (Boulding, 1965; Heady. 1962). 

The demand curve DD' is stable and inelastic wl1ile the market supply 

curve is completely inelastic and shifts het\oJecn OT and OT' because of out-

put fluctuations. Wit:h normal supply at Ot-1. price in the n1arket rules 

at OS, providing a normal farm incon1e of Ut-fRS. gg' is a unit elasticity 

demand curve through R :ind, therefore, farm inco111e measured at any point 

on it is always equal to OMRS. Without nny buffer s1.:ock pt·ogram, price 

will fluctuate between ON, ON' nnd furtn lncome bt>tween OTPN, OT'P'N'. 

If stocks are now operated Lo stabilize price :-it OS (M'I' l"l!lcnsecl \.Jhen out

put is OT or. ~IT' withdrnwn when output in O'I '), farn1 inco1ne will deviate 

fr.om its norn1al by the :imount SVqL or SV'Q'L'. J\ burfcr stock prog1·a1n in 
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this case will , year after year, provide the consumers a stable supply 

at a s t able price an d compensate the losses which the farmer s will incur 

dur ing poor crop years by providing more income during good crop years . 

If, however , the objective is to completely stabilize farm income, stock 

QK or QK ' will be rel eased to or withdrawn from the market to maintain 

the farm i ncome at the level OMRS; but then price and consumption will not 

r emain stable; price will fluctuate between OL, OL ' , and consumption be

tween LK, L' K'. 
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Figure 1 . Operational strategy of the buffer stock program 
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However, the fluctuations in production do not follow a time-ordered 

symmetrical pattern. They are random. It will be shown in a later chap

ter that the major cause of production fluctuations in India is the erratic 

behavior of the monsoon currents. Under such an uncertain situation, the 

desired level of stabilization will depend upon the stockholding capacity 

of the buffer stock agency. Since external aupplies are, in general, to 

be ruled out in the context of food self-support objective, the agency 

must build up an adequate level of food grains stock from internal sources 

to safeguard against future production shortfalls. But how much stock 

should the agency carry and at what costs and benefits to the society? 

Gustafson (1958) provided a mathematical solution for optimal carry

out stocks leading to a storage decision rule which states: If the total 

supply in year tis St(carry-in stocks Ct-l from the previous year t-1 

plus production Xt), the carry-out at the end of the year is Ct. Gustafson's 

approach is similar in principle to the policy pursued by the private 

storage operators in deriving decision rules for optimal carry-out of 

stocks; the difference is only in using a total value function instead 

of the market prices. The total value function ot(Yt) is defined as the 

value (in money terms) to the general public of utilizing the quantity 

Ct - C 1 + X - C) of the grain in year t. 
t- t t 

The elegance of Gustafson's approach is appealing, but it stumbles 

on the difficulty of determining total value function. Gustafson esti

mated it as ''the increase in real national (or regional) income that is 

attributable to increasing the amount utilized of the grain from the 

minimum value of Y(Y min) to Y itself, when other productive capacity is 

( 
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given." Although acknowledging it as a crude approach, he argued that, 

"Even an approximate value function is certainly likely to be better than 

one which ignores the problem of evaluation." 

In 1953, Fox (U.S. Congress, 1964; the author was anonymous in this 

report) drew upon Gustafson's preliminary results to derive several alter

native storage rules for the corn price support progr am in the United States. 

Fox said: 

" ... Some economists feel that this rise in the market 
price of corn does not reflect the full extent of the harm 
or social costs resulting from a drought, some of which 
might have been averted had additional corn been available 
from storage. It is hard to set a money value on these 
other costs, but unless this is done, we have no basis for 
deciding whether a storage program specifically designed 
for drought emergencies is really worth the 10 years or 
more of storage costs that might accrue before such a drought 
occurred. And the first 100 million bushels of corn in such 
an emergency would cover more urgent needs, and have greater 
per bushel value, than would a second or third hundred million. 

II 

Fox made different arbitrary assumptions as to what such social costs 

might be by assigning different elasticities of demand tothemarginal 

social cost functions, all passing through a counnon point and observed 

that "in all storage decision rules except that based on the free-market 

demand curve, a policy maker is required to state his preferences for a 

particular degree of consumption and price stabilization." The crux of 

the problem lies here; storage rules must necessarily have to come from 

the subjective value judgment of the policy maker. 

Since the policy maker's preferences are conditioned by available 

financial resources, a meaningful approach is to evaluate the social 

benefits (or costs) for achieving a desired level of stabilization at 
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varying levels of storage capacity and then choose among those the one 

for which the marginal social benefits (or costs) is maximum (or minimum). 

This was essentially what Reutlinger (1971, 1976) suggested for evaluating 

buffer stock programs. Given the probability distribution function of the 

output, market demand function, cost of storage, dtscount rate and the 

storage rule expressing the level of stabilization desired by the policy 

maker, Reutlinger computed several benefit indices and their variability 

for a given level of storage capacity. To compare the relative benefits 

and costs for achieving different levels of stabilization, the exercise 

is then repeated for different storage rules and at different levels of 

storage capacity. 

It is apparent that the most crucial aspect of operating Reutlinger's 

stochastic simulation model is the generation of sequentially ordered 

production data series which, probably for convenience, Reutlinger gen

erated from a triangular probability distribution. Evidently, the simula

tion results will be more realistic if the production data sets are 

generated from the probability distribution estimated from a historical 

analysis of output fluctuations. We propose this in chapter four. 

In the following chapters, we focus on issues exclusively related 

to a stabilization stock program for India covering the last quarter of 

this century. 
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III . DIMENSIONS OF THE FUTURE FOOD 
PROBLEMS IN INDIA 

Regional imbalances in food grains demand and supply, covering the 

years 1986 and 2001, are estimated in this chapter under the assumption 

of an overall food self-support plan for all food grains. The estimates 

are made as a base for analyzing and estimating the different components 

of a food grains stabilization stock program for India in the remaining 

chapters. 

Prospects of Food Self-Support in India 

With the availability of high-yielding varieties of grains and the 

consequent introduction of the New Agricultural Strategy, 1 India has sig

nificantly improved food grains production performance in recent years. 

The achievements of the new agricultural strategy since 1965 is impressive 

enough to suggest that the country is on the way toward achieving a higher 

trend rate of food grains production. The potential of the high-yielding 

varieties is favorable and the problems identifiable and correctable. If 

the present trend is any indication, the possibilities are likely to in

crease over time. However, there is now a big gap between performance 

2 and potentials created by the new agricultural strategy. Closing this 

1
For a detailed discussion on the "New Agricultural Strategy," see 

Cummings, Herdt and Ray (1968); Cummings and Ray (1969a, 1969b); and Hendrix 
(1970). They also provide fairly exhaustive references of recently pub
lished papers on the topic. 

2 
For example, at the present fertilizer-food grain price ratio, a 

significant increase in production can be obtained by increasing the current 
rate of fertilizer application on high-yielding varieties. 
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gap itself will enable the country to attain a much higher growth rate 

in production. 

In recent years the country witnessed a spectacular increase in wheat 

production made possible with the introduction of readily available wheat 

technology. Adaptive improvements made by Indian researchers over the 

imported technology now provide enough confidence to meet the country's 

demand for wheat. The performance is less spectacular in the case of rice 

which accounts for more than 40 percent of the country's total food grains 

production. Unlike wheat, imported technology is unlikely to provide a 

solution for increasing rice production because its success depends on 

many environmental factors. Moreover, sophisticated managerial skill is 

involved in its production process. Indian breeders are still struggling 

to evolve suitable strains of rice for different soil-climatic regions 

of the country. With the recent introduction of some high-yielding vari

eties of rice and the possibility of further breakthroughs in developing 

new strains, there is hope for an adequate rice supply in the future. 

The most important factor that will influence the future growth rate 

in food grains production in India is probably the water supply. For most 

parts of the country the natural supply of water in the form of rain and 

river water is neither dependable nor adequate. The evapotranspiration 

demands exhibit pronounced seasonality in India and is markedly out of 

phase with the highly seasonal distribution of rainfall (Russell and 

Brinegar, 1969) . 

• 

I 
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Sen (1970) points out that 

"Even if all the surface a nd groundwater potential in the 
country is exploited (and this may take about three decades), 
only 82 million hectares will get assured irrigation throughout 
the year. Thus, out of a total of 194 million hectares of 
cultivable area in the country, about 112 million hectares 
will continue to depend wholly and another 20 to 30 million 
hectares partly on rainfall." 

With this somewhat disturbing prospect about water supply, an accelerated 

growth rate in food grains production might be difficult for India to at

tain unless increasing emphasis is given to efficiency water management? 

The debate on Indian agriculture is now focused on a new strategy 

and its potentials to provide a long-term solution to the country's food 

problem. Opinion about the future has varied from one of continuing food 

shortages to one of a comfortable situation of excess supplies. It is 

probably too early to speak with confidence about attaining a higher long

run growth in food grains production based on the recent achievements ob

tained through the new strategy. Undoubtedly, the new strategy holds 

sufficient promise towards solving India's food problem; whether it can 

actually provide the solution will depend upon many factors. 4 

3
cummings and Ray (1969b) observed: 

"Approximately 20 percent of net acreage in India is irrigated but 
less than half of this irrigated area can be classified as having 
assured water ... " 
As of today, there is no 'new technology' applicable to dry areas 
which even remotely promises the quantum jump in yields that have 
been associated with the HYV on irrigated lands ... " 
This is not to argue that genetic breakthrough will not occur if 
sufficient attention is directed toward any problem. However, 
the basic fact remains that plant growth requires water at key 
timings for maximum production. As long as researchers stick to a 
single crop, the genetic opportunities are limited. A more promis
ing path for research might be to focus on crop and varietal selec
tion for specific moisture conditions and use this information as a 
base to identify suitable cropping pattern systems for specified areas." 

4
To quote from Cummings and Ray (1969a): 
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In the long run, however, the exploitation of available production 

potentials of different food crops will be limited by their effective de

mands, both for domestic and export purposes . India does not have food 

grains export commitments at present . The aim is to meet internal needs 

through internal production. Therefore, productiqn at the all-India level 

must increase at a rate sufficient to match the corresponding overall 

needs. Even in such a situation regional problems will exist: growth in 

production will be uneven among the states and cause regional imbalances . 

The dimensions of India's future food problem can thus be measured from 

a knowledge of regional imbalances in demand and supply. 

To examine the probable future pattern of regional imbalances, growth 

in food grains requirement and production in the different states of India 

is estimated for the years 1986 and 2001 under the assumption of an 

overall food self-support plan for all items under food grains . Implica

tions of regional imbalances on food management problems are examined by 

considering two sets of projections under alternative assumptions. 

"If research is funded at necessary levels, if production inputs 
are made available in quantities and at times and places required, 
and if government price policy continues to provide stable 
incentive price, then expansion of coverage up to the limits of 
irrigated- and rain-assured acreages at a fairly rapid rate 
appears to be promising . If these steps occur, then growth rate 
in food grains production can more than double the rate obtained 
before the introduction of tl1e new agricultural strategy.' ' 
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Projection of Aggregate Food Grains 
Demand for Human Consumption 

The crucial factor influencing growth in India's food grains demand 

is evidently her population size. From the beginning of this century the 

population growth rate has shown a steep upward trend (0.57 percent dur

ing 1901-1911 to 2.1 percent during 1970-73 (United Nations, 1974). 

Unless this trend is arrested, India's population will cross the one bil

lion mark before the close of this century. Feeding these growing millions, 

even at the current level of consumption, will call for more than doubling 

the food supply. 

Raghavachari (IASP, 1974) has recently worked out six sets of plausible 

growth paths for the future population of India up to 2001. Of these, 

the Medium-I projection predicts the country's population will be 724.5 

and 924.5 million at the end of 1985-86 and 2000-01, respectively. 5 Even 

if the per capita food grains consumption is kept at 1956-59 average level 

5
Raghavachari has made the projection at the all-India level. He 

has preferred the use of his Medium-II projection for discussion on age
sex structure and rural-urban breakup at the all-India level. The present 
study has chosen the Medium-I projection because it is fairly comparable 
to the estimates provided by others, including the projection made up to 
1986 in the Draft Five-Year Plan document; (Blakeslee, Heady and Framing
ham, 1973); and (Government of India, 1973). To derive state-wise, rural
urban population estimates from Raghavachari's Medium-I projection, the 
following procedure was adopted. 

(i) Rural-urban breakup at the all-India level was first obtained 
by assuming the same proportions as estimated by Raghavachari 
for his Medium-II projection. 

(ii) Statewide population growth rates separately for their rural 
and urban sectors were then estimated by increasing proportion
ately their corresponding growth rates recorded in the 1971 
census such that the derived overall growth rates for the rural 
and urban sectors were identical with the independent estimates 
made at the all-India level. The projected population figures 
are given in Appendix Al. 
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of 160.6 kilograms per year, 6 feeding the population of above size would 

require about 116.35 and 148.47 million tons of food grains at the end of 

1985-86 and 2000- 01, respectively. 

Per capita demand, however, will not remain constant at the average 

1956- 59 level; it will increase mainly due to a rise in income . Plan 

programs are now geared to achieve a minimum of 5 percent growth rate in 

agriculture and a 5 to 6 percent growth rate in national income (Govern

ment of India, 1973) . While this optimism about the country ' s future 

economic outlook has no semblance to the past, it is obvious that, in a 

predominantly agricultural economy like India , the growth in overall 

economy will greatly depend on the performance of the agricultural sector . 

It is now generally agreed that the development of the biochemical tech

nology in agriculture has opened wide opportunity by which a 5 percent 

growth in agriculture, necessary to have a higher growth rate in national 

income, is not too difficult for India to attain. 

Generally, as economic development occurs and leads to a higher 

standard of living, the demand for subsistence items declines and results 

in a decline in the magnitude of the corresponding income elasticity co

efficient. · The income elasticity coefficients for food grains that are 

6
Most of the demand projections made for India are based on the per 

capita availability rather than the actual level of consumption. The 
concept of per capita availability is a hypothetical approximation to the 
actual level of consumption which can only be obtained from household 
c_onsumption surveys. A reliable per capita food grains consumption esti
mate for India was developed by Panse (1961) for the period 1956-59. 
Sukhatme (1962) further revised Panse's estimate and derived 1956-59 aver
age per capita food grains consumption at the all-India level as 160.6 
kilograms per year. The present study uses Sukhatme's estimate as a base 
for computing food grains demand. 
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presently obtained for the rural and urban sectors of India are of the 

order of 0.50 and 0.25 (Ray, 1969). These magnitudes will change if the 

future economic growth proceeds at a much higher rate. Although the dif

ferent rounds of the NSS (National Sample Survey) household consumption 

survey provide little information about any such possible trend in the 

income elasticity coefficients for food grains, it is reasonable to ex

pect them to decline if the national income grows at a rate nearly double 

the present rate. 

Two alternative situations are considered for projecting the food 

grains demand at the all-India level: (a) a high income growth path of 

5 percent per annum with low rural and urban income elasticities of 0.30 

7 
and 0.15, respectively, and (b) a low income growth path of 3 percent 

per annum, comparable to the recorded performance, with high rural and 

urban income elasticities of 0.50 and 0.25 as presently obtained. The 

1956-59 average is taken as the base and the divergence between the high 

and low projection is measured from the level attained in 1971. 

The results of the exercise (Table 2) suggest a modest increase in 

India's food grains demand with a not too wide divergence between the high 

and low income growth generated food grains demanded. 8 For the terminal 

7
For an elaborate discussion on available estimates of elasticity 

coefficients, see (Ray, 1969), which also provides a fairly exhaustive 
bibliography of research papers on estimating elasticity coefficients. 

8
For details see footnotes in Table 2. In making the projection it 

is assumed that relative prices will remain constant and consumers' taste~ 
and preferences for the various food crops will remain unaltered. For a 
detailed discussion about the limitations of this approach, see (Ray, 1969). 



Table 2. Projected food grains demand for human consumption at all-India level 
-
Population t{a t ional Income at Per Capita Per Capita Aggregate 
(million)a 1960-61 prices Income Demand Demand 

(Rs. billion)b (Rs./year)c (Kg./iear) d (million tons) e 
High Low High Low High Low High Low 

Projection Projection Projection Pro- Pro- Pro- Pro- Pro-
jection jection jection jection jection 

1956-59 Rural 326.31 - - 266.2 266.2 163.8 163.8 53.45 53.45 
(average) Urban 77.19 - - 388.0 388.0 147.0 147.0 11.35 11.35 

All-India 403.50 116.83 116.83 289.5 289.5 160.6 160.6 64.80 64.80 
1971 Rural 438.86 - - 313.0 313.0 178.2 178.2 78.20 78.20 , 

Urban 109.09 - - 456.1 456.1 153.4 153.4 16.73 16.73 
All-India 547.95 187.10 187.10 341.4 341.4 173.2 173.2 94.93 94.93 

1986 Rural 550.98 - - 483.8 362.6 204.0 193.4 112.40 106.56 
Urban 173.52 - - 705.0 528.4 165.0 160.3 28.63 27.82 
All-India 724.50 388.96 291.49 536.9 402.3 194.6 185.5 141.03 134.38 

2001 Rural 652.19 - - 771.0 433.0 257.0 215.1 167.61 140.29 
Urban 272.11 - - 1123.6 631.0 188.8 170.0 51.37 46.26 
All-India 924.30 808.62 454.13 874.8 491.3 236.9 201.8 218.98 186.55 

aPopulation estimates are from Appendix A2 . l . The 1956-59 average was estimated from the recorded 
growth rate during 1951-61. 

bNational income is assumed to grow under High Projection at the rate of 5.0 percent per annum 
(compound) from the 1971 level. The corresponding rate assumed for the Low Projection is 3.0 percent per 
annU1n (compound). 

~ 
N 

cThe estimates of per capita income for the rural and urban sectors are obtained from the relations: 
y = cy and y = I/(cp + p ), where y and y represent per capita incomes for the rural and urban sectors, 

r du h u r. u 1 · r I ud f . f . d . h . f p an p t e corresponcting popu ations, stan s or tne estimate o aggregate income an c is t e ratio o 
p~r capi~a expenditure for the rural and urban sectors as obtained from the tenth round of the NSS (National 
Sample Survey), the reference period of which was 1955-56. ' 



the 
dThe estimates of the per capita 

respective values of the variables 

and dit are the food grains consumption and demand for the 'i'th sector (rural or urban) in the base period 
and in year t, e. is the corresponding income elasticity coefficient and y. and Y. are their respective per 
capita incomes ifi the base period and in year t. Rural and urban constnnpti8n esti~ites for the 1956-59 
average were derived from the all-India average of 160.6 kg/year by using the ratio of per capita food grains 
expenditures in rural and urban areas as obtained from the tenth round of the National Sample Survey. 

e 

f?od g~ains demand for the rura~ and urban sectors are determined from 
given in the relation: d. = io [ + ( _ )] where dio 

it Y. y. e. y. y. , io io i it io 

Aggregate demand has been calculated by multiplying per capita demand by population. 

• 

,.::.. 
w 

• 
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years 1986 and 2001, food grains demand are estimated around 134-141 

million tons and 186-219 million tons, respectively . The projected food 

grains demand of 94.93 million tons for 1971 is very close to the actual 

availability of 94 . 31 million tons for the same year. An almost absent 

demand-supply gap is thus suggested by the exercis~ for 1971. This appears 

likely because food grains prices in India remained remarkably stable dur

ing that year . 

Regional Requirements of Different 
Food Grains 

The relatively simple income elasticity approach used in projecting 

the aggregate food grains demand is to be ruled out to determine state 

demands because of paucity of data. Estimates of state incomes are unsat

isfactory. State or regional estimates of income elasticities are either 

not available or are less dependable than the national figures. In view 

of these limitations, an indirect method is adopted. State estimates 

are derived from the projected national food grains demand by using their 

consumption pattern suitably adjusted for corresponding population growth. 

The different rounds of NSS give indices of value of consumption 

per person of food grains separately by states for the rural and urban 

areas and thus provides a comparative picture of value of consumption per 

person for the states relative to that for all India. Table 3 (derived 

from NSS data) provides state consumption indices of food grains averaged 

over the years 1956-59 and adjusted for prices and population base adopted 

I 



Table 3 . State-wide average food grains consumption , 1956-59 

North 

Index of Food Grains 
Consumption (all

India 1956-59=100) 
Rural Urban 

Jammu & Kashmir 
Punjab & Haryanaa 
Rajas than 

137 . 7 
95 . 2 

112.8 
104 . 3 

128.5 
93 . 1 

111 . 9 
102 . 4 Uttar Pradesh 

Total 

East b 
Assam 
Bihar 
0rissa 
West Bengal 

Total 

West 
G 

• C uJarat 
l1adhya Pradesh 
~laha rash tr a 

Total 

South 
.AndhradPradesh 
·Ker ala 
l·1ysore 
Tamilnadue 

Total 

All India 

126 . 7 
113 . 9 
87.9 

123 . 2 

85.2 
96.2 
82.9 

95 . 6 
71 . 6 
89 . 6 
87 . 2 

100 . 0 

130 . 0 
116 . 4 

96 . 5 
124 . 9 

86 . 7 
101 . 3 

85 . 7 

102 . 7 
82 . 5 
91 . 8 
95.2 

100 . 0 

Per Capita Consumption 
(in kg . /year) 

Rural Urban 

225 . 6 
155 . 9 
184 . 8 
171 . 7 

207 . 5 
186 . 6 
144 . 0 
201 . 8 

139 . 6 
157 . 6 
135 . 8 

156 . 6 
117 . 8 
146 . 8 
142 . 8 

163.8 

188 . 9 
136 . 8 
164 . 5 
150 . 5 

191 . 1 
171 . 1 
141 . 8 
183 . 6 

127 . 4 
148 . 9 
126 . 0 

151 . 0 
121 . 3 
134 . 9 
139.9 

147 . 0 

aincludes Himachal Pradesh, Delhi and Chandigarh . 

blncludes Manipur, Tripura, NEFA, Nagaland and Bay Islands. 

clncludes Goa , Daman, Diu, Dadra and Nagar Haveli. 

dlncludes Arabian Islands. 

elncludes Pondicherry. 

.. 

Aggregate Consumption of 
(in million tons) 

Rural Urban Total 

0 . 6L~ 
2 . 31 
2 . 81 

10 . 22 
15.98 

2 . 47 
7 . 32 
2 . 19 
4 . 55 

16 . 53 

2 . 00 
3 . 97 
3 . 36 
9 . 33 

4 . 35 
1 . 54 
2 . 47 
3 . 25 

11 . 61 

53 . 45 

0 . 10 
0 . 96 
0 . 50 
1 . 32 
2 . 88 

0 . 20 
0 . 62 
0 . 15 
1 . 64 
2 . 61 

0 . 64 
0 . 64 
1 . 43 
2 . 71 

0 . 88 
0 . 29 
0 . 66 
1 . 32 
3 . 15 

11.35 

0 . 74 
3 . 27 
3 . 31 

11 . 54 
18 . 86 

2 . 67 
7 . 94 
2 . 34 
6 . 19 

19 . 14 

2 . 64 
4 . 61 
4 . 79 

12 . 04 

5 . 23 
1 . 83 
3 . 13 
4.57 

14 . 76 

64 . 80 

J:-
v, 
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in this study . 9 Since the NSS data do not provide consumption estimates 

separately for the union territories, it is assumed that union territories 

are likely to have the same habits as that of the state with which they 

are geographically contiguous and climatically homogenous. 

Based on these indices, state per capita consumption and aggregate 

consumption of food grains in the base period 1956- 59 average have been 

estimated (Table 3). The derived estimates suggest that food gr ains con

sumption in 1956-59, relative to the national average, was very high in 

the states of Assam, Jammu and Kashmire and very low in Kerala. Consump

tion in Bihar, Rajasthan, Uttar Pradesh, and West Bengal also was higher 

than the national average. 

Evidently, food grains demand will grow at a slo,.,er rate in the 

existing high consumption states. An opposite trend is expected in the 

existing low consumption states, and as far as food grains as a whole is 

concerned, it would not be unrealistic to expect in the long run the emer

gence of a uniform consumption pattern for the different states. All 

these imply that the state-wide food grains consumption pattern estimated 

for the base period will not remain invariant over time. 

State . food grains requirements are estimated under the assumption 

that the additional increase in aggregate food grains demand over the 

9These are obtained first by deflating the NSS indices by the corres
ponding all-India food grains price index for that year and then averaging 
over the period to obtain consumption index Qj for the jth state. The 
indices are further adjusted for the population base adopted here by using 
a correction factor (EQjNj)/ r.N.), Nj being the average of 1956-59 popula
tion for the jth state. In t~e absence of a retail food grains price 
index in India, a wholesale price index is used as the deflator. 
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base period estimated at the all-India level separately for the rural and 

urban sector will be distributed over the different state's rural and 

urban sectors in proportion to their corresponding increase in population. 

The increments thus estimated are added to the base consumption levels of 

the respective states to derive state, rural and urban requirements of 

food grains in 1971, 1986, and 20001 (Appendix A2). 

h d (d f ) 10 . d . . h . The NSS seventeent roun rat report provi es some insig t into 

the commodity-wise consumption patternin the different states rural and 

urban sectors (Appendix A3). Based on this report, the Indian states can 

be divided into three categories: (a) Predominantly rice-eating eastern 

states of Assam, West Bengal and Orissa, the southern states of Andhra 

Pradesh, Kerala and Tamilnadu, and the northern states of Jammu and Kashmir; 

(b) Basically wheat-eating northern states of Punjab, Haryana, and Uttar 

Pradesh; and (c) Gujarat, Maharashtra, Mysore, and Rajasthan where more 

coarse cereals are consumed. The states of Bihar and Madhya Pradesh ap

pear as intermediate states between category a and category b. 

Requirements for different items by commodity under food grains at 

the state level are derived from their estimated food grains requirement 

under the asstnnption that the dietary habits over states will remain the 

same as obtained in the NSS (National Sample Survey) seventeenth round 

(Appendices A4 through A6). For cereals and pulses subgroups within food 

grains, the requirements thus estimated compared favorably with their 

corresponding availabilities in 1971 (actual availabilities of 84.0 million 

lOThe reference period for NSS seventeenth round was September 1961, 
to July 1962. 
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tons of cereals and 10.3 million tons of pulses against their correspond

ing estimated values of 85.2 and 9.7 million tons. The requirement for 

pulses has been derived by subtracting the estimated cereals consumption 

from the estimated food grains consumption demand for humans). However, 

for the individual items within the cereals group, _rice and wheat differed 

significantly from their 1971 availabilities . Rice was overestimated by 

6 million tons, and this was cancelled by an underestimate of the same 

order in wheat. Two explanations can be put forward for this discrepancy. 

Consumers might have compensated their unsatisfied rice demand by wheat, 

the availability of which has significantly increased in recent years be

cause of a steep rise in its production. Again, the magnitude of the 

income elasticity coefficient for wheat in India is consistently obtained 

at a much higher level than that for rice, and the discrepancy could also 

be attributed to a real increase in wheat demand. 11 As economic develop

ment takes its stride and breakthroughs are also achieved in rice culti

vation, it is likely that demand for coarse cereals will decline and 

demand for rice and wheat increase. The derived commodity-wise require

ments can, therefore, be taken only as lower limits for rice and wheat. 

The estimated requirements thus far cover only human needs. To 

arrive at the total requirements of different items under food grains,al

lowances also have to be made for seed, feed and wastage. The usual 

practice is to assume the following percentages of gross production for 

seed, feed and wastage: rice (7.6 percent), wheat (12.1 percent), cereals 

11
The estimated income elasticity coefficient for wheat in India is in 

the range of 0.60 to 0.99; for rice it is only between 0.20 to 0.36 (Ray, 
1969). 
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(12.5 percent) and food grains (12.5 percent). 12 Using these disappearance 

factors, total domestic requirements at the all-India level are obtained 

on the assumption that crop-wise gross production equals their respective 

total domestic requirements (Table 4) . 

The implied average annual compound growth rate in food grains demand 

between 1971 and 20001 is 2.26-2.81 percent for rice, 2.50-3.01 percent 

for wheat, and approximately 2.28-2.83 percent for both all cereals and 

a l l food grains . These are comparable to the past production growth rates. 

Apparently, the results of the exercise give an impression that India 

could well manage future food problems by marginally improving the present 

trends in production. This conclusion is, however, deceptive because the 

various restrictive assumptions under which the projection is made- It 

is obvious that the derived growth rates can at best be taken as the 

necessary minimum . In fact, production will have to increase at a higher 

rate if the family planning program of the government fails to produce 

its intended impact . Again, export possibilities are completely excluded. 

Finally, what is most important, a stochastic free growth rate in food 

grains production is assumed for deriving the total domestic requirements. 

The task ahead is a challenge but nevertheless can be met if the potentials 

of the new agricultural strategy are properly exploited. 

Regional Food Grains Production Prospects 

Suppose now, at the national level, the country is self-sufficient, 

i.e., the domestic production of individual crops under food grains equals 

12 
These official estimates, which were derived from the Farm Management 

Survey, have been challenged by several research workers (Ray, 1969). 



Table 4. Total requirements of different food grains at all-India level (million tons) 

High Projection Low Projection Average Annual Compound 
1971 1986 2001 1986 2001 Growth Rate (calculated 

from 1971 level) 
High Low 

Projection Projection 

Rice 
For human consumption 44.54 66.82 102.37 62.72 87.17 
Seed, feed and waste 3.66 5.50 8.42 5.16 7.17 
Total 48.20 72.32 110.79 67.88 94.34 2.81 2.26 

Wheat 
For human consumption 15.04 23.03 36.63 22.04 31.58 
Seed, feed and waste 2.07 3.17 5.04 3.03 4.35 
Total 17.11 26.20 41.67 25.07 35.93 3.01 2.50 

\J1 
0 

All Cereals 
For human consumption 85.22 126.72 196.77 120.70 167.53 
Seed, feed and waste 12.17 18.10 28.11 17.24 23.93 
Total 97.39 144.82 224.88 137.94 191.46 2.83 2.28 

All food grains 
For human consumption 94.93 141.03 218.98 134.38 186.55 
Seed, feed and waste 13.56 20.15 31.28 19.20 26.65 
Total 108.49 161.18 250.26 153.58 213.20 2 .8 2 2 . 28 
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their respective effective demands estimated under the high or low 

projection. Then under the self-sufficiency assumption, the long-run 

production growth rates of individual crops at the all-India level are 

predetermined. Given the all-India growth rates in production, what will 

be the corresponding long-run regional growth rates? Will these follow 

the past pattern? 

The food problem in different states of India is essentially a food 

grains problem. Towards this end, each state produces food grains; in 

fact, a major part of the agricultural production in each state of India 

is made of food grains. Unless there is a dramatic change in food habits 

(which is very unlikely) this trend will continue. Therefore, it is 

reasonable to assume that each state will continue to produce food grains. 

Production in each state is, however, a function of land, labor, capital, 

macro-ecological conditions , and a host of other factors . In the long 

run, some of these factors will evidently appear as constraints and limit 

furhter growth in production. The relative share of the different states 

in the country's total future food grains production will, therefore, 

depend on exploitation, to the extent possible, of the various factors of 

production. 

Since the scope for increasing the land base is now almost limited 

in all the states, any major increases in future production must come 

through intensive cultivation. The high-yielding varieties provide this 

opportunity through intensive exploitation of land, water, fertilizer, 

and other inputs. The technical skills involved in the cultivation of 
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high-yielding varieties are at present unevenly distributed among the 

cultivators, both between and within the states. With the passage of 

time, this situation is likely to even out to a large extent. However, 

with water being an important factor for the new technology, the growth 

in irrigated acreage among the states will be a li~iting and shaping force 

for long-run regional growth rates. 

Recent achievements indicate that although the impact of new technology 

is perceptible in all Indian states, the adoption of high-yielding varie

ties and the consequent production increase is generally high in the 

present high growth-generating states. This is made possible by the exist

ing large irrigation facilities in these states. The approximate distribu

tion of unexploited irrigation potential in the country ranges from 0.58 

percent of land in Jammu and Kashmir to 18.48 percent in Uttar Pradesh 

(Appendix A7). The present high growth-generating states are already 

utilizing a major proportion of their irrigation potential. On the other 

hand, states like Uttar Pradesh, Madhya Pradesh, Andhra Pradesh, and Bihar 

have large water resources as yet untapped. Based on current knowledge 

and existing technology, the present high growth-generating states are 

likely to reach a technological plateau much earlier than the present: 

slow growth-generating states. 

A rapid development of the economy through an accelerated growth in 

agriculture will necessitate increasing utilization of the untapped re

sources of the country. If it is assumed that this will be obtained 

primarily through greater utilization of the irrigation potential then 

the estimated regional growth rates in food grains production are likely 

I 
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to undergodramatic changes in the future. On the other hand, a slow 

growth of the economy may adversely affect investment in agriculture 

and result in slowing down the agricultural growth. A food self-support 

plan under such a situation will demand more efficient use of the exist

ing resources and in the process this may result in preserving the 

present ranking of the states in production performance. 

Following the above argt.nnents, an attempt is made to estimate state 

food grains production under the high and low income growth generated 

food grains demand. It is assumed that, at the national level, produc

tion of different crops under food grains in 1986 and 2001 will equal 

their respective effective demand estimated under the high or low projec

tion . Also, to make the demand and production estimates comparable, a 

normal weather production level based on the average of 1968-71 is used 

for 1971, the base year for estimating the production increments. 13 

The distribution and composition of the nonnal weather food grains 

production for consumption in 1971 are obtained by using state average 

production of different food crops in 1968-71 as weights. 

For the projected high demand, state-wise production estimates for 

food grains as a whole and cereals as a group are made on the assump

tion that the additional increase in irrigated acreage and in all food 

grains or all cereals, anticipated at the national level to meet the 

l3since there is a time lag in the consumption of crop output, 
1970-71 nonnal weather production level is used for comparison with the 
demand estimates for 1971. A three-year average of 1968-71 is used in
stead of 1969- 72 because the weather was too bad in 1971-72. Weather 
was below nonnal in 1968-69, nonnal in 1969-70, and above normal in 
1970-71. The average of 1968-71 is likely to represent the normal wea
ther production level of 1970-71 more accurately than the average of 
1969-72 (Cummings and Ray, 1969a; 1969b). 
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requirements at the end of 1986 and 2001, over the 1971 level, will be 

distributed over the states in proportion to the statevide distribu-

tion of present unexploited irrigation potential in the country. 14 

Regional production estimates to meet the projected low food grains re

quirements are made by adjusting proportionately to the state growth rates 

in food grains and cereals production as recorded between 1961 and 1971. 

Estimated Cereals Production Pattern 

The future acreages under different food crops will be largely 

determined by their future relative prices and gains in productivity. 

The new technology has proved beyond doubt a higher yield potential for 

wheat, and with further breakthroughs in rice production it is likely 

that these two superior grains will bring increasing acreage planted to 

cereals. 

Such changes are already visible. For instances, some of the 

eastern and southern states of India now produce wheat contrary to earlier 

custom. However insignificant such a transfer may be to the country's 

total wheat production, the question is whether these trends recently 

noticed are likely to increase over time. In all probability such at

tempts will have only short half-lives and the influence of macro

ecological factors will limit such attempts. 

14 
Pulses are inte1croppe<l witl1 cereals in uJl states. An increase 

in cereals production in any state is, therefore, likely to increase 
its pulses production, too. In other words, growth in the production 
of food grains as a whole and cereals as a group in the different states 
will be influenced by the same factors. 
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The geographical concentration and specialization of production 

is largely influenced by the macro-ecological factors. Variables other 

than macro-ecological ones can introduce a dynamic element in the pro

duction pattern of a region. However, they are unstable. In contrast, 

the macro-ecological characteristics of an area are practically stable 

over a long period of time. In the long run, these characteristics 

will force the farm firms of an area to choose, from among many produc

tion alternatives, one or a combination of some. The past food grains 

production pattern in the different states was an outgrowth of these 

macro-ecological conditions. Future changes are likely to be consistent 

with this pattern; probably, the new technology will intensify the 

specialization. 

To estimate the cereals production pattern for the future years 

one possibility is to assume that the state future production patterns 

will remain the same as in 1971. In that event, self-sufficiency will 

not be attained for all items under food grains. Rice will be in short 

supply, and more wheat and coarse cereals will be available than neces

sary. Demand pressure will thus compel the states to produce more 

rice and less wheat and coarse cereals--subject, of course, to re

gional macro-ecological limitations. 

Obviously, the future cereals production patterns over states 

under the high and low projection will have some consistency with the 

present. For the present work it is assumed that the weights of dif

ferent crops in each state's total cereals production will change pro-

portionately, subject to certain constraints. 0 More precisely, if W .. 
1J 
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is the weight of the jth crop in the ith state's total cereals produc

tion for 1971 then for the year tit is assumed that 

W.~ = K: W.~ for all i and a given j 
1.J J 1.J 

subject to the conditions 

(i) 

(ii) 

(iii) 

t x.t L W. . -
1.J ie 

i 
X~ for all j 

J 

L W .. - 100 for all i, and 
. 1.J 
J 

t 
0 < W.. < 

1.J 
100 

where X.t is the ith state's estimated total cereals production (estimated 
ie 

under high or low assumptions) and x: is the production of the jth crop 
J 

in year t anticipated at the all India level (under the high or low 

t 
If W .. equals 100, 

1.J 
projection) for attaining self-sufficiency in it. 

then the ith state will produce only the jth crop under cereals--an 

extreme case of optimum specialization of production under macro

ecological conditions. Subject to the above restrictions some of the 

t 
W .. scan be kept fixed at preassigned levels, if there are~ priori rea-

1.J 

sons to do so. 

iterations. 

t The values of W .. s can be computed by successive 
1.J 

For the present work, the cereals group in each state is divided 

into three categories - rice, wheat and coarse cereals (j running from 

1 to 3). Determination of optimum weights for rice and wheat will, 

therefore, automatically determine the optimum weight for coarse cereals 

(for each state it will be 100 minus optimum weight for rice and wheat). 

Also, as there is no information available r egarding the future cereals 
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production pattern of any state, weights are allowed to take the extreme 

values ranging from Oto 100. 

The estimated rice and wheat production pattern over states and the 

corresponding absolute production under the high and low projection for 

attaining self-sufficiency in these two crops at the all-India level in 

1986 and 2001, are given in Appendices A9 and AlO. Since the estimated 

state production of rice, wheat and all cereals is derived on the asst.nnp

tion of overall self-sufficiency, state coarse cereals production (which 

for each state is the estimated total cereals production minus the 

total of estimated rice and wheat production) will also obviously add up 

to make the country self-sufficient in it. The system is thus closed at 

the national level in that overall domestic production of each item under 

food grains equals its corresponding domestic requirement. 

Some interesting results follow from the two sets of regional pro

duction estimates (Table 5). The long-run growth rate in food grains 

production in Punjab and Haryana, thoueh estimated to hold the top rank 

among the states under the low projection, is seen to have been practi

cally pushed down to the bottom under the high projection. Andhra 

Pradesh and Kerala, which are estimated to record low growth rates 

under the low projection, improve their performance considerably under 

the high projection to occupy first and second places, respectively. 

Similar results are also obtained in state growth rates of different 

crops under cereals. A complete reversal in the ranking of the states in 

production performance is thus likely to occur if the future food grains 



Table 5. Required growth rates for attaining self-sufficiency in food grainsa 

H . h P . . b ig roJection L P . . b ow roJ ec tion 
Food Grains Cereals Rice Wheat Food Grains Cereals Rice Wheat 

North 
Jammu & Kashmir 2.02(13) 1.93(14) 2.38(12) 1,05(10) 3.04(2) 2.90(2) 3.89(2) 1.30(2) 
Punjab & Haryanac 1.94(14) 1.95(13) 2.40(11) 1.05(10) 4.06(1) 4.25(1) 5.25(1) 2.62(1) 
Rajas than 2.69(9) 2.94(9) 3.45(7) 2.05(6) 2.21(7) 2.35(7) 3.36(6) 0.77(7) 
Uttar Pradesh 3.07(8) 3.25(7) 3.72(6) 2.35(5) 2.32(6) 2.56(4) 3.57(4) 0.95(4) 

Total 2.64 2.74 3.35 1.76 3.01 3.23 4.06 1.81 

East d 
Assam 3.38(5) 3.21(8) 2.91(8) - 2.11(8) 2.00(8) 1.89(12) 
Bihar 3.30(6) 3.37(5) 3.84(4) 2.45(3) 1.61(12) 1.66(12) 2.66(8) 0.05(9) 
Orissa 2.58(10) 2.57(10) 2.48(10) - 1.76(11) 1.64(13) 1.79(13) 
West Bengal 2.30(12) 2.25(12) 2.37(13) 1.36(9) 2.63(4) 2.50(5) 2.72(7) 0.94(5) 

Total 2.85 2.85 2.90 2.08 2.06 2.00 2.39 0.41 

West 
G . e uJarat 3.73(3) 3.56(4) 4.06(3) 2.66(2) 2.94(3) 2.82(3) 3.84(3) 1.23(3) 
t1adhya Pradesh 3.61(4) 3.E,7(2) 4.34(2) 2.95(1) 1.76(11) 1.73(11) 2.72(7) 0.12(8) 
1·1ahar ash tr a 3.21(7) 3.28(6) 3.75(5) 2.37(4) 1.53(13) 1.40(14) 2.38(10) -0.23(10) 

Total 3.53 3.63 4.17 2.83 1.98 1.92 2.77 0.35 
South 
AndhrafPradesh 4.50(1) 4.35(1) 4.84(1) - 1.37(14) 1.23(15) 2.22(11) 
Kerala 3.96(2) 3.77(3) 3.75(5) - 1.93(9) 1.78(10) 1.77(14) 
Mysore 2.47(11) 2.43(11) 2.90(9) 1.52(8) 2.59(5) 2.45(6) 3.46(5) 0.84(6) 
Tamilnadt1g 0.98(15) 0.90(15) 1.37(14) - 1.95(10) 1.82(9) 2.51(9) 

Total 3.06 2.94 3.37 1.67(7) 1.98 1. 83 2.52 0.49 
All India 2.97 3.00 3.30 1.99 2.41 2.45 2.75 1.49 

aAverage annual compound growth rate estimated from 1968-71 average production level. 

bNumber in parenthesis denotes the rank of the state. 

cincludes Himachal Pradesh, Delhi and Chandigarh. 

dlncludes Manipur, Tripura, NEFA, Nagaland and Bay Islands. 

eincludes Goa, Daman, Diu, Dadra and Nagar Haveli. 

£Includes Arabian Islands. 

glncludes Pondicherry. 

ln 
CX5 
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productions are obtained more from exploitation of the country's un

tapped irrigation potentials than from the intensive utilization of the 

existing resource base. 

Regional Imbalances in Food Grains 

The estimated regional imbalances in food grains (Tables 6 and 7) 

derived from the high and low demand-supply projections provide rough 

outlines of the dimensions of future food management problems of India. 

As mentioned earlier, domestic supply of food grains was highly favorable 

in 1971 to meet the corresponding requirement. This was because of a 

bumper crop in 1970-71. Had the weather been normal, there would have 

been an overall deficit of approximately 4 million tons of food grains 

in 1971. The normal weather production base assumed for estimating the 

food grains production pattern suggests that, but for the good crop of 

1970-71, domestic supply of different items under food grains would 

have significantly fallen short of the corresponding requirements in 

1971. The only exception was wheat which was estimated to have record

ed a surplus of about 6 million tons under normal weather conditions. 

The two sets of demand-supply projections provide a range within 

which the magnitudes of regional imbalances in food grains are likely 

to occur in the future. Two extreme situations are obtained from the 

northern and eastern regions of the country. Both the high and low pro

jections suggest that during the remaining part of this century, the 

northern region will remain surplus on all items under food grains while 

the eastern region will record a completely opposite s ituation. For the 



Table 6. Projection of regional imbalances in food grains and cerealsa [surplus (+) or deficit (-) in million tons] 

North 
Jannuu & Kashmir b 
Punjab & Harayana 
Rajas than 
Uttar Pradesh 

Total 

East 
C Assam 

Bihar 
Orissa 
West Bengal 

Total 

West d 
Gujarat 
lladhya Pradesh 
Maharashtra 

Total 

South 
Andhra Pradesh 
Keralae 
Mysore 
Ta.milnaduf 

Total 

All-India 

1971 
Average of 1968-71 

Food Cereals 
Grains 

-.09 
+6.19 
+0.94 
+0.20 
+7.24 

-1.73 
-3 . 70 
+. 75 

-2.13 
-6.81 

-.79 
+2 . 20 
-2 . 62 
-1.21 

-1 . 07 
-1.92 
+. 54 
-.52 

-2.97 

-3 . 75 

-.06 
+5.69 
+. 22 
+ . 15 

+6.00 

-1.53 
-3.24 
+. 59 

-2.03 
-6.21 

- . 46 
+1.31 
- 2.48 
-1.63 

-.88 
-1.80 
+. 56 
-.19 

-2.31 

-4.15 

High Projection 
Food Cereals 

Grains 

-.27 
+6.55 
+1.23 
+3.40 

+10.91 

-2.21 
-3.36 
+1.10 
-3.61 
-8.08 

- . 78 
+5.06 
-4 . 17 
+ .11 

+2.46 
-2.86 
+. 35 

-2.89 
-2.94 

0 

-.26 
+6.16 
+.53 

+3.61 
+10.04 

-2.04 
-2.73 
+.86 

-3.48 
-7.39 

-.45 
+4.03 
-3.78 
-.20 

+2.27 
-2.73 
+.41 

-2.40 
-2.45 

0 

1986 
Low Projection 

Food Cereals 
Grains 

+.18 
+19.08 

+1.12 
+2 . 65 

+23.03 

-2.60 
-5.98 
+. 39 

-2.18 
-10.37 

-.63 
+. 63 

-5.97 
-5.97 

-3 . 19 
-3.26 
+1.27 
-1.51 
-6.69 

0 

+.14 
+18.94 

+.40 
+3 . 04 

+22. 52 

-2.47 
-5.23 
+.03 

-2.02 
-9.69 

-.33 
-.28 

-5.68 
-6 . 29 

-3 . 14 
-3.11 
+l.06 
-1.35 
-6.54 

0 

High Projection 
Food Cereals 

Grains 

-.58 
+6.83 
+1.52 
+7.86 

+15.63 

-3.97 
-3.09 
+. 65 

-6.27 
-12.68 

-1.05 
+9.20 
-7 . 14 
+1.01 

+7. 71 
-4.44 
-.21 

-7.02 
-3.96 

0 

-.57 
+6.53 
+. 81 

+8.27 
+15.04 

-3.78 
-2.34 
+. 34 

-6.12 
-11.90 

-.66 
+7.87 
-6.40 
+.81 

+6 . 80 
-4.32 

- .15 
-6.28 
-3.95 

0 

2001 
Low Proj ection 

Food Cereals 
Grains 

+. 29 
+26.22 

+1.61 
+4.50 

+32.62 

- 4.24 
-7.33 
+.03 

-2.04 
-13.58 

-1.38 
+. 77 

-9 . 11 
-9.72 

-4 . 02 
-4.74 
+1.82 
-2 • 38 I 

-9.32 

0 

+. 21 
+25.88 

+. 65 
+5.61 

+32.35 

-3 . 96 
-6.28 
-.41 

-2.44 
-13.09 

-.91 
-.60 

-8.62 
-10.13 

-3.95 
-4.54 
+1.40 
-2.04 
-9 . 13 

0 

aState - wide production estimates are first adjusted for disappearance due to seed, feed, and waste. Imbalances are 
obtained by subtracting the state wide demands from their corresponding adjusted production estimates. 

bincludes Himachal Pradesh, Delhi and Chandigarh . 

cincludes Manipur, Tripura, NEFA, Nagaland and Bay Islands. 

dlncludes Goa, Daman, Diu,. Dadra and Nagar Haveli. 

eincludes Arabian Islands . 

flncludes Pondicherry . 

°' 0 



Table 7. Projection of regional imbalances in rice and wheata [sur plus (+) or deficit (-) in million tons] 

North 
Jammu & Kashmir b 
Punjab & Harayana 
Rajas than 
Uttar Pradesh 

Total 

East 
C Assam 

Bihar 
Orissa 
West Bengal 

Total 

West d 
Gujarat 
Madhya Pradesh 
Maharashtra 

Total 

South 
Andhra Pradesh 

e Kerala 
Mysore f 
Tamilnadu 

Total 

All-India 

1971 
Average of 1968- 71 

Rice Wheat 

- .19 
+. 73 
+.03 
-. 32 
+. 25 

-1.35 
-2 . 28 
+. 73 

-1 . 94 
-4.84 

- . 10 
+. 73 
- . 43 
+. 20 

- . 30 
-1 . 72 
+. 38 
+ . 10 

-1.54 

-5.93 

+.02 
+3 . 83 
+.47 

+1 . 85 
+6 . 17 

- . 10 
-. 44 
- . 02 
+ . 17 
- . 39 

- . 15 
+.37 
-. 56 
- . 34 

-.07 
-.02 
- . 04 
- . 07 
-.20 

+5 . 24 

High Projection 
Rice Wheat 

-.29 
+1 . 12 
+. 08 

+l . 34 
+2 . 25 

-2.03 
- . 91 
+. 99 

-3.41 
- 5 . 36 

+.02 
+3.05 
-. 32 

+2. 75 

+3 . 45 
-2 . 60 
+.80 

-1.29 
+. 36 

0 

- . 05 
+1. 74 
+.11 

+1.38 
+3.18 

-.14 
-.83 
-.04 
-. 04 

-1 . 05 

- . 58 
0 

-1 . 17 
-1 . 75 

-.10 
-. 04 
-.14 
-.10 
- . 38 

0 

1986 
Low Proj ection 

Rice Wheat 

+ . 04 
+3.35 
+.10 

+2 . 08 
+5 . 57 

-2 . 25 
-2.05 
+ . 44 

-1.36 
-5.22 

+. 20 
+1.55 

- . 83 
+. 92 

-.35 
-3 . 00 
+1.59 

+ . 49 
- 1 . 27 

0 

-.03 
+5.75 
-.23 
- . 16 

+5 . 33 

- . 14 
-1.35 
-. 04 
-.09 

- 1 . 62 

-.70 
- 1 . 31 
-1 . 32 
-3.33 

-.10 
- . 04 
-. 13 
-.11 
- . 38 

0 

High Projection 
Rice Wheat 

-.54 
+1.31 

+ . 11 
+2 . 74 
+3.62 

-3 . 76 
-.25 
+ . 49 

-5 . 36 
-8 . 88 

0 
+5 . 51 

- . 74 
+4.77 

+7.67 
- 4 . 12 
+. 78 

-3.84 
+.49 

0 

- . 09 
+1 . 34 

+ . 17 
+3 . 36 
+4 . 78 

-.30 
-.97 
- . 11 
-.13 

-1. 51 

- . 98 
+.37 

-2.03 
-2.64 

-.15 
- . 07 
-.24 
-.17 
- . 63 

0 

2001 
Low Projection 

Rice Wheat 

+.06 
+4 . 63 

+. 15 
+3.35 
+8.19 

-3 . 59 
-2.09 
+. 23 

- 1 . 52 
- 6 . 97 

+.16 
+2.15 
-1.40 
+. 91 

- . 29 
-4.38 
+2.14 
+.40 

-2 . 13 

0 

- . 03 
+8 . 09 
-. 35 
+. 33 

+8 . 04 

- .25 
- 1 . 74 
-.10 
-.12 

-2.21 

-1.18 
-1.98 
-2.09 
- 5 . 25 

-.15 
-.06 
-.22 
-. 15 
-.58 

0 

aState-wide production estimates are first adjusted for disappearance due to seed, feed and waste . Imbalances are obtained 
by subtracting the state wide demands from their corresponding adjusted production estimates . 

bincludes Himachal Pradesh , Delhi and Chandigarh. 

cincludes Manipur, Tripura, NEFA, Nagaland and Bay Islands. 

dincludes Goa, Daman, Diu, Dadra and Nagar Haveli . 

eincludes Arabian Islands . 
1

Includes Pondicherry . 

,. 

°' 1--' 
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western region , the high project ion estimates D surplus situation on 

all items except wheat while the low projection indicates su r p l uses only 

i.n rice and pulses . S imiJ ar ly, the southern reg ion will be deficit on 

all items except rice under high projection but deficit on all items under 

low projection . Within each region again, there are imbalances ; some 

states are surplus and some are deficit on certain items under food grains . 

Both the projections indicate that food grains production in some states 

might not even be sufficient to meet their corresponding rural require

ments. Only the northern region is estimated to record wheat surplus. 

For rice, the deficit is estimated to occur only in the eastern region 

under high projection and both in the eastern and southern region under 

low projection . 

The widely varying magnitudes of regional imbalances estimated 

under the high and low projections have different implications on the 

government ' s food management operc1tions . Regional disparities in demand 

and supply are relatively less pronounced in high than in low projection . 

Accordingly, the high projection path might not demnnd serious govern

mental involvement in future food management ope1-ations as the quantities 

to purchase and to t,·ansfer from one area to another are l'ikely to be 

relatively small . In fact, unde.r the high project ion, goverrunent pur

chases and transfers uf grains can be significantly reduced through a 

judicious regrot1ping of tl1c sur1>lus and deficit states in difrcrent food 

zones. However, serious problcrns will ar is~ if the <lcmand-supply gap 

follows the low project.Lon path. Regional disp.:1rities \.Jill th~n becon1c 

n1ore severe in intensity than the prl!sc•nL. Sinc1.; the transft"1·s in this 

t 
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situation are likely to involve huge quantities, the government may not 

encourage free trade in food grains; the fear of traders' speculation may 

tempt the government to apply various restrictive measures on free mar

ket operations. 

The instabilities in production are also likely to differ under the 

two projections . Thus, if the production grows along the high projection 

path through an expansion of irrigation facilities, it may also record 

weather- induced fluctuations of lesser intensity because of more land 

under irrigation . In essence, this may result in a high production path 

with a lower variability around it. An opposite pattern is likely to 

emerge if the production grows along the low projection path. A bad 

weather year is, therefore, likely to accentuate the regional imbalances 

estimated under the low than the high projection. 

Evidently, for a steady and equitable distribution, the government 

must ensure, directly or indirectly, adequate transfers of food grains, 

not only from rural to urban areas or from surplus to deficit states but 

also from one year to the next in order to make provisions for future 

production irregularities. Because the magnitudes of regional imbalances 

are likely to be large, transfer of appropriate quantities at reasonable 

prices may not be obtained through the private trade alone . Private 

trade may indulge in hoarding and speculation and fix the mean price at 

a level sufficiently high to call for the government's direct involvement 

in food management operations. The extent of such involvement, however, 

will depend not only on the magnitude of regional imbalances but also 
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on the objectives of the govermnent ' s food management operations. Thus, 

the formulation of a stabilization stock program for food management and 

the identification and estimation of the different components of it can 

only be in this context of a particular frame of reference, stated in 

terms of the policy maker ' s desirability against the backdrop of reality. 

' 



• 

65 

IV. WEATHER AND RESERVE FOOD GRAIN STOCKS IN INDIA 

The wide fluctuations in food grains production in India generally 

are attributed to the weather . Recurring droughts or floods have brought 

uncer tainty in production levels and made sustained growth more difficult . 

Planning to meet the contingency of these inevitable year-to-year 

production fluctations is possible in terms of probabilities determined 

through an analysis of the weather-induced fluctuations in production in 

different parts of the country. This chapter is an historical analysis 

of weather-induced fluctuations in India's food grains production. Rain

fall seems to be the most important factor in the sharp production fluctu

ation . Therefore, suitable rainfall indices are computed to make an 

analysis of the rainfall distribution pattern and its effect on crop output. 

Finally, variations in production are analyzed with the help of rainfall 

indices to determine the size of reserve stocks for meeting specific con

tingencies . 

Causes of Production Fluctuations in India 

The production of a particular crop in any region is the result of 

the acreage and its yield per acre. Yield and acreage can be expressed 

as a function of a number of variables such as fertilizers, pesticides, 

irrigation, prices, etc., which can be changed through policy instruments 

and an uncontrolled variable, "W," comprising the various climatic factors 
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like rainfall, temperature, run of dry days, humidity, day length, etc. 

Any variation in yield or acreage can thus be conceptually partitioned 

into two components, one arising out of the controlled variables and 

the other out of the uncontrolled variable "W". According to natural 

laws, "W" varies and thus causes unexpected variatio11s in yield and 

acreage and,henc~ in production. The various climatic factors enter into 

the production function of a region as exogenous variables which are 

determined or fixed by nature. The productivity coefficients of the 

various endogenous variables in the system differ over space and time 

because the magnitudes of the exogenous or nature•determined variables 

vary (Heady, 1965). 

Variations in agricultural production can thus be man-made or 

nature-made. Even if the climatic factors follow some repetitive pat

tern, the production fluctuations would not be proportional unless the 

relative magnitudes of the effects of these factors on production re-

main constant over time. The physical frame of reference in agriculture 

is, however, not invariant with respect to time; men can influence it 

through technological advances. The variables that are currently exogenous 

can be made endogenous to the system through human skill and knowledge 

at a latter period. Conceptually and practically it is not possible 

to eliminate the unexpected variation in production due to natural 

factors. Although on an experimental plot, for example, water, temper

ture, day length, humidity, wind velocity, etc., can be kept at desired 

levels with artificial techniques. This idealized proposition is, how

ever, difficult to create when we consider the production function of a 
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region or, for that matter, even of a plot on the cultivator's field. 

Physical factors appear as constraints on the production surface; 

their basic differences from region to region lead to differences in 

land use and cropping patterns. 

Soil is the staging area for plant growth and at any location 

its quality is itself an expression of the climate. The biosphere 

over the soil depends on the climate, and the basic soil productivity 

of an area is an expression of the interaction between the biosphere 

d h 1 . 1 an t e c llilate over years . This basic soil productivity at any loca-

tion is not subjected to yearly changes, but undergoes a very slow drift 

over a longer period. For all practical purposes, it is static and can

not be changed. Similarly, when we speak of a region or an area, the 

natural supply of light, temperature, water in the form of rain, etc. 

cannot be changed. Their presence or occurrence become inevitable events 

to the farmers . However, men can influence nature through technological 

advances. The technology of agriculture in any country, a t any period is 

an expression of the desire to influence the various natural factors 

which affect production. 

Given the basic soil productivity and assuming no change in the 

technology of agriculture in an area, crop output fluctuates because the 

relative magnitudes and the occurrence of the various climatic factors 

at any reference point in tirne vary from year to year. These variations 

1
The soil property at any location is expressed by Jenny (1941) 

as: 
S = f (cl, b, r, p, t, ... ) 

where cl - climate 
b - biosphere (vegetation, organism , man) 
r = relief (topography) 
p - parent material 
t - time (age). 
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in occurrence and relative magnitudes of the various climatic factors 

neither follow a unified pattern nor do all of them appear as con

straints on Indian agriculture. Some fluctuate more than o t hers and 

make their impact felt on production. 

Geographically, India falls within latitudes that encompass all 

the deserts in the northern hemisphere; strategic locations of hills and 

t . h f 1 ·d· 2 moun ains save er rom compete ar1 1ty. The escape is, however, not 

total. As a result, agricultural pattern differs significantly from r e

gion to region. 

Studies in many countries to examine the effects of 

various climatic factors on crop output have singled out rainfall and 

temperature as the most :important influencing factors; other factors 

which affect the crops also being largely rainfall or temperature de-

3 
pendent. In India, however, temperature does not appear to be respon-

4 sible for fluctuations in crop output. Also, some factors like snow-

fall, intensity of light, etc., which generally affect crop output in 

Western countries, pose small const~aints on Indian agriculture. 

2
sen .(1969) observed: "India, too, would have been a desert but 

for the location and alignment of its mountains and hills; they have not 
only saved her (from being a desert by helping precipitation) but also 
have given rise to a ntu11ber of rivers whose water irrigates large areas . 11 

3There are exceptions to this general statement. For example, the 
run of dry days, which greatly affects the crops, is independent of temp
erature and quantum of monthly precipitation. See (Oury, 1965; 1967), 
(Organization for Economic Co-operation and Development, 1966) and (Thomp
son, 1962; 1969) which provide fairly exhaustive references on this topic. 

4
An analysis of data (based on analysis of variance) pertaining to 

about SO meterological stations of India, published in World Weather Records 
(U.S. Government, 1967), indicated that monthly variations in temperature 
over the years (data series ranging from 30 to 90 years) were not signifi
cant (some hilly areas were an exception). 
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On the other hand, variation in rainfall from one year to the next 

at any location in India and at any point of time within a year is gen-

s 
erally more than 100 percent. The uneven distribution of rainfall over the 

country is due to its wind currents as well as the elevation and topography 

of the land. The wind currents which bring the monsoon in India, are 

very erratic and cause great variations in timing and amount of rain-

fall, and consequently production. Irrigation and flood control can 

help, but so far their contributions to reducing the fluctuations in 

rice output have been nominal ~ More than 50 percent of the present 

irrigated acreage in the country depends on rainfall. Even the assured 

rainfall regions in India, covering about one-third of the net sown area, 

experience drought once in every five years (Cummings and Ray, 1969b). 

The economic geography of Indian agriculture suggests that the 

rainfall distribution pattern is primarily responsible for differences 

in land use, cropping pattern, settlement, and density of population in 

different parts of the country. When viewed in the light of the country's 

limited irrigation potential, the influence of rainfall on crop output 

will sustain and, perhaps, will be more pronounced as production increases 

at a faster rate. The uncertainties in rainfall will cause the same old 

concern; instability will continue to plague Indian agriculture. 

5
This variation is generally high at the beginning of the southwest 

monsoon which arrives at different dates spreading from May to July in 
different parts of the country (observation based on data described in 
the next section). 

6
some major irrigation projects and dams constructed after inde

pendence have greatly reduced the damages due to floods. Also, unlike 
droughts, damage to crops due to floods is generally of localized nature 
and its effect is relatively small on aggregate production. 
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Rainfall Indices 

An attempt to study weather-induced production fluctuations becomes 

more simple if it is assumed that, for any region in India and at any 

time reference point, (a) the year-to-year variations in the various 

climatic variables are, with the exception of ralnfall, very small and , 

(b) the effects of the interactions of rainfall with various other 

climatic factors on crop output are negligible . The fluctuations in 

production because of weather can be attributed mainly to rainfall . 

Hence, the main need is to study the distribution of rainfall and its 

effect on crop output. This is probably an oversimplification of the 

actual mechanism through which the various climatic factors influence 

crop output . However, the need to consider other climatic variables 

will arise if rainfall is unable to explain the greater part of the 

fluctuations in production. As will be indicated later, rainfall alone 

explains most of the variations in output due to uncontrolled factors . 

Another important reason for restricting the analysis to rainfall 

is the paucity of fairly long time-series data on various climatic vari

ables. Fortunately, fairly long time-series data on rainfall are avail

able for a large number of meteorological stations in India. Meteorolo

gists have divided India into 33 rainfall subdivisions according to 

7 
the rainfall distribution pattern . Data relating to approximately 232 

stations are presently used in the published official weekly reports . 

Of these, 133 stations, with 2 to 6 from each of the 33 subdivisions, 

7
The total number of rainfall subdivisions has been increased 

recently from 33 to 36 . 
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8 
have rainfall records dating back to 1875. The time-series data of 

these 133 stations are condensed to 33 rainfall subdivisions series 

(monthly, from 1975 to 1966) by taking a simple average of the stations 

falling within each of the rainfall subdivisions (see Appendix B). 

The effect of rainfall on crop output at any location is very 

difficult to measure because it is not only the volume of rainfall but 

also its distribution at different stages of plant growth that influences 

the total output. The adequacy and timeliness of the rainfall at the 

sowing period affects the amount of sown acreage. Similarly, the volume 

and distribution of rain at the time of sowing, flowering, maturing, 

and harvesting, affect crop yields. Consideration of these issues would 

necessitate introduction of a large number of explanatory variables into 

the crop rainfall relationship. The problem is that the short production 

data series of less than 20 years does not provide scope for a rigorous 

analysis. Use of a large number of explanatory variables in the struc

tural equation will reduce the precious degrees of freedom for estimating 

the parameters with an adequate level of confidence. Again, the crop 

calendar is not the same throughout the country. For example, rice is 

sown and harvested at different times in the various states and , 

8
Rainfall data of these 133 stations are not available in published 

form . They are obtained through the courtesy of Dr . S.R. Sen ane Mr. J.S . 
Sarma from the Indian Meteorological Department. For details

9 
see Appendix 

B. 
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therefore, is influenced by the adequacy and timeliness of rainfall 

during the crop ' s growth . Taking account of all of these 

differences obviously poses serious problems in statistical estimation, 

unless the various factors are reduced to a manageable limit. Consequent

ly, aggregation of the rainfall data from different parts of the country 

into some suitable rainfall indices at the state and national level 

become essential. 9 

We construct two rainfall index series at the meteorologiral 

subdivisional, state, and national levels-- one for cereals as a whole 

and the other for rice, a principal crop in India production of which 

is greatly influenced by the monsoons (see Appendices Cl to C3). The 

indices are constructed by assigning suitable weights to the volt.mle of 

rainfall in different periods within a year for each of the meteorologi

cal subdivisions. The average of 1959-62 production is taken as the base 

for computing the indices. All the index series are computed ina man

ner such that they have the saine mean (rainfall index 100) but different 

dispersions (for details, see Appendix C). 

The historical record of famines in India provides scope for testing 

the reliability of indices thus computed. In the early years there was 

very limited movement of food grains among the different parts of the 

country, and regional scarcities were attributed to crop failures because 

of floods or droughts. If the indices are fairly good, these should 

0 7

Many ambitious formulae have been developed for constructing 
composite weather indices. Of particular interest is the Program ivindex 
developed by Oury (1967) though its use in an aggregate analysis is rather 
difficult. See (Organization for Economic Co-operation and Development, 
1966) for a review of various formulae for computing composite weather 
indices. 
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then record very abnormal values (too high or too low from the average) 

on famine-affected years of different regions. That this was so is 

clearly evident from a comparison of the cereals rainfall indices with 

the historical record on famines in different parts of the country since 

1875 (Table 8) . 

Table 8. Famines in India 

Year Parts of the Country Affecteda 

1876- 77 

1877-78 

1878- 79 

1884- 85 
1886- 87 
1887- 88 
1888- 89 
1890- 91 
1891-92 
1899- 1900 
1905- 06 
1907-08 
1918-19 
1965-66 

Madras (63 . 9), Maharashtra (67.0), Mysore (70.0), Andhra 
Pradesh (68.2) 
Madhya Pradesh (67.6), Gujarat (49.2), Rajasthan (35.2), 
All India (75 . 0) 
Assam (128 . 6), Bihar (129.4), Uttar Pradesh (129.1), 
Gujarat (185.3), Maharashtra (137.7), Andhra Pradesh (153.6) 
Bengal (80.9) 
Madhya Pradesh (78.3) 
Orissa (78.9) 
Andhra Pradesh (66.9) 
Kerala (79.2) 
Bengal (79.4), Bihar (87.7), Punjab (72.7) 
All India (73.0) 
Maharashtra (65.7) 
Uttar Pradesh (52.5), Punjab (61 . 3), Madhya Pradesh (75.0) 
All India (77.4) 
All India (84.5) 

~umber in parenthes es denotes the cereals rainfall index . 

Source : (Sen, 1967 ; Bhatia, 1967). 

Moreover, if the indices are reasonably good, the distribution 

pattern from 1875 should have some semblance with the corresponding pro

duction pattern. The yearly fluctuations in the national cereals rain

fall index was less severe during 1924-25 to 1950-51 than during the 

period 1900- 01 to 1923-24 (Table 9). This i s consistent with Sen' s 
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findings, and suggests that the relatively stable and unstable periods in 

past food grains production were largely because of rainfall (Sen, 1~67). 

Table 9. Decade-wise mean deviation in all India cereals rainfall index 

Above Normal Below Normal 
Decade Frequency Mean Deviation Frequency Mean Deviation 

1881-1891 8 4.7 2 4.9 
1891-1900 5 12.9 5 10.3 
1901-1910 5 5.4 5 15.1 
1911-1920 4 11.4 6 13.0 
1921-1930 5 3.0 5 6.0 
1931-1940 5 6.3 5 5.8 
1941-1950 7 5.7 3 4.5 
1951-1960 7 9.5 3 12.0 

Effect on Rainfall on Aggregate Production 

A comparison of the historical production pattern with the computed 

rainfall indices is, however, not possible. Evidently, the weights used 

in computing the indices would be different as one moves into the histori

cal past. The indices are, therefore, unlikely to provide a one-to-one 

correspondence with the historical production record even if all details 

were available. The base period used in computing the rainfall indices 

reflects the current regional production pattern of different food crops 

and thus makes the indices more suitable for analyzing the recent pro

duction data series. 

For analysis of the rainfall effect on crop output, we shall con

sider the period 1950-51 through 1964-65, the last year before the in

troduction of the New Strategy. During this period, fertilizer constnnp-

10 
tion was quite low; irrigated acreage increased but the percentage of 

10
consumption of chemical fertilizer in India increased from 65,700 

tons NPK in 1952-53 to 712,000 tons NPK in 1964-65. Fertilizer use during 
this period was, however, mostly confined to commercial crops. 
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the total remained more or less constant; high yielding varieties, with 

the exception of jowar, bajra, and maize were not introduced and production 

increased mainly because of the addition of new land and improved practices 

being applied with the existing technology. Identification and measurement of 

the various factors which contributed towards increased production during 

this period are practically impossible as there are hardly any represen

tative data available for carrying out a rigorous statistical analysis. 

The cumulative effect of all these factors has, however, caused a trend-

like movement in production. Both linear and exponential trend lines 

fitted to the area, production, and yield data for cereals and rice from 

1949-50 through 1964-65 recorded significant time trend at the all India 

level (Government of India, 1966a). Fluctuations around these trend 

lines occurred owing to a host of factors, one of which was obviously 

rainfall.
11 

Therefore, it appears logical to consider the actual obser

vacion as a function of time (a proxy for inputs) and rainfall. 

Three relationships were considered to analyze at the national 

level: the influence of rainfall (Wt) on area (At), production (Xt), 

and yield (Yt) for cereals as a whole and also for rice separately. 

At or xt or yt - a + al + a2 wt (1) 0 

At xt yt + a1 T + a 2 i.1t + 2 
(2) or or - a a3 wt 0 

log At or log Xt or log Yt = a
0 

+ a 1 T + a 2 log wt (3) 

where Tis a linear integral valued time variable with values 1, 2, 3 ••• 

and w tis the rainfall index for cereals or for rice. 

11 
Throughout the discussion here, trend line is defined by keeping 

the rainfall index constant at 100. 
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Equation (1) is linear in time and rainfall; it ignores the adverse 

effect of excessive rainfall such as a flood. The quadratic term w2 in 
t 

Equation (2) is included to take into account this effect; it introduces 

a single curvature in the regression surface. Area, production, or yield 

changes under this relationship occur from one index point to another 

with an optimum at Wt - (a2/2a3). Consistent results would require 

a 2 > 0 and a3 < 0 (if too much or too little rain has a detrimental 

effect, the surface should record a single maxima on the positive quadrant). 

Variations due to rainfall is superposed over an exponential growth curve. 

Since the marginal increase in production is likely to decrease with in

crease in Wt we should expect a 2 to lie between O and 1. 

Details of the regression analysis, carried out at the all India 

level with the data from 1950-51 through 1964-65 (Appendix CB) provided 

some interesting results (see Appendices C9 and ClO). Either Equation 

(1) or Equation (3) can explain more than 90 percent of the variations 

in cereals area, production, and yield and indicates strong positive 

effects of rainfall. Similar results also are obtained for rice; how

ever, both equations suggest that rice acreage is not significantly 

influenced by rainfall. 2 Equation (2) hardly improves the value of R 

from that obtained by using either Equation (1) or Equation (3). How

ever, in all cases, it provides Wt and w; coefficients with consistent 

signs. 

Though insignificance of Wt and w2 coefficients does not speak 
t 

positively for Equation (2), the consistent signs of the coefficients 

I 
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suggest that the indices are probably not sensitive enough to measure 

the flood effect on area, production, and yield. However, even with very 

sensitive indices, it is difficult to measure the effect of floods in 

an all-India analysis. Although floods are frequent in all areas of the 

country, their effect on the aggregate level is relatively small. Equa

tion (2) will, therefore, be more appropriate for use in regional 

1 . 12 ana ysis. 

The significant coefficients and high value of R2 are not sufficient 

to attach confidence on the impressive results provided by either Equa

tion (1) or Equation (3). In fact, they are deceptive. The high value 

of R
2 

is obvious because of the highly significant trend variable which 

practically explains all the variations. The value of D-statistic is 

low enough to suspect positive serial correlation. This is particularly 

so for acreage and suggests that a linear time variable is not adequate 

to explain the trend in acreage; its use can be reasonably justified 

only for production and yield analysis. Even if we ignore these, there 

are some conceptual problems that speak against the use of Equation 

(1) and against the mode of analysis. Equation (1) has apparently pro

vided good fit to area, production, and yield data. However, by defini

tion, production equals yield multiplied by acreage and only Equation (3) 

12
This is substantiated from an analysis of state cereal yields 

over states. Equation (2) fitted to the cereals yield index from 1952-53 
through 1964-65, provided for all the states W and w2 coefficients with 
consistent signs. The states which provided significint results are 
given in the Table below [cereals yield data from Government of India 
(1966~and rainfall index from Appendix CS.] 
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satisfies this definitional identity, since 

log X = log (AY) = log A+ log Y. 

Of the three relationships considered, the choice is therefore limited 

only to the form postulated in Equation 3. 13 

Again, with favorable rain, marginal lands are generally brought 

under cultivation. Evidently, the average yield will be adversely af

fected unless the marginal lands are of the same quality. The actual 

effect of rainfall thus gets obscured in an average yield analysis be

cause of the interaction between acreage and productivity. In this con

text, yield-rainfall analysis is debatable. 

13 
Estimated Coefficient of a 

Constant T w w2 R2 
Assam -20.84 -0.03 2.20* -0.0100* 0.69 

(0.02) (0.63) (0.0030) 
Orissa -69.16 1.45* 2. 781• -0.0116* 0.64 

(0.59) (1.22) (0.0056) 
Rajas than -100.11 0.24 3.80* -0.0166* 0.57 

(0.56) (1.13) (0.0050) 
Madhya Pradesh -102.43 1.38* 3.28* -0.0140* 0.68 

(0.42) (1.12) (0.0051) 
Gujarat -103.52 4.19* 3.46* -0.0139* 0.72 

(l.20) (1.11) (0.0046) 
Maharashtra -104.32 1.12* 4.07* -0.0204* 0.74 

(0.58) (1.63) (0.0083) 
~Iysore -92.93 2.72* 3.43* -0. 0153,·, 0.92 

(0.32) (1.00) (0.0046) 
Kerala +35.06 2.84,'c 0.81* -0.0030* 0.96 

(0.24) (0.32) (0.0014) 

aFigure in parentheses denotes standard error. *=significant at the 
five percent level. 

If Equation (3) is accepted for yield, acreage, and production 
analysis, then for consisrent results, the coefficient of W estimated 
from production data should not be significantly different from the total 
of the corresponding coefficients estimated from yield and acreage analy
sis. In the derived results (Appendices C9 and ClO). The total of the 
W coefficients estimated from cereals acreage and yield data is 0.36 
(t0.12 + 0.24) and that for production is 0.36; similarly, for rice the 
corresponding values are 0.56(=0.06 + 0.50) and 0.56. Since the values 
are identical, the need for a statistical test of significance does not 
arise here. 
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Our primary concern is to explain production fluctuation around 

its trend line. These fluctuations are due to the joint effect of yield 

and acreage fluctuations and these, we postulate, arise mainly from the 

year- to- year variations in rainfall. If the indices are reasonably good, 

it should then be possible to explain a greater part of the residual 

variations in production around its trend line . Since an exponential 

growth curve explained reasonably well the trend in production during the 

period studied, it follows that the year-to-year changes in production 

would have remained constant if there were no variations in rainfall 

from one year to the next. However, since the latter varied, the rela

tive changes in production also recorded fluctuations. Taking the first 

differences, therefore, it follows from Equation (3) that 

log xr,t - a1 + a 2 log Wr,t (4) 

where xr,t = 100 (Xt/Xt_1 ) and wr,t = 100(Wt/Wt_1 ) 

The above equation expresses relative change in the current 

year's production solely as a function of relative change in the current 

year ' s rainfall and explains the fluctuations in production around the 

asst.lliled form of constant production growth rate (which is the antilog 

of a1 + 2a2) curve. However, studies conducted at micro-levels suggest 

that farmers in India make rational acreage allocation with the objec

tive of maximizing expected profits.
14 

These studies usually suggest 

a Nerlovian type adjustment lag model, a modified version of which in 

logarithimic form can be stated as follows (Maji, Jha, and Venkataramanan, 

1971): 

14
For reference, see footnote 8 in Chapter II. 
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* 
log At - b

0 
+ b1log Pt-l + b

2 
log Wt 

* log At - log At-l = B (log At - log At-l) 

and the two together in reduced form provide 

* where Pt-l is the previous years relative price of the crop, At is the 

planned acreage, and other variables are as defined. 

Additional variables like lagged yield, total irrigated area, etc., 

and such other variables hypothesizing risk aversion rationality on the 

part of farmers (Behrman, 1968; Maji, Jha and Venkataramanan, 

1971) can be easily considered in the structural equation. However, 

not all the variables have always provided significant results in micro 

studies and as observed by Raj Krishna even farmers' response to economic 

incentives cannot be asserted for everywhere in the country (Krishna, 

1967). 

Even if the Indian farmers' response to economic incentives is 

accepted as applicable throughout the country, there are serious limi

tations to estimate it for an analysis at the national level. First, 

no data are available representing national farm prices of a commodity. 

Second, even if these prices were available, determination of relative 

prices for use in a national analysis is, itself, a subject of consider

able research . The two items those being considered here, cereals group 

and rice, are of year-round activity in India and as such all other 

crops practically compete against them. Determination of national 

relative prices of these two items will require careful weighting of 
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the regional relative prices. Any such attempt meets with frustration 

because of lack of information and paucity of data. 

Some micro-level studies suggest that farmers are more influenced 

by absolute than relative prices (l·1aj i, Jha and Venkataramanan, 1971). 

The implication could be that in traditional and subsistence agriculture, 

the farmer's ability to switch over to alternative crops according to 

economic signals is limited; marginal adjustments occur only to the ex

tent opportunity permits. 

At the national level, such an oppo~tunity can be reasonably ex

plained by considering the previous year's production or yield or rain

fall as an influencing factor for acreage allocation. In a traditional 

and subsistence agriculture, farmers more or less follow a rigid cropping 

pattern. Acreage allocations are made with the expectation of certain 

yield levels. The actual acreage, however, deviates from the expected 

because of the over-riding influence of monsoons. If the realized yield 

exceeds expected level, the resulting comfortable position provides 

opportunity to the farmers to grow next year some other crops in addition 

to their traditional crops. These individual actions of the farmers 

(influenced more by climatic than economic factors) are likely to make 

a significant cumulative impact at the national level. The reverse is 

likely to occur if the realized yield falls short of expectation. If 

this hypothesis is correct, then the inclusion of the previous year's 

rainfall or yield or production as an independent variable in the esti

mating equation should more adequately explain past production fluctua

tions around the trend. 
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We have endeavored to explain past production fluctuations by 

considering various combinations of the variables Wt, W 
1

, Y 
1

, and 
t- t-

p 1 in the estimating equation, the details of which are given in Appent-

dix Cll. The conclusions are: 

-
(1) In general, the inclusion of lagged variables improve the 

value of R2 • 

(2) The coefficient of Wt is remarkably stable. 

(3) The pLevious year's above normal rainfall or yield or pro

duction has a significant negative effect on the current year's 

production. 

(4) The previous year's price has a positive but insignificant 

effect on the current year's production. 

The equations considered appropriate for estimating the reserve 

stocks are: 

Cereals: log X - 1.6660 + 0.3545* log W - 0.1799* log W (4.1) 
r,t (0.0894) r,t (0.0808) r,t-l 

(R
2 = 0.72, D-Statistic = 2.28) 

Rice: log X - 1.6468 + 0.5004* log W - 0.3153* log W 
r,t (0.1316) r,t (0.1308) r,t-l 

(4.2) 

2 
(R = 0.74, D-Statistic = 2 ~70) 

(Figure in parentheses denotes standard error. Significance at 5 percent 
level is denoted by*). 

The above equations can be read as follows: If the production 

trend line is defined as one corresponding to the normal rainfall in-

dex 100, then a one point rise above normal in the current year's rainfall 
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• index will cause cereals production to record a positive deviation of 

0 . 35 percent of the corresponding trends value (0 . 50 percent for rice) . 

If the previous year ' s rainfall was one point above normal, it would de

press the current year ' s cereals production by 0.18 percent of the cor

responding trend value and similarly 1 0.32 percent reduction will take 

place in rice production . 

Thus, 70 percent of the variations in cereals and rice production 

around their respective trend lines can be accounted for by past and 

current rainfall . Weather-corrected growth rates, computed from these 

estimated equations, suggest that if rainfall were uniformly the same 

dur ing this period, cereals and rice production could have increased 

15 at higher rates than was actually recorded. The above equations do 

not include any policy variable and attribute production fluctuation en

tirely to rainfall . This weakness is acknowledged . Because the primary 

cause of production fluctuation is uncertain weather, short term policy 

measures can only help to influence the level of production but cannot 

stabilize it . 

Distribution of Rainfall Indices 

The frequency distribution of state cereals and rice rainfall 

index revealed some interesting results (see Appendices C6 and C7) . 

The cereals and rice rainfall index for each state has a unimodal dis

tribution; however, the distribution has varied widely from state to 

15
weather- adjusted, annual compound growth rates for cereals and 

r ice were obtained as 3.51 and 3 . 99 percent. The corresponding weather 
unadjusted rates were 3 . 16 and 3 . 37 percent (Government of India, 1966a) . 
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state. The variability in the cereals and rice rainfall index is 

relatively higher in the northern than the eastern states. Also, the 

present food surplus states have higher variability in rainfall than 

the deficit states. 

Large sample tests, carried out on the observed frequency distribution 

of the rainfall indices, suggest that the asstnnption of normality in rain

fall distribution is statistically valid for all the states' rainfall index 

series.
16 

The question that is uppennost in one's mind, however, is 

whether the distribution of these rainfall indices follows a stochastic 

process. Specifically, the question is whether the realization of dif

ferent values of rainfall indices is independent of time or follo,vs a 

definite pattern. As already pointed out, the national cereals rainfall 

index series followed a pattern closely resembling the historical pro

duction record. The amount of oscillation in the cereals rainfall in-

dex, itself, oscillated and recorded alternatively and relatively higher 

and lower oscillations of roughly 24 years span. Is this phenomenon 

(observed in the last 90 years' rainfall data) because of a chance 

relationship or is there any deeper significance in the relationship? 

16F or testing normality, 

- I yl/ (6/n)l/2 I 

- IY2/(24/n)112 I 

the computed statistics 

are compared with a normal distribution with zero mean and unit standard 
deviation, where J/? 

y 1 = coefficient of skewness = µ3/ (µ2) ... , 
y 2 = coefficient of kurtosis = (µ

4
/µ~) - 3, 

µ2 ,µ3 ,µ 4 are second, third, and fourth central moments and 'n' is the 
total frequency (Kendall and Stuart, 1958). 

I 
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The available statistical tools are hardly adequate (Kendall 

and Stuart, 1966) to solve the complexities of the problems involved 

in identifying the hidden periodicities in the rainfall distribution 

pattern. A rigorous study of the joint distribution of divisional 

rainfall indices would involve mathematical complexities to the point 

of practical impossibility. Spectral and cross-spectral analyses 

provide some promise; unfortunately, the series we have is too short 

for the application of these sophisticated techniques (Granger, 1964). 

We shall, therefore, consider a less ambitious approach and examine 

whether the distribution of rainfall indices could be treated as random. 

Since all our calculations will be based on the results derived from an 

all-India analysis, we shall examine here for randomness only in the all

India cereals and rice rainfall index series. It might be noted that 

the conclusions which we shall arrive at are only approximates; for the 

all-India series is an agglomeration of a complex phenomenon generating 

a substantial number of different rainfall distribution patterns in 

different parts of the country. 

Three tests are applied. The first is a turning point test by 

counting the peaks and troughs in the series and comparing it with the 

t d b f t . . . d . 17 expec e num er o urning points in a ran om series. If the series 

is random, the expected ntn11ber of turning points 'p' is given by E(p) -

2/3 (n-2), with variance V(p) = (16n-29)/20, where n is the total 

number of terms in the series (Kendall and Stuart, 1966). Also, the 

17A "peak" is a value which is greater than the two neighboring 
values in a time series. Similarly, a "trough" is a value that is lower 
than its two neighbors. Peaks and troughs in a time series are called 
turning points. 
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mean interval between turning points in a random series is about 1.5 with 

a variance of about 9/(l0n) . Against the expected number of turning 

points at 59.33 for randomness (2x89/3 since n is equal to 91, from 1875-76 

to 1965-66), the actual numbers observed in national cereals and rice 

rainfall index were 66 and 60, respectively. Also~ the mean intervals be

tween turning points obtained fromthecereals and rice rainfall indices 

were 1.34 and 1.44, respectively. These values are reasonably close to 

a series with random nature. 

The second test applied examined the distribution of phase lengths. 

In a random series, the probability of a phase of length 'd' either rising 

or falling
18 

is given by, 2(d
2 

+ 3d - 1)/d + 3)!, where (d + 3)! = 1.2.3--

(d + 2) (d + 3) (Kendall and Stuart, 1966). If the series is random, the 

expected number of phases of length 'd' in a series of 'n' terms is given by 

Nd - 2(n-d-2)(d2+3d+l)/(d+3)! 

and the expected number of all possible phase lengths is given by 

N. 1/3 (2N-7). 

Table 10 provides the observed and expected number of different phase 

lengths in national cereals and rice rainfall index series. To examine 

2 6 2 the goodness of fit, X (Chi Square) statistic was computed and 7 X was 

compared against the tabulated value for 2 degrees of freedom (Kendall 

and Stuart, 1966). In both cases, the test for goodness of fit provided 

a positive answer, suggesting, thereby, that both the index series can 

be considered as random. 

18
To define a phase of length d (say, a run up), (d+3) consecutive 

terms are required, involving a fall from first to second, a rice from 
second to third, third to fourth---(d+l)th to (d+2)th and a fall from (d+2)th 
to (d+3)th. In a series of length n, there are only (n-d-2) possible phases of 
length d. 
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Finally, the serial correlations are examined. Theoretically, 

19 in a random series, the serial correlation rk is zero for all k ex-

cept for k=O for which r 0 = 1. In a short series, the observed serial 

correlations do not strictly assume the theoretical values. They 

fluctuate because of sampling effects and also they are biased downwards. 20 

This is evident from the first 25 serial correlations computed from 

cereals and rice rainfall index series (Table 11). With the exception 

of r 15 and r 18 , the magnitude of all these coefficients is very close to 

zero and justifies the assumption of randomness in the rainfall distri

bution pattern. The reasons for r
15 

and r
18 

to record higher values are 

difficult to find out; they could be spurious or due to some hidden 

generating process. Since our short series does not provide scope for 

probing deeper into the causes for these higher values, we would like 

to give the benefit of doubt and assume the rainfall indices are random

ly distributed. 

19
For computational purpose, the following formula is used 

n-k 
rk 1 L (Wi-W) (Wi+k-W) - -

(n-k) i=l 
1 n (W. -\.J) 2 
n L l 

i=l 
n 

- 1 E where w - w. n i=l 1 

W - rainfall index 

201n a random 
v(rk) = 1/n. Thus, the 

series of large 
bias in r in a 
of the or~er of variance is 

sample 
ra~dom 
n . 

size n, E(rk) = -(l/n-1) and 
series is -(1/n-l)while its 
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Table 10. Observed and expected phase lengths 
rainfall index 

• cereals in and • rice 

Phase Observed Expected x2 s · · - ::a t:Ls tic Length Cereals Rice (fo!.~ cereals Cereals Rice 
or rice) 

1 46 35 36.67 
2 16 22 15.95 2.48 3.25 3 3 2 4.54 Total 65 59 58.33 

Table 11. Serial correlation of all-India cereals and rice rainfall 
index 

Order of 
Correlation 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

Cereals 

-0.00 
0.08 
0.09 

-0.16 
0.01 
0.10 
0.04 
0.14 

-0.16 
-0.06 
0.08 

-0.08 
-0.04 

Rice 

' -0.09 
-0.11 
0.14 
0.01 
0.04 
0.02 
0.02 
0.13 

-0.17 
-0.11 
0.02 

-0.07 
-0.14 

Order of 
Correlation 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

Cereals 

0.14 
-0.30 
0.05 

-0.04 
-0.21 

0.10 
-0.09 
0.01 
0.14 
0.06 
0.15 
0.03 

Rice 

0.15 
-0.29 
0.07 

-0.03 
-0.26 
0.11 

-0.03 
-0.03 
-0.01 
0.03 
0.19 
0.03 

• 
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Probable Changes in the Es timating Parameters 

The crucial factors in estimating the variations in future cereals 

and rice pr oduction in India owing to rainfall are the distribution pattern 

of rainfall indices and their effects on production . The question is can 

we take these as invariant over time and, if not, what adjustment should 

we make to estimate the variability in future production owing to rainfall? 

The indices computed from past rainfall data were a 

single realization from an unknown population. For each year 't,' the 

rainfall index Wis a random variable with unknown mean and variance 

and the actual value observed is a s ingle sample realized from this un

known universe . If the universe i s , itself, undergoing changes (i.e., 

if Ws ar e samples from different populations), there is no way of esti

mating the parameters from sample observations recorded over time. 

If, however, we assume the stationarity in mean and variance, it . e , E(W) 

and V(W) to remain constant for all 't' then under certain conditions it 

can be shown mathematically that the sample mean and variance computed from 

the r ecorde d time series data provide their estimates . 

The question, therefore, is whether the distribution of rainfall is 

likely to undergo a ny change in the future. The answer is, of cour se , not 

known . And even if the natural factors r emain the same , there are other 

man-made factors that could disturb the assumption of stationarity . For 

example, if the countryside is gradually denuded of a l l forests, both the 

mean and variability in rainfall indices could undergo changes . The same 

might also happen if the t echn ique of a rt ificial rain-making becomes practical 

with wide applicability. Based on current technology and knowledge, however , 

• 
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these possibilities are too remote or arc unJ ikely to have effect . Past 

data suggest that the assumption of stationarity in mean and variance in 

rainfall indices , is reasonably val id . We , therefore, agree and assume 

that for future years , rainfall indices will record the same distribution 

as observed in the past . 

Since the normal weather production in any year is defined as expected 

production (trend level) corresponding to the average rainfall index 100, 

the actual production then will be above or below the expected level-

according to whether the rainfall index is above or below the average. The 

question is: \,'ill the probability distribution of production variations 

in absolute tenns (i.e . variations expressed in say, million tons) also 

remain invariant over time? 

We earlier estimated the f'f fec-t of rainfall on production 

from past data . Since the rainfall response coef [ icients are expressed 

as a percentage of expected production (trend level) , the probability 

distribution of output deviation in absolute terms will be a function 

of the trend level of production . Thus , if the probability distribution 

in production variations expressed as a percentage of the trend is assumed 

to be the same for all future years, the probabilities of the magnitudes 

of absolute deviations in production will increase witl1 an increase in 

the level of production. This is one extreme of the situation that is 

likely to occur if the food grains production grows along the lo\v path . 

The future production in India unc.ler the high projection is nnti

cipated to grow at a higher. rate than thnt: observed in the past. This 

higher. growth rate is to co1ne from an increase in irrigated ncrcnge . 
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However, an expansion in irrigated acreage tends to reduce the instability 

in production because of rainfall variations, and the estimated rainfall 

response coefficients are, therefore, likely to decline over time. If 

the estimated rainfall response coefficients are agreed to reflect pro

duction variations with absolute production at the 1970- 71 level and then 

all assumed to decline at the same rate as production increases (i.e. 

area under irrigation increases), then the coefficient of variability in 

production around the trend will also record the same rate of decline. 

Under such an assumption, the probability distribution of absolute deviations 

in production will remain constant for all future years and one has to 

compute the probabilities of absolute deviations in production by using 

only the 1970- 71 estimated normal-weather production. 

The probability distribution of the absolute deviations in produc

tion, estimated under the high or low path, will be somewhere between 

these two alternatives, and to compute the distribution of actual varia

tion in production, one has to continuously update the type of analysis 

made here. To simplify the estimation procedure for reserve stock re

quirements at different probability levels, we shall consider only the 

second alternative which provides stationarity in probability distribution 

of absolute variations in production for all future years. Under such 

an assumption, the future additional production (assumed under the high 

or low projection) over the 1970-71 normal-weather production level to 

meet population and per capita demand growth becomes free from any fluc

tuation. If the expected value of future production is assumed equal to 
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the corresponding demand, then the production for any future year 't' is 

X + 6Y 
t 

where Xis random, E(X) is equal to 1970-71 normal-weather production 

estimate and 6Yt is the additional increase in production over the cor-

-
responding value (under the high or low projection) based on expected 

normal-weather production of 1970-71. Since ~yt is assumed free from any 

stochastic component, the domestic supply will equal the corresponding 

demand only if the former is equal to E(X) + 6Y. However, as Xis a ran-
t 

dom variable, actual availability in year 't' will fluctuate around the 

corresponding demand. Therefore, in order to stabilize domestic supply 

around the level of demand the maintenance of stocks will become necessary 

so that these stocks are released or replenished to reduce the amplitude 

of fluctuation in X. 

Obviously, the results based on the above assumption will provide 

the minimum stock requirement estimates for the future years. Precise 

estimates for any year are likely to be above these levels unless the 

technique of production reduces the intensity of fluctuation around the 

future production path. 

Estimated Requirements for Reserve Stocks 

With national rainfall indices as obtained from 1875-76 and produc

tion at 1970-71, Table 12 provides year-to-year absolute deviations in 

cereals and rice production (estimated with the help of Equations 4.1 and 

4.2) which would result if the same sequences of cereals and rice rainfall 



Table 12. Rain-induced fluctuations in all-India cereals and rice production 

With 
Rainfall 
Index as 

1877-78 
-79 
-80 
-81 
-82 
-83 
-84 
-85 
-86 
-87 
-88 
-89 
-90 
-91 
-92 
-93 
-94 
-95 
-96 
-97 
-98 
-99 

1900 
-01 
-02 
-03 
-04 
-05 
-06 
-07 

Deviation in Production 
Percent of in mil. ton from 

the trend 1970-71 level 
Cereals Rice Cereals Rice 

-3.79 -1.34 -3.51 -.56 
+15.76 +17.16 +14.60 7.17 

-4.04 -5.31 -3.74 -2.22 
-6.82 -6.35 -6.32 -2.65 
+5.85 +4.65 5.42 1.94 
-1.18 -2.73 -1.09 -1.14 
-2.24 -1.08 -2.08 -.45 
+5.43 +5.43 5.03 2.27 
-5.15 -3.11 -4.77 -1.30 
+4.32 +l. 76 4.00 0.74 
-2.75 -13.66 -2.55 -5.71 
-2. 74 17.53 -2.54 7 .32 
+5.50 .93 5.10 .39 
-0.55 -3.42 -0.51 -1.43 
-7.26 -9.77 -6.73 -4.08 

+17.43 +15.34 16.15 6.41 
-8.60 -2.72 -7.97 -1.14 
+0.13 -6.07 0.12 -2.52 
-6.42 .82 -5.97 .34 
+3.79 1.57 3.51 .66 
+0.93 -3.29 0.86 -1.37 
+o. s2 9.25 0.48 3.86 

-10.38 -15.21 -9.62 -6.15 
+21.01 17.13 19.46 7.16 
-16.50 -15.26 -15.29 -6.38 
+8.62 11.28 7.99 4.71 
+2.84 -1.58 2.63 -.66 
-9.36 -8.32 -8.70 -3.48 
+3.04 7.91 2.82 3.30 
+9. 61 3.24 8.90 1.35 

• 

With 
Rainfall 
Index as 

1907-08 
-09 
-10 
-11 
-12 
-13 
-14 
-15 
-16 
-17 
-18 
-19 
-20 
-21 
-22 
-23 
-24 
-25 
-26 
-27 
-28 
-29 
-30 
-31 
-32 
-33 
-34 
-35 
-36 
-37 

Deviation in 
Percent of 
the trend 

Cereals Rice 

-12.54 -10.05 
+12.59 11.56 

-2.65 -.69 
-0.22 -4.33 
-8.14 -4.56 
+6.88 4.14 
-1.87 2.32 
+6.82 1.36 
-7.63 -4.29 
+9.26 5.50 
-1.73 -1.13 

-13.65 -9.89 
+18.42 12.83 
-12.62 -10.28 
+10.49 10.16 

-1.54 -.26 
-5. 71 -11.81 
+5. 79 11.96 
-4.17 -3.81 
+4.22 .98 
-2.20 -4.47 
-3.16 1.90 
+3.73 2.43 
-1.36 -1.83 
+3.17 .83 
-5.30 -4.36 
+9.63 12.45 
-7.08 -12.21 
-0.83 3.24 
+6.46 9.28 

\0 
w 



Table 12 . (Continued) 

With Production 
Rainfall i n mil. ton from 

Index as 1970-71 level 
Cereals Rice 

1877- 78 - 11.62 -4.20 
- 79 11.66 4.83 
- 80 -2.45 -.29 
- 81 -0.20 -1.81 
-82 - 7 .54 -1.91 
-83 6.37 1.73 
- 84 -1.73 .97 
- 85 6 . 32 .57 
- 86 - 7.07 -1.79 
- 87 8 .58 2 .30 
- 88 -1.60 -0.47 
- 89 - 12.65 -4.13 
- 90 17 .06 5.36 
-91 - 11.69 -4.29 
-92 9 .72 4.24 
-93 - 1 . 43 -.11 
- 94 - 5 .29 -4.93 
- 95 5 .36 5.00 
-96 - 3 .86 -1.59 
- 97 3 .91 .41 
-98 - 2 . 04 -1.87 
-99 - 2.93 .79 

1900 3 . 46 1. 02 
-01 - 1 . 26 -.76 
-02 2.94 .35 
-03 - 4 .91 -1.82 
- 04 8 .92 5.20 
-05 -6 . 56 - 5 .10 
-06 - 0 .77 1.35 
-07 5 .98 3.88 

With 
Rainfall 
Index as 

1937-38 
-39 
-40 
-41 
-42 
-43 
-44 
-45 
-46 
-47 
-48 
-49 
-50 
-51 
-52 
-53 
- 54 
-55 
-56 
-57 
-58 
-59 
-60 
-61 
-62 
-63 
-64 
-65 

Deviation in Production 
Percent of in mil. ton 

the trend from 1970-71 
Cereals Ric e level 

Cereals Rice 

-6.55 -13.24 -6.07 -5.53 
5.27 11.11 4.88 4.64 

-7.36 -9.13 -6.82 -3.81 
6.47 5.85 5.99 2.44 

-5.07 -4.61 -4.70 -1.93 
8.82 6.09 8.17 2.54 

-5.29 -2.17 -4.90 -.91 
3.27 -2.23 3.03 -.93 

\.0 

-5.14 -2.29 -4.76 -.96 +=' 

5.64 +8.66 5.22 3.62 
-2.52 -5.02 -2.33 -2.10 

0 .12 0 .05 
.51 1.78 .47 .74 

-1.86 -3.31 -1.72 -1.38 
-5.52 - 5 .00 -5.11 -2.09 

5.83 5.83 5.40 2.44 
7.55 8.92 6. 99 ' 3.73 

-7.07 -10.47 -6.55 -4.37 
6.52 5.66 6.04 2.36 

.08 5.23 .07 2.18 
-10.10 -14.51 -9.36 -6.06 

7.78 6.83 7.21 2.85 
-2.04 -1.83 -1.89 -.76 

.86 5.59 .80 2.34 
4.04 -.09 3.74 -.04 

-8.54 -9.83 -7.91 -4.11 
3. 93 8.26 3.64 3.45 
3. 57 1 .99 3.31 .83 
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indices were to repeat itself in future. Table 13 provides the frequency 

distribution of these deviations. There appears to be a roughly 10 per

cent chance (i.e., once in every ten years) of cereals output recording 

fluctuations within million tons and about 20 percent chance (i.e. once 

in every five years) of their recording fluctuations within t 2 million 

tons. For rice, the chances of fluctuations lying within~l and~2 million 

tons are roughly once in every four years and once in every two years 

respectively. 

The standard deviations in national cereals and rice production 

due to rainfall, with production at 1970-71 level, are estimated at 6.8 

and 3 . 3 million tons. Based on the asst.llllption of stationarity mentioned 

in the previous section, it follows that the average deviations in future 

cereals and rice production in India are expected to lie within the ranges 

+ 6.8 and+ 3 . 3 million tons. Also, since the rainfall indices have normal 

distribution, it follows that variations in production because of rainfall 

will also be normally distributed. Using the property of the normal distri

bution we can, therefore, conclude that a reserve stock, equivalent to twice 

the standard deviation, will be adequate in 95 percent of the cases to 

offset any individual year's production fluctuation due to rainfall. This 

suggests the need to have a reserve of about 14 million tons of cereals 

with about 6 million tons of rice in it. However, a stock at these levels 

may or may not protect the farmers or consumers if the good or bad years 

come in sequences. The question, therefore, is how frequent is the occurrence 

of these sequences and how severe is their impact on production? 

• 
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Table 13. Frequencies of deviations in production 

Deviations in Production 
(expressed as percentage 

of the trend or in million 
tons from 1970-71 
production level) 

< -14.99 
-14.99 to -12.50 
-12.49 to -10.00 
-9.99 to -9.00 
-8.99 to -8.00 
-7.99 to -7.00 
-6.99 to -6.00 
-5.99 to -5.00 
-4.99 to -4.00 
-3.99 to -3.00 
-2.99 to -2.00 
-1.99 to -1.00 
-0.99 to 0.00 
+0.01 to 1.00 

1.01 to 2.00 
2.01 to 3.00 
3.01 to 4.00 
4.01 to 5.00 
5.01 to 6.00 
6.01 to 7.00 
7.01 to 8.00 
8.01 to 9.00 
9.01 to 10.00 

10.01 to 12.50 
12.51 to 15.00 

> 15.00 

Percentage Frequency 
When deviations When deviations 
are expressed as 

percentage of the 
trend 

Cereals Rice 

1.12 2.25 
3.37 3.37 
3.37 6.74 
1.12 4.49 
3.37 1.12 
5.62 0.00 
3.37 2.25 
7.87 2.25 
2.25 6.74 
2.25 5.62 
7.87 5.62 
6.74 6.74 
4.49 3.37 
6.74 5.62 
0.00 6.74 
1.12 2.25 
7.87 2.25 
3.37 3.37 
7.87 7.87 
5.62 2.25 
2.25 1.12 
2.25 3.37 
3.37 2.25 
1.12 6.74 
1.12 1.12 
4.49 4.49 

are estimated in 
million tons from the 

1970-71 production level 
Cereals Rice 

1.12 
1.12 
2.25 
3.37 
1.12 
4.50 
6.74 3.37 
3.37 3.37 
5.62 8.99 
3.37 2.25 
7.87 5.62 
7.87 14.61 
4.49 13.48 
6.74 13.48 
0.00 5.62 
3.37 10.11 
8.99 6.74 
1.12 5.62 
8.99 2.25 
4.50 1.12 
2.25 3.37 
4.50 
1.12 
1.12 
1.12 
3.37 
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With an exceptionally bad year, such as 1901-02, cereals and rice 

production would record deviations of 15.29 and 6.38 million tons, re

spectfully. Similarly, with an exceptionally good year, such as the one 

recorded for cereals in 1900-01 and for rice in 1888-89, the corresponding 

production would record deviations of 19 . 46 and 7.32 million tons. Thus, 

to make a liberal provision for any individual best or worst year in the 

future it will be sufficient to maintain about 17 million tons of cereals 

with a rice component of about 7 million tons. However, the chances of 

these types of events occurring are about onc e in a century and, with such 

a remote chance, the need to maintain the above levels of stocks can be 

questioned. 

In fact, when we look into the sequences of good or bad years of 

production, the need to maintain higher levels of stocks appears unnecessary 

to some extent. With rainfall indices as obtained from 1875-76 and with 

production at the 1970-71 level, the cumulative production deficits or 

surpluses that occurred in sequences are given in Table 14. Notice that 

21 the sequences of length 2 are more frequent than sequences of other lengths, 

i . e . , two consecutive years of good or bad harvest are more likely than 

any other prolonged sequence. There are six sequences for cereals, one of 

length 3 and the rest of length 2, in which the cumulative production defi

cits or surpluses were above 10 million tons. If we consider the averages 

of the three worst and the three best sequences then the cumulative produc

tion deficits or surpluses could be of the order of -11.5 and 11.6 million 

21E b b·1· . xact pro a 1 ities 
(Feller, 1950) . 

of these sequences can be obtained from 
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tons. This suggests the need to hnvc a reserve stock of roughly 12 million 

tons to take into account most of the worse and best sequences of cereals 

production . 

Similarly, for rice there are five sequences, each of length 2, in 

which production deficits or surpluses exceeded 5 m~llion tons . If we 

consider the averages of the two worst and the three best sequences, then 

th,e cumulative production deficits or surpluses can generally be of the 

order of -5.3 and 6.4 million tons. This suggests a reserve stock of about 

6 million tons of rice. Tl1us, to even out most of tl1e worse and best 

sequences of production, it appears adequate to maintain 12 million tons of 

cereals plus about half of it in ri ce reserve . 

Tables 12-14 also provide the percent deviations from cereals and 

rice production trend lines which would result if the srune sequences 

of rainfall indices were to be repeated in the future . From the past 

record it appears that, in one of every four years or less, the cereals 

output is likely to record a 3 percent or less deviation from its ex

pected level and, for rice, tl1is deviation is likely to be within 2 

percent from the corresponding expected level. Also , the cumulative 

production· deficits or surpluses in any two years from the correspond

ing expected levels is estimated to exceed a total of 15 percent. Thus , 

if the intensities of production fluctuations around the trends follo\vS 

the past patterns then~ to meet any contingency of the above types~ 

the future requirements for reserve stocks will increase along with 

the increase in the level of production . This n1eans all the earlier 

• 

• 
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es tima t es de rived on the assumption of s t a tionarity in a bs olute devia 

tions in production will grow at a rate commensurate with the rate of 

increase in production. 

The stock requirements suggested here are entirely from the con

sideration of estimated production fluctuations due to the historical 

variations in rainfall. As will be shown in the next chapter, various 

other considerations also are equally important in determining the size 

of reserve, and the appropriateness f or any s pecific l evel of res erve 

for the future can be judged only by examining the costs and benefits 

that it will accrue to the nation. 



Table 14. The cumulative production deficits or surpluses occurred in sequences for cereals and rice 

With production 
fluctuation as 

occurred in 
sequences 

1879-81 
1882-84 
1887-89 
1890-92 
1896-99 
1902-04 
1905-07 
1909-12 
1917-19 
1922-24 
1927-29 
1934-36 
1947-49 
1950-52 
1952-54 
1955-57 
1960- 62 
1963-65 

CEREALS 
Cumulative Production 

Deficit(-) or Surplus (+) 
When deviations 
are expressed as 
percentage of the 

trend 

-10.86 
- 3.42 
-5.49 
-7.81 
+5 . 24 

+11.46 
+12.65 
- 11 . 01 
-15.38 
-7.25 
-5 . 36 
-7.91 
-2.52 
-7.38 

+13.38 
+6.60 
+4 . 90 
+7. 50 

When deviations 
are estimated in 
mil . tons from 

the 1970-71 level 

-10 . 06 
-3.17 
-5 . 09 
-7.24 
+4.85 

+10.62 
+11.72 
- 10 . 19 
-14.25 
-6.72 
-4 . 97 
- 7.33 
-2 . 33 
-6 . 83 

+12 . 39 
+6 . 11 
+4.54 
+6. 95 

Length of 
the sequence 

2 
2 
2 
2 
3 
2 
2 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

, 

With production 
fluctuation as 

occurred in 
sequences 

RICE 
Cumulative Production 

Deficit ( - L~~ or Surplus (+) 
When deviations When devia t ions 
are expressed 
as percentage 
of the trend 

-11.66 
- 3.81 

+18 . 46 
-13.19 
-8.79 
+2 . 39 
-9.90 

+11.15 
-9 . 58 
+7.82 

-11.02 
-12.07 
+4 . 33 

+12.52 
- 6 . 69 
+1 . 90 
-8 . 31 

are estimated 
in mil. tons 

from the 
1970-71 level 

-4. 82 
-1.59 
+7.71 
-5.51 
-3 . 66 
+l.00 
-4.14 
+4.65 
-4. 01 
+3 . 27 
-4.60 
-5 . 04 
+1.81 
+5 . 23 
-2 . 80 

Length 
of the 
Sequence 

1879-81 
1882-81 
1888-90 
1890-92 
1893-95 
1895-97 
1903-05 
1905-07 
1909-12 
1912-15 
1917-19 
1922- 24 
1928-30 
1935-37 
1943-46 
1948- 50 
1950-52 
1952- 54 
1955-57 
1961-63 
1963-65 

+14 . 75 
+10.89 

-9 . 92 
+10 . 25 

+. 79 
-3.47 
+6.17 
+4.54 
-4 . 15 
+4. 28 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 ______________ ___:=-:~--~~--~~-__:__ 

f--' 
0 
0 



• 

101 

V. EVALUATING THE BUFFER STOCK PROGRAM 

A policy maker may state his stabilization objective by specifying 

the desirable limits of fluctuation either in the level of consumption 

or in the price or farm income. In generai he will have to operate the 

program under the limitations of availability of funds and storage 

capacities . Although operational funds may be readily available, stor

age capacity is something that must be planned in advance . The level 

of storage capacity to plan for also depends on the predetermined 

stabilization level. If it is stated, a probabilistic approach can be 

used to determine the necessary operational funds. Together, the cost 

will be substantial and can be justified only against the benefits 

forthcoming. 

A two-stage procedure has been adopted for evaluating the buffer 

stock program. To determine the storage capacity requirement for future 

years, storage rules aimed at stabilizing consumption within specified 

limits are first used to examine the consequences of operating with 

different storage capacities on price and farm income variations. A 

simulation approach is then outlined for estimating the costs and bene

fits of operating the buffer stock program with fixed storage capacities 

and given storage rules aimed at stabilizing price within specified 

limits. 
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Estimation of Storage Capacity Requirements for 
Stabilizing Consumption 

The main objective of the storage program is to reduce the 

variability in consumption due to output fluctuations by restricting 

consumption in years of good crops and augmenting it in lean years. 

Thus, if we consider the quantity Yt released or withdrawn as a func

tion of the current output Xt, then a simple statistical rule for 

stock operation can be derived as follows: Choose a such that 

Yt = a(Xt - µn)' so that the variance ~s
2 

of consumption st= xt - yt is 

reduced. Evidently, a is to be chosen at some preassigned probability 

level unless the plan is for complete stabilization (a=l) or unless 

the criterion is stated in terms of the desired variance os 2 of St. 

If the distribution of output follows some standard probability 

model, the value of a can be easily determined from published statisti

cal tables. We have already shown that the probability distribution 

of output variations due to rainfall follows a normal distribution, 

N (µx' ox] and, therefore, 

~ N [O, a o] 
X 

For a given percentage deviation in production (say K) from its average, 

the value of a can then be determined from normal probability distribu

tion tables as follows: 

If, Prob . of 
> K is say y , choose a 



• 

' 

such that Prob. of Is - u I 
t n 

(1-a)ox 
probability level o, where o 

• 
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is reduced to some preassigned 
> K 

< y. 

Y can, of cours~ become positive or negative and since 
t 

n 
L 

t=l 
after operating the rule for n year is E 

t=l 

the total amount added to s t orage 

Y with mean zero and stan-
t 

<lard deviation (n) 1 12ao--n. Thus, the total stock requirement (Z) t o run a 

successful consumption stabilization program over a period of n years, 

with the probability of success at v can be estimated from the normal 

probability distribution table where 

Prob. of z 
(n) l/2a,crn 

= V • 

It then follows from chapter II that if the supply elasticity, £ = 0 

C - C (1 - a )/n p X 

C - C - C r p X 

where C x' C and C are p r the coefficients of variation in production, 

• and farm income . price, 

Tables 15 and 16 provide the estimates for cereals and rice stock 

requirements, to carry out the consumption stabilization program over 

two different time periods of 15 and 25 years length under different 

storage rules and their corresponding implications on price and fann 

income stability at three different success probability levels ( v) 

0.950, 0.975 and 0.990. The rules are specified by the values of 

a determined at probability levels ? :0.20, 0.15, 0.10, 0.05 and 0.01. 

All calculations are based on the assumption of stationarity in mean 

1 



Table 15. Implication of different statistical storage rules for cerealsa 

1. Storage rule: Value of a 

2 . Stock requirement for a 
fifteen year period (mil. 
tons) with the prob. of 
success vat 
a. 0 950 
b. 0.975 
c. 0.990 

3. Stock requirement for a 
twenty-five year period 
(mil. tons) with the 
prob. of success vat 
a. 0 . 950 
b . 0.975 
C. 0. 990 

4. Coefficient of variations 
in consumption 

5. Coefficient of variations 
in price when the price 
elasticity of demand is 
a. 0. 45 
b. 0.50 
c. 0.55 

6. Coefficient of variations 
in farm income when the 
price elasticity of de
mand is 
a. 0.45 
b. 0.50 
c. 0.55 

Without 
Storage 
Program 

0 

0 
0 
0 

0 
0 
0 

7.37 

16.38 
14.74 
13.40 

9.01 
7 . 37 
6.03 

0.20 

0.1942 

8.45 
10.07 
11.95 

10.91 
13.00 
15.43 

5.94 

13.20 
11 . 88 
10 . 80 

5.83 
4 .51 
3.43 

With Storage Program 
Probability Levels (6) 

0.15 0.10 0.05 

0.3457 

15.04 
17.92 
21.27 

19.42 
23.14 
27 . 46 

4 . 82 

10. 72 
9 . 65 
8.77 

3.35 
2.28 
1.40 

0.4708 

20.48 
24.41 
28.97 

26.44 
31.51 
37.40 

3.90 

8.67 
7.80 
7.09 

1.30 
0.43 
0.28 

0.5877 

25.57 
30.47 
36.17 

33.01 
39 . 34 
46.69 

3.04 

6 .7 5 
6.08 
5.53 

0.62 
1.29 
1.84 

0.01 

0.7085 

30.83 
36.73 
43.60 

39 . 80 
47.42 
56 . 29 

2.15 

4 . 78 
4.30 
3 . 91 

2.60 
3.07 
3.46 

a~n= 92.64 mil. tons; ox= 6.83 mil tons; probability of 5 percent variation in cereals 
output is 0 . 2488; price elasticity of demand at the mean assumed for the three different levels 
are 0.45, 0.50, and 0 . 55, respectively. 

f-' 
0 
~ 



Table 16. Implications of following different statistical storage rules for ricea 

1. Storage rule: Value of a 

2 . Stock requirement for a 
fifteen year period (mil. 
tons) with the prob. of 
success v at 
a. 0.950 
b . 0.975 
c. 0 .990 

3. Stock requirement for a 
twenty-five year period 
(mil . tons) with the prob. 
of success vat 
a. 0.950 
b. 0.975 
c. 0.990 

4. Coefficient of variations 
in consumption 

5. Coefficient of variations 
in price when the price 
elasticity of demand is 
a. 0.50 
b. 0.75 
C. 1. 00 

6. Coefficient of variations 
in farm income when the 
price elasticity of de
mand is 
a. 0.50 
b. 0.75 
c. 1.00 

Without 
Storage 
Program 

0 

0 
0 
0 

0 
0 
0 

7.85 

15.70 
10.46 

7.85 

7.85 
2.61 
0 

0.20 

0.2433 

5.08 
6.06 
7.19 

6.56 
7.82 
9.28 

5 .94 

11.88 
7.92 
5.94 

4.03 
0.07 
1.91 

With Storage Program 
Probability Levels (o) 

0.15 0.10 0.05 

0.3855 

8.05 
9.60 

11.39 

10.40 
12.39 
14.71 

4.82 

9.65 
6.43 
4.82 

1.80 
1.42 
3.03 

0.5030 

10.51 
12.52 
14.86 

13.57 
16.17 
19.19 

3.90 

7.80 
5.20 
3.90 

0.04 
2.65 
3.95 

0.6128 

12.80 
15.26 
18.11 

16.53 
19.70 
23.38 

3.04 

6.08 
4.05 
3.04 

1.77 
3.80 
4.81 

0.01 

0.7262 

15.17 
18.08 
21.46 

19.59 
23.34 
27.71 

2.15 

4.30 
2.87 
2.15 

3.55 
4.98 
5.70 

aµn= 41.78 mil. tons; ox= 3.28 mil. tons; probability of 5 percent variation in rice 
output is 0.2621; price elasticity of demand at the mean ~ssumed for the three different levels 
are 0.50, 0.75 and 1.00 respectively. 

, 

I-' 
0 
ln 

• 
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and variance (in absolute terms) of the normally distributed output 

with mean at the 1970- 71 normal weather pr oduction levels. The price 

elasticities of demand for cereals and rice are considered at thr ee 

different levels around the val ues estimated i n chapter II and t he 

supply elast i cities in both the cases are assumed to be zero . 

Some quite startling conclusions follow from these statistical 

rules. Without the storage program, the level of consumption will 

record a variation of 7 . 37 percent for cereals and 7 . 85 percent for 

rice . With the storage program, the buying and selling operations 

during good and bad harvest years to reduce variability in consumption 

will also reduce the variability in farm income. But, the higher 

the magnitude of the price elasticity of demand, the more rapid will 

be the convergence of the farm income towards complete stabilization 

than that of consumption. In fact, corresponding to the cereals price 

elasticity of demand at 0.45, 0 . 50, and 0.55, farm income will be com

pletely stabilized by the storage rule with a at 0.55, 0.50, and 0 . 45 . 

In case of rice, complete farm income stabilization will be achieved 

by the storage rules with a at 0.50, 0 . 25 and O (i.e. no storage) 

corresponding to the values of ~(price e l as t ic ity of demand) a t 0 . 50, 

0.75 and 1.00,respectivel y. However, none of the storage rules at the 

above levels will completely stabilize price and consumption. Any at

tempt for further reduction in price and consumption variability beyond 

the complete farm income stabilization level can be obtained only at the 

cost of increasing instability in farm income and maintaining huge stocks . 
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Since the probability distribution of the absolute deviations 

in production is assumed to remain stationary for the f u ture years, 

Cx and, hence, all the estimated values of the coefficient of variation 

in consumption, price, and farm income will decline at the same rate 

as the production increases . Thus , if the production grows along the 

high path then , without a storage program, the variabilities in the 

cereals and rice consumption levels are expected to decline from 7 . 37 

and 7 . 85 percent in 1971 to 4.71 and 4 . 53 percent in 1986 and to 3 . 03 

and 2 . 96 percent in 2001 . Under the low projection path, the variabili

ties in the cereals and rice consumpt i on level will drop to 4 . 94 and 4.83 

percent in 1986 and will further decline to 3.56 and 3.48 percent in 

2001 . Looking at the stock requirements under different 

storage rules and those based on the historical analysis, it seems 

appropriate to have a maximum storage capacity of 15 to 21 million 

tons cereals and follow the storage rules aimed at stabilizing consump

tion with about 3 percent variation . For rice, it seems appropriate 

to have a maximum storage capacity of 7 to 9 million tons and follow 

the storage rules aimed at s tabilizing consumption with about 3 percent 

variation . 

One thing apparent from these results is tha 4 contrary to the 

usual belief , a storage program with a financial constraint for main

taining large stocks will benefit the producers more than the consumers. 
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A Simulation Approach for Evaluating the 
Buffer Stock Program 

Suppose now that the future production plans are such that under 

normal-weather conditions annual production approximately equals cor

responding demand. Also, suppose that the intention is to keep price 

within two specified limits over a given time period and with a given 

storage capacity . What will be the corresponding costs and benefits 

in running the program over the entire period? 

Because the magnitude of output fluctuation for any year is 

uncertain, the intentions of the buffer stock agency may or may not be 

realized throughout the period. It is constrained by available grain 

in storage or available empty space in storage which, in turn, is a 

function of the storage rule and the sequential occurrance of the mag

nitude of output fluctuation in prior years . For any year, the storage 

activity is thus determined by the level of production, storage rule, 

and the storage activity in preceding years. 

It is now clear that the costs and benefits of the buffer stock 

program aimed at a desired level of stabilization will be governed by 

the manne~ in which the time-ordered production sets occur. Because 

future production fluctuation cannot be predicted accurately, the determin

ation of costs and benefits of a buffer stock scheme also cannot be precise. 

These can only be expressed within some confidence limits. To do this, the 

same buffer stock operation scheme is to be repeated over a large num-

ber of sample production data sets. 
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Time-ordered production sets for the future years can be generated 

by drawing sets of random samples from the normally distributed popula

tion of rainfall indices and estimating the magnitudes of their effects 

around the future production path. Given Equations 4.1 and 4.2, the 

procedure for generating the future production sets will then run as 

follows: 1) draw a random sample of rainfall indices for the future 

period under consideration from the normally distributed population of 

rainfall indices with mean 100 and standard deviation as estimated; 

2) using the sample values of current and previous year's rainfall 

indices, determine, for each year t, the percentage deviation in pro

duction from the normal-weather production trend line; and 3) with the 

assumption of stationarity, as mentioned earlier, determine the devia-

. . . 11. d d . h th ' . . d 1 h tion in mi ion tons an a Just t e t years anticipate norma -weat er 

production level accordingly. 

The evaluation of the buffer stock program for any specified 

future period can then proceed from a large number of sequentially 

ordered production sets thus generated by considering different storage 

rules and computing in each case , the discounted present value of 

various benefits and costs for each production set; and, finally 

determining their expected values and standard deviations by combining 

the estimates derived from all the sample sets. 

Since the accent in buffer stock operation is more towards pro

tection of consumers' interest, it would be appropriate to specify 

the storage rules with variables of direct concern to the consumers. 

• 
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This can be done by specifying pennissible fluctuation limits in price 

or quantity supplied for consumption. Suppose the rule specifies that, 

over the entire period, prices should remain within a given range. 

With price elasticity of demand known, this is equivalent to saying 

that fluctuations in supply should not exceed cerfain limits . 

Storage rule expresses the intention of the policy maker, consumma

tion of which is conditioned by the particular storage scheme adopted. 

Different types of storage schemes can be considered. Generally, any 

scheme will require specification of two parameters --an initial level 

of stock with which to start the program and the maximum accomodation 

available for storage. Since the first year of operation could as well 

be a bad year, an initial stock is necessary. Also, as storage accomoda

tion cannot be expanded at short notice, maximum storage capacity needs 

to be specified in advance. For the purpose of illustration, we shall 

assume that the operation begins with an initial stock equal to the 

given maximum storage capacity and consider, for a given storage rule, 

the following three different types of storage schemes: A) Stock 

operation is confined only to the domestic markets and no foreign 

trade on grains is allowed; also, the opening stock for the second and 

subsequent years can be zero. B) Foreign trade in grains is allowed 

to attain the desired level of stabilization; opening stock for the 

second and subsequent years can be zero. C) This scheme remains basic

ally the same as the second one but the opening stock for the second 

and subsequent years is not allowed to fall below a certain level. 
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Step-wise computations of the storage activities under each of 

the above storage schemes are outlined for a typical sequentially 

generated sample production set i (i=l,2 .. ,k) for a period of length n. 

Xist = Normal weather production estimates assumed equal to 

corresponding demand (t=l,2 ... ,n). 

+QF. - Storage rule for the year t. Given the intention to limit - 1st 
-price fluctuation at ~ percent of the equilibrium price P 

and the price elasticity of demand at the mean n,I+ QF. I -
- 1st 

n ~ X. ,and+ QF. provide the permissible limits of 1st - 1st 

fluctuations around X .. 
1st 

QF. t - Deviation from X. t' estimated with the help of the crop-
1r 1S 

rainfall relationship given in the previous chapter from 

the i th sample rainfall index set . 

QSidt - Desired procurement(+) or release(-) of grains to follow 

the storage rule. Q Sidt is of the same sign as QFirt 

with magnitude 

lqsidt l = IQFirt l -. l+QFist l ' if IQFirt l > l~QFist l 
= 0 otherwise. 

QSibt - Opening stock under the storage scheme. In the first year 

of operation, QSibtis assumed equal to M
1

, the maximum 

storage capacity. For subsequent years 

where M2 is the minimum opening stock requirement and QS. is the 
1.rt 

actual amount of grain stored(+) or relased (-) under the scheme. 

Note that QS. tis different from QS.d as the latter is only an 
1.r 1. t 
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expressed desire of the policy maker. M
2 

is assumed zero for the 

storage schemes of the type A and B. Therefore, 

i) If QSidt :_ 0, QSirt -2 0 and 

IQS I Min. of irt -

ii) If QS . d > 0 QS O and 
1. t - ' irt .::_ 

IEit =Import(+) or export(-) under the storage scheme. IEit is 

Also, for scheme A,IE. = 0. 
l. t 

To evaluate the buffer stock program under different storage 

schemes, we shall consider several evaluation indicators. In what 

follows, the evaluation will center around estimation of the expected 

value and standard deviation of a number of indicators suitable for 

comparing alternative buffer stock schemes. Also, for each scheme 

we shall consider an initial capital investment for storage construc

tion and purchase of grains as required. With the cost for storage 

construction C per unit, initial capital investment will be assumed 

equal to M1 (P+C). 

If Pit and Pit' be the free market prices at the purchasing center, 

-with and without the storage schemes and P the equilibrilllll price around 

which stabilization is sought, then 

-p ' = p 
it 

l _ (QF irt - QSirt + IEit) 

n .x. t 
l. S 

- QF. t 
P ' = P 1- 1.r 
it riX. t l.S 

and 
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where QF. t QS. , and IE.tare taken with their appropriate signs. ir, irt 1 

With the discount factor a, we first present the computation of the 

indicators from the i
th

s arnpl e set , whe r e each set be ing of l ength n 

years (t=l,2 .•• ,n): 

1) Average Percent Deviation of Price from the Equilibrium Level (I1i ) : 

n 1/2 

111· = l E \100 (P. -P)Jpl 
2 

n t =l l it I 
-on simplification, r

1
i will be independent of P. 

2) Average Percent Deviation of Farm Income from the Trend (1
2

.): 
1/2 l - - i 2 121. - 100 (P.tX. t + P.t.QF. t - P.X. t)/PX. t( 

t=l l 1s i ir lS lS J 

-on simplification, r 2i will also be independent of P. 

3) Average Size of Opening Stock (I
3
i): 

n 
13i = l E (QSibt - QSirt) 

n t=l 

4) Total Imports (14 .) and Total Exports ( 1' 1 .): 
; i 4 1 

n 
I 4i = total imports = E IEi t, if IE it > 0 

t=l 

r •
4

i = total exports -
n 
E IE it , if IE it < 0 • 

t=l 

S) Present Value of Imports (I
5
i) and Exports (I'si): 

Assuming the value per unit of imports and exports at P' and P" 

r
5

i = present value of total imports= -P' 

I'si - present value of total exports 

n 
E ct=-1IE 

it' 
t=l 

if IE. > 0 
it 

if IEit < 0 
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6) th 
Change in Farm Income due to storage int year (1

6
. ) 
it 

' 16it = (Pit - pit) (Xist + QFrit) 

d h 1 f h . f . f h • th an t e present va ue o c anges in arm income rom t e 1 sample 

set (I6i) 
n 

161· - L O!t-11 
1 6it t= 

7) Present Value of Net Financial Benefits in Stock Operation from 

Domestic Source (I
7
i): 

Let P. + c1 be the financial cost per unit for purchasing and storing it 

the grain and Pit+ c 2 be the financial benefit per unit (price minus 

handling an<l other charges) for selling grain from the buffer. 

th Then, tor the t year, 

17 . = financial cost = -I QS. t I . (P. t+c
1
), if QS. > 0 it 1r 1 irt 

r7it = financial benefit = I QSirtl (Pit+c
2
), if QSirt < 0. 

and the present value of net financial benefits from thei th sample set, 

n l-1 
E a 

t=l 
17 . , r7 . may be positive or negative or zero. it it Evident-

ly, the values of the indicators will be different for different sample 

production sets. For evaluating the buffer stock program under different 

storage schemes, one will, therefore, have to consider the expected 

value and standard deviation of the indicators, estimated from the kth 

sample production sets. 

For any of the above indicator I., 
J 

k 
Expected Value - 1 E 

k 
i=l 

I .. , and 
Ji 

these are thus, given by, 
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k 1/2 
1 2 

k I: Standard Deviation L - I .. k(k-1) 
i=l J1 J 

k -
where I. - 1 L I .. 

J - J1 k i=l 

• Costs and Benefits in Buffer Stock Operation 

Tabl e 17 illustrates the cal culations i nvolved in evaluating a 

buffer s t ock program over a 15- year period. Column 2 (X. t) pr ovides 
1S 

an a nnual projected normal- weather cereals production estimates fo r 

the 15- year period . If normal weather prevails over the entire period, 

annual production is expected to equal corresponding demand, and the 

price to remain stable . In reality, the situation will be dif ferent 

and pr ices will record fluctuations . The desire is to keep the price 

fluctuations throughout the period within a range of+ 2 percent of 

the equilibrit.nn price . With price elasticity of demand constant at 

- 0 . 45 , the above intention provides the storage rule and sets the per

mi ssible limits of fluctuation(+ QF. ) around the supply (pr oduction) 
- 1st 

t r end line (col. 3). Actual fluctuations (QF. ) around the trend 
1rt 

line, generated by a sample rainfall index set and Equation 4.1 is 

shown in col . 4 . The desired procurement or release(+ QS.d) to 
- 1 t 

fol l ow the storage rule is then determined (col. 5). 

Columns 6- 7, 8-10 and 11-13 provide details of the buffer stock 

oper ation under the thr ee storage schemes . To illustrate, the maximum 

stor age capacity is assumed at 3 million tons for all the schemes . 

The computations a r e self- explanatory. Scheme A does not ensure sta-

bilization up to the desired level for all the years. Schemes Band 



Table 17. Illustration of buffer stock operation under different storage schemes (million tons) 

1969-70 Pro- Desired Actual . Desired Scheme A Scheme B Scheme C 
j ected pennissi- flue- Procure- Open- Stored Open- Stored Import Open- Stored Import 
normal- ble flue- tuation ment (+) ing (+) or ing (+) or (+) or ing (+) or (+) or 
weather tuation or re- stock released stock released export stock released export 
produc- lease (-) (-) (-) ( - ) (-) (-) 
tion 
X. t +QF. QF. QSidt QSibt QSirt QSibt QS. IEit QSibt QSirt IE . l.S - l.St 1.rt irt it 

1 2 3 4 5 6 7 8 9 10 11 12 13 
1969-70 92.13 0 . 83 -5.78 -4 . 95 3.00 -3 . 00* 3.00 -3.00 1 . 95 3 . 00 -2 .00 2 . 95 
1970- 71 97.58 0.88 2.67 1 . 79 0.00 1.79 0.00 1.79 - 1 . 00 1.79 
1971-72 103.36 0.93 -0.45 - 1 . 79 - 1 . 79 - - 2.79 
1972-73 109.48 0 . 98 2.14 1 . 16 1.79 1 . 16 1.79 1 . 16 - 2.79 0 . 21 -0.95 
1973-74 115.96 1 . 04 2.41 1.37 2 . 95 0.05* 2.95 0 . 05 -1.32 3 .00 - -1 . 37 
1974- 75 120.92 1.09 4 . 06 2.97 3.00 -* 3.00 - - 2 . 97 3 . 00 - -2.97 

r' 1975-76 126.09 1 . 13 -1 . 15 -0 . 02 3.00 -0.02 3.00 -0 . 02 - 3 . 00 -0 . 02 - I-' 
(j\ 1976-77 131 . 49 1 . 18 -3 . 07 -1.89 2 . 98 -1.89 2.98 -1.89 - 2.98 -1 . 89 

1977-78 137 . 11 1.23 2.31 J • 08 1 . 09 1 . 08 1.09 1.08 - 1.09 1 . 08 
1978-79 142 . 98 1. 29 0.29 - 2.17 - 2.17 - - 2 . 17 
1979-80 149.41 1 . 34 -3.51 -2 . 17 2 . 17 -2.17 2 . 17 -2.17 - 2 . 17 -1 . 17 1 . 00 1980-81 156 . 13 1.40 3.70 2.30 0 . 00 2.30 0 . 00 2.30 - 1 . 00 2.00 -0.30 1981-82 163.15 1.47 -0.18 - 2.30 - 2.30 - - 3.00 
1982-83 170 . 48 1 . 53 -2.30 -0.77 2.30 -0.77 2 . 30 -0 . 77 - 3.00 -0.77 
1983-84 178 . 15 1.60 2 . 16 0 . 56 1.53 0.56 1 . 53 0.56 - 2.23 0.56 

*Stabilization up to the desired level not achieved . 
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C guarantee it through both imports and exports . The frequency and 

volume of imports and exports under Scheme 7 are larger than under 

Scheme 2 as in the former opening stock in any year is not allowed to 

fall below 1 million tons. 

Let P, P' and P" be Rs. 800, 610 and Rs. 500 per ton, c
1 

and 

c2 each equal to Rs . 160 per ton and a equal to 0.93 (corresponding 

to a 7 percent interest rate). The values of the indicators cor

responding to the sample illustration given in Table 17 would then be 

as given in Table 18 . The expected values of the indicators will thus 

depend not only on the sample production sets but also on the selected 

values of the various parameters entering into the computation. 

Table 18. Sample illustration of storage benefits 

Indicator Unit Without With Storage 
Storage A B C 

1li percent 5.44 3 .25 1.80 1.80 

12i percent 2 . 52 1.39 1.28 1.28 

1
3i 

mil. tons 1.94 1.94 2.40 

14i mil. tons 1.95 3.95 

I'4i mil. tons -4.29 -5.59 

15i Rs . mil. -11.90 -21.09 

I'5i Rs. mil. 1906 2388 

1
6i 

Rs . mil. -1196 1278 1278 

.l7 i ks . mil. 1252 1138 569 

To assess the financial implications of running a 15-year buffer 

stock program, covering the Fourth, Fifth, and Sixth Five-Year Plan 
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periods of India (1969-70 through 1983- 84), the simulation exercise 

was carried out in 1971 by selecting a range of values for the para

meters around the prevailing levels (Table 19). Projected normal

weather production estimates for each of the 15-year periods were 

assumed equal to corresponding demands with production rising from the 

1968-69 normal-weather estimate of 86.98 million tons of cereals and 

41.07 million tons of rice to the corresponding levels of 115.96 and 

59.72, 142.98 and 73.32, and 178.15 and 91.11 million tons, respective-

1~ in 1973-74, 1978-79, and 1983-84. Using the estimated distribution 

pattern of the rainfall indices and Equations 4 . 1 and 4 . 2, 500 sample 

production sets were generated separately for the cereals group and 

rice around their respective projected growth paths and these were 

then used for estimating the above indicators for the cereals group 

and rice separately. Also, because the financial costs and benefits 

in buffer stock operation depend heavily upon the location where the 

grain is stored, four possibilities were considered: (a) Grains stored 

at the consuming centers and sold &lso at these centers at a fixed 

-price, 5 percent higher than P (e.g. selling through the Fair Price Shops). 

The financial cost and benefit per ton were taken as Rs. (P. +160) and 
it 

Rs. (1.05 P - 50). (b) Grains stored at the consuming centers and 

sold in the retail markets of these centers at a price to cover the 

total costs of stock operation. The financial cost and benefit per 

ton were each taken as Rs. (Pit+l60). (c) Grains stored at the consum

ing centers but sold in these centers at a price to compete with the 
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free wholesale market prices . The financial cost and benefit per ton 

were taken as Rs. (Pit+l60) and Rs. (Pit-50). (d) Grains stored at the 

purchasing centers and also sold in these centers at a price to compete 

with the free wholesale market prices. The financial cost and benefit 

per ton were taken as (P. +100) and (P.t-50). 
it i 

Table 19 . Selected values of the par ameters 

Parameter 

C (Rs./ ton) 
-P (Rs/ton) 

n (Percent) 

<Jl (Percent) 

a (Percent) 

1,1 

1
.
1
1 

(mil. t on) 
2 

P ' (Rs./ ton) 

P' '(Rs) ton) 

P. +cl 
it (Rs./ton) 

Pit +c2 

Cer eals 

150 

750,800 ,850 

-0.45 

2,3,4,5 

93.4579 

[
5 . OJ [ 7 . OJ [9. 0] 111. OJ 
2 .0 2.s 3.o L 3.s 

/ ) J 

610 

500 

(a) 

(c) 

P -:-160 
i t 

l . OSP-50 

P . +160 
it 

P -50 it 

(b) P. +160 
it 

P. +160 it 
(d) Pit+lOO 

Pit-so 

Rice 

150 

800,850,900 

-0. 75 

2,3,4,5 

93.4579 

[
2.07 [3. 07[4.07 [s.07 
o . 5J 1 .oJ 1.sJ 2 . oJ ) , , 

1010 

900 

(a) Pit+l60 

l.05P- 50 

(c) Pit+l60 

Pit- so 

(b) Pit+l60 

P. +160 it 
(d) P. +160 

it 
Pit- so 

Tables 20 and 21 provide the expected values of the first five 

indicators ob tained f r om the simulation run for the period 1969- 70 

through 1983-84 when different storage rules and schemes were adopted 

for the cereals as a whole and rice (for standard deviations of the 

estimates, see Appendices Table Dll and Table Dl2). With no s torage 

program, the sample estimates of average deviation in pr ice and farm 
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Table 20. Expected values of storage benefits for cereals: stabilization around any specified price P 

(A) 

(B) 

(C) 

(D) 

Price Dev.b 
Fann Income Dev.b 

C Ave. Opt. Stock 
Total Irnportsc 
Total Exportsc 

Price Dev.b b 
Farm Income Dev . 

C Ave. Opt. Stock 
Total Importsc 
Total Exportsc 

Price Dev.b b 
Farm Income Dev. 

C Ave. Opt. Stock 
Total Importsc 
Total Exportsc 

Price Dev.b b 
Farm Income Dev. 

C Ave. Opt. Stock 
Total Importsc 
Total Expor~sc 

Scheme-A 
M1=5.0 M1=7.0 M1=9.0 M1=ll.O M1=5.0 
M2=0.0 M2=0.0 M2=0 . 0 M2=0.0 M2=0.0 

3. 21 
1.62 

3.20 

3.62 
1.69 

3 . 32 

4.03 
1.89 

3 . 49 

4.41 
2 . 13 

3.68 

2.98 
1.67 

4 . 84 

3 . 47 
1.69 

5.06 

3.94 
1 . 88 

5.31 

4.36 
2.12 

5.57 

2. 89 
1.69 

6.68 

3.42 
1.69 

6.97 

3.91 
1 . 87 

7.27 

4.35 
2.11 

7 . 56 

2 . 86 
1 . 69 

8.63 

3.40 
1.69 

8 . 95 

3.91 
1.87 

9.26 

4.34 
2.11 

9 . 55 

1 . 80 
1.36 

3.20 
2 . 11 

-4 . 67 

2.55 
1 . 19 

3 . 32 
1.31 

-3 . 83 

3.20 
1.32 

3.49 
0.76 

-3.18 

3 . 75 
1.60 

3.68 
0 . 40 

-2.64 

Scheme-B 
M1=7.0 M1=9.0 
M2=0.0 M2=0.0 

1 . 80 
1.36 

4.84 
0.89 

-4.26 

2.55 
1.19 

5.06 
0.48 

-3.64 

3.20 
1.32 

5.31 
0 . 23 

-3.12 

3.75 
1.60 

5.57 
0.10 

-2.61 

1.80 
1 . 36 

6 . 68 
0.34 

-4.20 

2.55 
1.19 

6 . 97 
0.15 

-3.63 

3.20 
1 . 32 

7.27 
0 . 06 

-3.11 

3 . 75 
1.60 

7.56 
0 . 02 

-2.61 

Scheme-C 
M1=ll.O M1=5.0 M1=7.0 M1=9.0 M1=ll.O 
M2=0 . 0 M2=2.0 M2=2 . 5 M2=3.0 M2=3 . 5 

1.80 
1.36 

8.63 
0.11 

-4.19 

2.55 
1 . 19 

8.95 
0.04 

-3.62 

3.20 
1.32 

9.26 
0.01 

-3.11 

3 . 75 
1 . 60 

9.55 
Neg. 

-2.61 

1.80 
1 . 36 

3.81 
4 . 52 

-6.11 

2 . 55 
1.19 

3.85 
3.10 

-4.70 

3.20 
1 . 32 

3.92 
2.07 

-3.69 

3.75 
1 . 60 

4.00 
1 . 30 

-2 . 90 

1 . 80 
1 . 36 

5 . 33 
2.57 

-4.89 

2.55 
1.19 

5.43 
1.65 

-3. 96 

3.20 
1.32 

5.57 
0.99 

-3.25 

3 .75 
1.60 

5.73 
0 . 55 

-2.66 

1 . 80 
1 . 36 

6 .99 
1 . 38 

-4.39 

2 . 55 
1 . 19 

7.16 
0.80 

-3.69 

3.20 
1 . 32 

7 . 37 
0 .43 

- 3 . 13 

3.75 
1 . 60 

7.61 
0.20 

I -2 • 62 

1 . 80 
1.36 

8 . 78 
0 . 71 

-4.23 

2 . 55 
1 . 19 

9.02 
0.36 

-3.63 

3.20 
1.32 

9 . 29 
0.17 

-3.11 

3 . 75 
1.60 

9.56 
0.07 

-2.61 

aStorage rules aimed at limiting price fluctuations at 2,3,4, and 5 percent of the desired mean price level Pare denoted 
by (A), (B), (C), and (D) respectively . With no storage program, the sample estimates of average deviation in price and farm 
income are obtained as 5.76 and 3.18 percent respectively. For standard deviations of the estimates, see Appendix Table D11. 

bExpressed in percentages. 

cExpressed in million tons. 

f--1 
N 
0 



Table 21. Expected values of storage benefits for rice : stabilization around any specified price Pa 

(A) 

(B) 

(C) 

(D) 

Price Dev . b 
Farm Income Dev . b 

C Ave . Ope . Stock 
Total ImportsC 
Total Exportsc 

Price Dev.b b 
Farm Income Dev . 

C Ave. Opt. Stock 
Total ImportsC 
Total ExportsC 

Price Dev.b 
Farm Income Dev . b 

Ave . Opt. Stocke 
Total Importsc 
Total Exportsc 

Price Dev.b 
Fann Income Dev.b 

b Ave . Opt. Dev. 
Total Importsc 
Total ExportsC 

Scheme-A 
M1=2 . 0 M1=3.0 ~11=4.0 M1=5.0 M1=2 . 0 
M2=0 . 0 Mz=O.O !lz=O.O M2=0.0 Mz=O . O 

1.53 
0.38 

1.51 

1 . 72 
o. 42 

1. 7 7 

1 . 79 
0.44 

1.92 

1.81 
0.45 

1.98 

1.52 
0.39 

2.46 

1.72 
0 . 42 

2.76 

1.79 
0.44 

2.92 

1.81 
0.45 

2.98 

1.51 
o. 40 

3.44 

1 . 72 
0. 42 

3 . 76 

1 . 79 
0 . 44 

3.92 

1.81 
0 . 45 

3.98 

1 . 51 
0 . 40 

4.44 

1 . 72 
0 . 42 

4.76 

1.79 
0.44 

4.92 

1.81 
0.45 

4.98 

1.37 
0.39 

1.51 
0.19 

-1.03 

1.66 
0.38 

1.77 
0.02 

-0.41 

1.77 
0. 4 2 

1.92 
Neg. 

-0 . 12 

1.81 
0.45 

1.98 
Neg . 

-0.02 

Scheme-B 
M1=3.0 M1=4.0 M1=5.0 M1=2.0 
M2=0.0 M2=0 . 0 M2=0.0 M2=0 . 5 

1.37 
0 . 39 

2.46 
0.05 

-1.01 

1.66 
0.38 

2 . 76 
Neg. 

-0.40 

1.77 
0.42 

2.92 
Neg. 

-0.12 

1 . 81 
0 . 45 

2 . 98 
Neg. 

-0.02 

1.37 
0.39 

3.44 
0.01 

-1.01 

1.66 
0.38 

3 . 76 
Neg. 

-0.40 

1 . 77 
0 . 42 

3 . 92 
Neg . 

-0 . 12 

1 . 81 
0 . 45 

3.98 
Neg. 

-0 . 02 

1.37 
0.39 

4.44 
Neg . 

-1.01 

1.66 
0 . 38 

4.76 
Neg. 

-0 . 40 

1.77 
0.42 

4.92 
Neg. 

-0.12 

1.81 
0 . 45 

4.98 
Neg. 

-0.02 

1.37 
0.39 

1.58 
0.37 

-1.03 

1.66 
0.38 

1 . 79 
0.06 

-0. 41 

1.77 
0 . 42 

1.92 
0 . 01 

-0.12 

1.81 
0.45 

1.98 
Neg. 

-0 . 02 

Scheme- C 
M1=3 . 0 M1=4 . 0 M1=5.0 
M2=l . O ~12=1.5 ~12=2.0 

1.37 
0.39 

2.51 
0.19 

-1.03 

1 . 66 
0 . 38 

2 . 77 
0 . 02 

-0.41 

1 . 77 
0.42 

2.92 
Neg . 

-0.12 

1.81 
0 . 45 

2 . 98 
Neg . 

-0.02 

1.37 
0.39 

3 . 48 
0.10 

-1.02 

1 . 66 
0.38 

3.76 
0 . 01 

- 0.40 

1.77 
0.42 

3 . 92 
Neg . 

-0 . 12 

1.81 
0 . 45 

3.98 
Neg. 

-0 . 02 

1 . 37 
0 . 39 

4. 46 
0.05 

- 1.01 

1.66 
0.38 

4.76 
Neg . 

-0.40 

1.77 
0.42 

4.92 
Neg . 

- 0.12 

1.81 
0 . 45 

4 . 98 
Neg . 

-0.02 

aStorage rules aimed at limiting price fluctuations at 2, 3, 4, and 5 percent of the desired mean price level Pare 
denoted by (A), (B), (C) , and (D), respectively. With no storage program, the sample estimates of average deviation in 
price and fann income are obtained as 1.82 and 0.46 percent respectively. For standard deviations of the estimates, see 
Appendix Table Dl2. 

bExpressed in percentages. 

cExpressed in million tons. 

• 

... 
N 
)-' 
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income due to cereals output fluctuations were obtained as 5.76 and 

3.18 percent, respectively. For rice, these were 1.82 and 0.46 per

cent, respectively. 

Under Scheme A, when the operation of releasing or replenishing 

the stocks was entirely made from the domestic sources, both the price 

and farm income fluctuations declined but the declinations, even by 

doubling the size of the storage program, were not as spectacular as 

is usually believed. This was more true for rice because of its sub

stitutability with other food crops, as evident from its high price 

elasticity of demand. In fact, from the estimated results it appeared 

that: (1) for cereals, a 7 million ton storage program would be adequate 

to keep the price and farm income fluctuations below 3 and 2 percent, 

respectively. With a 5 million ton storage program, it would be possi

ble to keep the price fluctuations below 4 percent while maintaining 

farm income fluctuations below 2 percent level; and (2) for rice, a 2 

million ton storage program would be more than adequate to keep the 

price and farm income fluctuations below 2 and 1 percent,respectively. 

In fact, due to the high price elasticity of demand, a large rice buf

fer appeared not only unnecessary but also undesirable because in

creasing the size of the storage program has little effect on reducing 

price and farm income fluctuations. 

For a given storage rule, if Scheme B or C was followed, price 

and farm income fluctuations settled down to slumbering levels for 

all sizes of the storage program. However, the magnitudes of imports 

I 
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and exports varied not only with the storage rule but also with the 

size of the storage program . Also , as expected , the volume of imports 

and expor t s under Scheme C was more than under B because of the mini.mum 

stock requirement restriction. Clearly , Scheme B or C would be pre

ferable to A. In practice, however , the success of the stock operation 

under either of these two schemes with a limited storage capacity would 

depend upon the import and export opportunities . 

Since the good and bad harvests are equally probable, the estimates 

of total volume of imports and exports over the entire period should be 

approximately of the same order. The sample estimates of total exports 

und er different storage rules were higher than the corresponding imports 

owing to the assumption of an initial grain reserve for launching the 

stor age program . The need for imports arises only if the initial re

serve , augmented by stock accumulation under the capacity constraint, 

fails to meet the shortfalls below the stability requirement. Evi

dently, the larger the stock-on-hand , the lesser would be the need to 

import . As such , the volume of total imports declined more rapidly 

with the increase in the size of the initial reserve than the corres

ponding exports in the sample calculations . 

With the cost of stock operation at the 1971 level , the financial 

consequences for adopting different storage rules and schemes at varying 

levels of storage capacity are shown in Tables 22 and 23 (for standard 

deviations of the estimates , see Appendices Table Dl and Table D2). 

With a beginning stock equal to the maximum storage capacity . If 



Table 22. Expected . present values of storage benefits for cereals (Rs. million); stabilization around P=Rs . 800 per tona 

(A) 

(B) 

(C) 

(D) 

per 

Scheme-A Scheme-B Scheme-C 
M1=ll.O M1=5.0 M1=7.0 M1=9 . 0 M1=ll.O M1=5 .0 

M2=0.0 M2=0.0 M2=0.0 M2=0 . 0 M2=0.0 _ M2=3.5 
M1=7.0 M1=9.0 
~12=0.0 M2=0.0 

M1=ll.O M1=5.0 M1=7.0 M1=9.0 
M2=0.0 M2=2.0 M2=2.5 M2=3.0 

Initial Inv. 
Imports 
Exports 
t,. Farm Inc . 

Fin. Ben.b 
Fin. Ben.~ 
Fin. Ben . 
Fin. Ben.e 

Imports 
Exports 
t:, Fa rm Inc. 

Fin. Ben.b 
Fin. Ben.~ 
Fin. Ben . 
Fin. Ben . e 

Imports 
Exports 
t. Farm Inc . 

Fin. Ben.b 
Fin. Ben . ~ 
Fin. Ben . 
Fin. Ben.e 

Imports 
Exports 
6 Farm Inc . 

Fin. Ben .b 
Fin . Ben.~ 
Fin. Ben . 
Fin . Ben . e 

-4,750 

-3,082 

1,029 
2,367 

900 
1,188 

-3,002 

1,143 
2,261 
1,076 
1,291 

-2,828 

1,171 
2,084 
1,148 
1,302 

-2,559 

1,119 
1,848 
1,126 
1,231 

-6,650 -8,550 

-3,982 

1,422 
2,880 
1,249 
1,551 

-3,692 

1,454 
2,657 
1,363 
1,584 

-3,303 

1,390 
2,359 
1,355 
1,511 

- 2,848 

1,254 
2,017 
1,255 
1,361 

-4,469 

1,644 
3,152 
1,454 
1,758 

-3,990 

1,592 
2,825 
1,492 
1,713 

-3,462 

1,464 
2,450 
1,426 
1,581 

-2,914 

1,285 
2,055 
1,285 
1,391 

-10,450 

-4,663 

1,733 
3,260 
1,537 
1,841 

-4,087 

1,637 
2,880 
1,535 
1,756 

-3,503 

1,483 
2,473 
1,444 
1,600 

-2,933 

1,293 
2,066 
1,293 
1,399 

-4,750 
-776 

1,744 
1,221 

1,332 
2,282 

815 
1,105 

-477 
1,444 
1,041 

1,392 
2,205 
1,020 
1,234 

-275 
1,207 

908 

1,371 
2,048 
1,112 
1,266 

-147 
1,001 

775 

1,275 
1,825 
1,103 
1,208 

-6,650 
-301 

1,630 
1,221 

1,772 
2,828 
1,198 
1,500 

-158 
1,392 
1,041 

1,734 
2,621 
1:327 
1,548 

-77 
1,188 

908 

1,608 
2,335 
1,330 
1,486 

-32 
994 
775 

1,420 
2,000 
1,238 
1,345 

-8,550 
-104 

1,613 
1,221 

2,012 
3,111 
1,413 
1,717 

-47 
1,389 
1,041 

1,881 
2,795 
1,462 
1,683 

-19 
1,187 

908 

1,686 
2,428 
1,404 
1,559 

-8 
994 
775 

1,453 
2,040 
1,269 
1,376 

-10,450 
-33 

1,612 
1,221 

2,107 
3,222 
1,500 
1,804 

-12 
1,389 
1,041 

1,929 
2,851 
1,506 
1,727 

-4 
1,187 

908 

1,707 
2,452 
1,423 
1,578 

-1 
994 
775 

1,462 
2,051 
1,278 
1,384 

-4,750 
-1,767 

2,167 
1,221 

765 
1,494 

369 
606 

-1,222 
1,703 
1,041 

852 
1,488 

560 
743 

-821 
1,359 

908 

900 
1,442 

694 
829 

-521 
1,081 

775 

905 
1,357 

764 
860 

-6,650 
- 963 

1,809 
1,221 

1,197 
2,105 

703 
983 

-616 
1,483 
1,041 

1,272 
2,052 

915 
1,125 

-369 
1,225 

908 

1,275 
1,929 
1,025 
1,176 

-204 
1,008 

775 

1,208 
1,743 
1,040 
1,145 

-8,550 
-490 

1,663 
1,221 

1,574 
2,588 
1,023 
1,321 

- 280 
1,406 
1,041 

1,592 
2,451 
1,198 
1,417 

-148 
1,192 

908 

1,517 
2,226 
1,246 
1,402 

r-71 
995 
775 

1,368 
1,938 
1,190 
1,296 

-10,450 
-233 

1,621 
1,221 

1,848 
2,919 
1,265 
1,568 

-117 
1,390 
1,041 

1,786 
2,684 
1,375 
1,596 

- 54 
1,188 

908 

1,639 
2,372 
1,360 
1,516 

-22 
994 
775 

1,433 
2,016 
1,251 
1,357 

aStorage rules aimed at limiting price fluctuations at 2, 3, 4 and 5 percent of the desired mean price P=Rs . 800 
ton are denoted by (A), (B), (C) and (D) respectively. For standard deviations of the estimates, see Appendix Table Dl. 

bFinancial benefits corresponding to the four sets of values of P. +c
1 

and P. +c
2 

given in Table 19. 
it it 

cFinancial benefits corresponding to the four sets of values of 

~inancial benefits corresponding 

eFinancial benefits corresponding 

to the four sets of values of 
pit+Cl 

Pit+Cl 

and Pit+c2 given in Tab~e 19. 

and Pit+c 2 given in Table 19 . 

to the four sets of values of Pit+c1 and P1t+c
2 

given in Table 19. 

I--' 
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Table 23. Expected present values of storage benefits for rice (Rs . million): stabilization around P=RS . 850 per tona 

(A) 

(B) 

(C) 

(D) 

per 

Initial Inv . 
Imports 
Exports 
6 Farm Inc. 

Fin . Benb 
Fin. Ben . ~ 
Fin . Ben. 
Fin . Ben.e 

Imports 
Exports 
6 Farm Inc. 

Fin. Ben . b 
Fin . Ben.~ 
Fin . Ben. 
Fin . Ben . e 

Imports 
Exports 
6 Farm Inc. 

Fin. Ben . b 
Fin . Ben.~ 
Fin. Ben . 
Fin. Ben.e 

Imports 
Exports 
!:. Farm Inc . 

Fin Ben . b 
Fin. Ben . ~ 
Fin . Ben . 
Fin. Ben . e 

Scheme- A 
M1=2 . 0 M1=3 .0 M1=4 . 0 
M2=0 . 0 M2=0 . 0 M2=0 .0 

-2,000 -3,000 -4,000 

-653 - 745 - 768 

444 514 531 
662 748 769 
416 482 498 
449 515 532 

-316 

234 
314 
227 
234 

-112 

85 
110 
84 
85 

-25 

19 
25 
19 
19 

-333 

247 
330 
240 
247 

-113 

86 
111 

85 
86 

-25 

19 
25 
19 
19 

- 335 

248 
331 
241 
248 

-113 

86 
111 

85 
86 

-25 

19 
25 
19 
19 

Scheme-B 
M1=5 . 0 M1=2 . 0 M1=3 . 0 M1=4.0 M1=5.0 M1=2 . 0 
M2=0.0 M2=0 . 0 M2=0 . 0 M2=0.0 M2=0 .0 M2=0 . 5 

-5,000 -2 , 000 
-126 

699 
-773 116 

535 501 
774 658 
502 413 
536 446 

-335 

248 
331 
241 
248 

-113 

86 
111 

85 
86 

-25 

19 
25 
19 
19 

-18 
283 

32 

254 
313 
227 
234 

- 1 
85 
-2 

91 
110 

84 
85 

Neg . 
19 

Neg. 

21 
25 
19 
19 

-3,000 
-28 
688 
116 

575 
746 
480 
513 

- 1 
282 

32 

268 
329 
240 
246 

Neg. 
85 
-2 

92 
111 

85 
86 

Neg. 
19 

Neg . 

21 
25 
19 
19 

-4,000 
-6 

686 
116 

594 
767 
497 
530 

Neg . 
282 

32 

269 
331 
241 
24 7 

Neg. 
85 
-2 

92 
111 

85 
86 

Neg. 
19 

Neg . 

21 
25 
19 
19 

-5,000 
Neg. 

686 
116 

598 
772 
500 
534 

Neg . 
282 

32 

269 
331 
241 
247 

Neg . 
85 
-2 

92 
111 

85 
86 

Neg. 
19 

Neg . 

21 
25 
19 
19 

-2,000 
-250 

728 
116 

423 
564 
344 
375 

- 44 
286 

32 

234 
290 
209 
215 

-6 
85 
-2 

87 
106 

80 
82 

Neg. 
19 

Neg. 

20 
25 
19 
19 

Scheme- C 
M1=3 . 0 M1=4 . 0 
M2=l . 0 M2=1 . 5 

-3,000 
-126 

699 
116 

501 
658 
413 
446 

-18 
283 

32 

254 
313 
227 
234 

-6 
85 
-2 

91 
110 

84 
85 

Neg. 
19 

Neg. 

21 
25 
19 
19 

-4,000 
-60 
690 
116 

550 
716 
456 
490 

- 6 
282 

32 

264 
325 
236 
243 

Neg. 
85 
-2 

92 
111 

85 
86 

Neg. 
19 

Neg. 

21 
25 
19 
19 

M1=5 . 0 
M2=2 . 0 

-5,000 
-28 
688 
116 

575 
746 
480 
513 

-1 
282 

32 

268 
329 
240 
246 

Neg. 
85 
-2 

92 
111 

85 
86 

Neg. 
19 

Neg. 

21 
25 
19 
19 

aStorage rules aimed at limiting price fluctuations at 2, 3 , 4 , and 5 percent of the desired mean price P=Rs. 850 
ton are denoted by (A), (B), (C) , and (D), respectively. For standard deviations of the estimates. coe Appendix Table D2. 

bF. . 1 inancia benefits corresponding to the four sets of values of Pit+c
1 

and Pit+c
2 

given in Table 19. 

cFinancial benefits corresponding to the four sets of values of Pit+c
1 

and Pit+c
2 

given in Table 19. 

dFinancial benefits corresponding to the four sets of values of P. +c
1 

and P. +c
2 

given in Table 19. 
l.t it 

eFinancial benefits corresponding to the four sets of values of P. +c
1 

and P. +c
2 

given in Table 19. 
it it 

~ 
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Scheme A is followed, the relatively large stock-on-hand over the entire 

period provides more cushion to check a rise than a fall in prices. 

Farmers lose because, in the absence of export avenues and the limita

tion on storage capacity, the fall in prices in the face of good har

vest could not, for all the years, be arrested by syphoning out the 

surpluses above the stability requirement. Obviously, the larger the 

initial investment, the greater would be the loss to the farmers. 

When Scheme B or C is followed, farmers gain the same amount even if 

the size of the storage program is increased because the excess sup

plies above the storage requirement are always assured of an export 

outlet. 

When a storage program is launched with an initial stock equal 

to the maximum storage capacity, the total of the withdrawals from the 

storage over the entire period could not be less than what is put into 

storage during the period. The present values of financial benefits 

in stock operation from domestic sources were thus obtained as posi

tive. Sample estimates of the present value of financial benefits 

under the storage, handling, and transportation charges at the 1971 

levels suggested that, of the four cases considered, it would be best 

to store and sell the grains in the free retail markets at the constnn

ing centers or, as second best, to store and sell in the free wholesale 

markets at the purchasing centers. Financial return would be less if 

the grains were sold through the fair price shops in the consuming 

centers at a fixed price and would decline further if stored and sold 

in the free wholesale markets of the consuming centers. 

I 



• 

• 

127 

Details of the estimated results for lowering or raising the 

domestic grain purchase prices around the 1971 level are given in 

Appendices Table D3 to Table DlO. One thing is clear from all 

these results : the sum total of financial involvements (inclusive 

of initial investment) in the stabilization program is a net loss, 

which is undoubtedly of a very high order. When viewed with the in

stability of the estimates as indicated by their standard deviations, 

this adds a further dimension of risk to storage investment for buffer 

stock operations. True, the costs and benefits of the buffer stock 

operations indicated here are approximates and incomplete because the 

simulation approach is unable to measure many indirect benefits of 

the stabilization program . Even then, comparing the rate of decline 

in price and farm income fluctuations and the corresponding rise in 

the financial cost, the wisdom for a large storage program can be 

seriously questioned . An ideal approach would be to have a relatively 

smaller storage plan supported by imports and exports whenever oppor

tunity permits. Political considerations may, however, dictate adop

tion of a food self-support policy, but then the program no longer 

remains in the realm of economics. 

The results are suggestive and can in no way be taken as final 

for evaluating the alternative buffer stock programs. For one thing, 

the estimated results are obtained from storage rules which are not 

optimum. Moreover, the assumed values of the parameters are dated and 

open to question. 
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VI. OPERATIONAL POLICIES FOR FOOD MANAGEMENT 
WITH GRAIN RESERV~S 

A buffer stock program has now become an integral par t of the 

-overall food and agricultural policy of India . In this conclud i ng chap-

ter , we critically review the operational policies of the government and 

suggest alternative policies for food management by stocks . 

Objectives and Instruments of Government 
Operations in Food Grains 

Over the past several years, what has emerged as the objectives 

of the government on the food problem can broadly be enumerated as : 

(a) increasing the level of production, (b) stabilizing relative prices, 

and (c) protecting the consumption levels of Jow income groups . 

For the attainment of these objectives, the government purchases 

food grains and makes distributions. There are two sets of prices through 

which the government can purchase food grains--support prices and procure

ment prices. Support prices are to provide incentives to the producers 

and bring stability in price and income to minimum levels. These prices 

are announced inadvanceof the sowing season to influence cultivators ' 

production decisions. They are backed by guaranteed government purchase 

if market prices fall below support levels. Purchases under the price 

support scheme have practically remained inoperative in India. 
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To cope with the increasing demand for public distribution, pro

curement operations have been introduced. Here, the government pur

chases food grains from the producers, traders and millers, with an 

element of compulsion, at prices called procurement prices. Until re

cently, the free market prices have rarely threatened to fall below 

the procurement prices. With an overall shortage situation prevail-

ing in the country, the latter have generally played the functional role 

of support prices. The methods of procurement that have been tried 

so far with varying degrees of success or failure in different parts of 

the country are: (a) a levy on producer and/or miller, (b) voluntary 

purchase from millers and wholesalers on an agreed basis as to quantity 

and/or price, (c ) pre-emption on market sales/auctions, and (d) monopoly 

purchase. 

The targets for annual purchases are generally fixed in relation 

to the requirements for intra-year distributions and for buffer stocks . 

Intra-year distributions are made to (a) institutions and military, 

(b) roller flour mills, and (c) fair price shops for direct distribution 

to consumers. The responsibility to supply to the roller flour mills 

was taken up during imports under PL 480 agreement when two distribu

tion outlets were used for releasing the imported wheat, viz. the fair 

price shops and the roller flour mills. Supplies to the mills continue 

to remain regulated lest their entry in the market might push up the 
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price and frustrate the government ' s procurement operation . Roller 

flour mills sell their products to bulk consumers or to state govern

ments for distribution through fair price shops at prices prescribed 

by the government. 

The distribution outlet for the purchased food grains to the 

consumers is through tl1e fair price shops system . Releases from the 

buffer stocks are also tied up with this system. Under this scheme, 

consumers get given quantities of food grains at more or less fixed 

prices through the fair price shops . Tl1e objectives of distribution 

through fair price shops are to bring down prices in the food grains 

markets, and thus to protect the low income groups from high prices of 

food grains. In practice, the system is used to provide a steady 

supply to urban areas. The r·atlonale jH LhaL LhP flows to the urban 

areas generally dry up mo~l easily during thL• p<:>riod of shortages. 

There fore, Lil,.) u rbc1n a 1·cas with their high pure-has i ng power c1nd 

greater vuln(;;'rabiJi.ty to pri~e [Iucluations arc likely to suck 

away part of the rural demand . Cordoning off tl1e big cities along with 

the fair price shops system .is thus justified for equalizing the distri-
• 

bution between the high income cities and the low income rural areas. 

Therefore, the quantity distribution p:1rt of the government opera

tions in food grains has lhree components nncJ buffer stocks are the 

accumulation or annual purchases mlnus annual distribution over tin1e . 

Of the three components of distr1bution, the supply to the institutions 

and military and to the roller flour mills are not of 1najor significance 
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to the government's food management operations. They are small, fairly 

stable, easily measurable, and controllable. The more crucial and 

difficult to operate is the remaining one, i.e., direct distribution 

to consumers through fair price shops. Purchase f or buffe r 

stock also i s a very big task. They are flexible and their dimensions 

will depend upon the preference function of the policy maker. The dis

tribution to low income groups has an explicit welfare objective. Its 

operation will require identification and estimation of the low income 

group and also the minimum level of welfare that the society will be 

willing to provide to this group. The actual operation of the scheme 

will ultimately have to rest to a certain degree on arbitrary choices 

on the part of the policy maker. Given these choices, the volume of 

distribution under this scheme, however, will be functionally related 

with the stabilization goals of the buffer stock agency. 

Food Grain Requirements for Intra-Year Distribution 

Purchases and dis tribution requirements for buffer stock ope r a tion 

a r ise only during good and bad years of harves t and such s t ocks 

will be built up over time through a clearly stated, inter-year price 

stabilization objective of the government. However, even in normal years 

with output just matching the aggregate demand, the government will have 

to purchase a certain quantity of food gra ins to fulfill its commitments 

for intra-year distribution. The quantity of these purchases will evident

ly depend upon the extent to which the government wi shes t o i nvo l ve itself 

in food gr a ins oper at i on. 
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\.Je begin the analysis of purchases and comrnitments \./hen, for equitable 

distribution , tl1e government takes tl1e responsibility of transferring 

grains from surplus to deficit areas. Table 24 (derived from 'fable 7) 

provides the estimated requirements for disLribution for 1986 and 

2001 under a number of alternative distribution schemes . If the govern

ment takes tl1e entire res1>onsibility of distribution in urban areas and 

also agrees to balance the rural deficits which may appear in some states, 

the requirements for the two food crops, rice and wheat alone, increase 

from 16 million tons in 1971 (average of 1968-71) to 26-28 million tons 

in 1986 and to 42-46 million tons in 20001. If grains are allowed to 

move from rural to urban areas of each state and government takes the 

responsibility of transferring surpluses from the surplus to deficit 

states. the r~quircn1ents for tl1e two crops together rise from 9 million 

tons in 1971 to 14-16 million tons ir1 1986 nnd to 21-24 million tons in 

2001. The requirements would dimlnisl1 if the states are grouped into a 

large zones system since the surplus of some states in the zone would 

balance the deficit of others withi11 tl1c same zo11e. Tl1us, if tl1e country 

is divLded into four large zones as indicnted in Table 7 , the requirements 

for rice nnd wheat together risl':! from 6 n1i1 I ion tons jn 1971 to only 

8-12 miJlion tons in 1986 and c:lbouL JJ-17 mill ion tons in 2001. 

None of the above estim~rtes (dl•rived from the projected state, rural 

,'lnd urbc1n clemauds) provides the tnngnitude of the requiren1ent if the dis

tribution program has t:o l'nsure a minimum supply to the consumers based 

on certain nutritional norms. Recently, r1 number ol stu<lif>s have made 

an attempt to estim:1t:c wh:1t this 111r1gnitudL' might.: be. Although thcsP 

• 



Table 24. Requirements for intra-year distribution under alternative schemes (million tons) 

A. If the distribution is made to cover 
the entire urban demand plus the 
excesses of rural demands which 
may arise in the states 
1. Rice 
2. Wheat 
3. Rice and wheat 
4. Cereals 
5. Food grains 

B. If the distribution is made to 
cover only the total urban demand 
1. Rice 
2. Wheat 
3. Rice and wheat 
4. Cereals 
5. Food grains 

C. If the states are grouped in large 
zones and the distribution is made 
to meet the zonal deficits 
1. Rice 
2. Wheat 
3. Rice and wheat 
4. Cereals 
5. Food grains 

1971 
Average of 

1968-71 

6.27 
10.33 
16.60 
16.34 
19.16 

2.70 
6.71 
9.41 
8.52 

10.82 

0.45 
6.17 
6.62 
6.00 
7.24 

1986 2001 
High Low High Low 

Projection Projection Projection Projection 

17.43 17.49 30.46 28.86 
9.03 9.82 15.35 15.22 

26.46 27.31 45.81 42.08 
31.11 36.20 53.73 54.56 
34.90 39.91 59.88 60.45 

10.85 9.84 18.61 13.27 
3.23 5.75 5.24 8.42 

14.08 15.59 23.85 21.69 
17.89 23.61 30.62 33.75 
20.15 25.32 33.77 35.24 

5.36 6.49 8.88 9.10 
3.18 5.33 4.78 8.04 
8.54 11.82 13.66 17.14 

10.04 22.52 15.85 32.35 
11.02 23.03 16.64 32.62 

I-' 
w 
w 

• 
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studies provide widely varying estimates, even the most conservative 

one places the requirement for· intra-year distribution at a level which 

would require not only nationalization of food grains trade but also con

trol over farm const1mption. Thus, the National Commission on Agriculture 

(Government of India, 1975) estimated a 12 milJiqn ton distribution pro

gram for 1975 which, in essence, caters to the needs of all people in the 

cities above one lakh population, irrespective of whether they are rich 

or poor. Other studies were n1ore ambitious. Gulati and Krishnan (1975) 

estimated for 1973, a 25 million ton distribution program to cover both 

the urban and noncultivating rural population: Byas and Bandopadhyaya 

(1975) suggested a scheme which would have required an)"-1here between 33 

and 53 million tons of food grains for distributing in 1974-75. 

Past records provide an idea of the task involved in food management 

operations if the intra-year <listrillution t1as to proceed along certain 

nutritional norms. In the absence of imports, if any of the above esti

mates is accepted, tl1e governm@nt would l1ave to carry out procurement at 

a leveJ which cou]d range from a rninimun1 of 15 p::.rcent to as high as 60 

percent of tht.• annual production, f,1r exceeding the available norma) 

marketable surplus in the country. The fact of the case is that ev n at 

the peak of: its operation, government purchc1ses have not been able to 

cross the 10 million tons 1nark. In the past, the government was able to 

ma i n ta i n an nu a l food g r cl ins d i s l: r i bu t i on a t d h i g h ~ r J e v ~ 1 th a n t he co r-

r esp on ding purchases (procurement) bec.111se or Lhe availability of imported 

grains; but in no yec1r, save the crisis pl•riocl or 1965-68, did it c1·oss 

10 percent o[ the tutnl c-011sun1pl: ion (T.:1hlc• 25). 1 n fact, during the p0r·iod 

t 



Table 25. Public distribution of cerealsa 

1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 

Output 
(mil. 
tons) 

60 . 31 
56.52 
65.59 
65 . 25 
69 . 59 
70.69 
68. 79 
70.62 
76.95 
62.40 
65.88 
82.95 
83.60 
87 . 81 

Percent of 
output 

pr ocured 

0 . 49 
0 . 93 
2 . 75 
1.95 
0. 78 
0 . 68 
1 . 09 
2 . 02 
5 . 24 
6 . 42 
6.77 
8 . 20 
7 . 63 
7.65 

Total 
consumption 
(mil . tons) 

55 . 54 
52 . 94 
60 . 7 5 
60.82 
64 . 55 
65 . 84 
64 . 76 
69 . 29 
7 3. 7 2 
64 . 80 
66.57 
76.23 
76 .53 
79.30 

aSource : Government of India, 1969a . 

Import 
content 

in total 
consump
tion 

(percent) 

6 . 53 
6.07 
6.35 
8.43 
5 .41 
5 .53 
7.03 
9.04 

10 .10 
15.95 
13.02 

7.46 
5 .02 
4.51 

Percent of total 
consumption issued 
by the government 
Total Through 

5.49 
7 . 52 
8 . 50 
8.12 
6.16 
6.63 
8 . 00 

12.50 
13.67 
21 . 74 
19.78 
13 . 41 
12.26 
11.55 

Fair Price 
and Ration 

Shops 

4.38 
6 .23 
6 . 54 
7 .49 
3.88 
Ii . 01 
5.11 
9 .41 

11.51 
18 . 60 
17.38 
11.15 

9.61 
8.36 

Price 
Index 

(1952-53=100) 

102 
105 
104 
105 
102 
106 
112 
134 
145 
165 
207 
205 
204 
208 

1--' 
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1957-62 when market prices were stable, the gaps between the market and 

the fair price shop issue prices were kept too wide. The public distribu

tion system was provided with ample stocks and a large part of them were 

not procured or replenished from the domestic market but were obtained 

as net additional supplies from abroad . The withdrawal from the fair 

price shops during the period 1957-62 did not exceed 8 percent of the 

total consumption. Under this favorable situation, the consumers who were 

then drawing grains from the public distribution system were likely the 

needy poor who could not afford to purchase grains from the free market . 

These withdrawals might not have fully meet the nutritional requirements 

of the low income group of the population . But to provide the full re

quirement entirely from the public distribution system, it would have 

become necessary to fix the issue prices at further lower levels. And 

we show presently the coexistence of a public distribution and free market 

systems does not allow arbitrarily fixing the issue prices in the public 

distribution system at higher or lower levels than rule in the free market. 

Interrelationship of Government Operations 
with the Free Market 

Whatever the dimension of government purchases and distribution, the 

operational policies for them should be fedsible to implement and should 

produce the desired results. At present, government food grains opera

tions are conducted with a set of instruments which are rigid in the sense 

that they are fixed before each operation and cannot be altered to adjust 

with changing market situations. Government commits itself to distribute 

a certain quantity at a certain fixed price and, directly or indirectly 
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coerces the producers and traders to supply the required quantity at a 

certain prescribed price. The system can work only if economic criteria 

are used in fixing the levels of each of the above variables . So far, 

the practice has been somewhat different with obviously frustrating 

outcomes . 

The public distribution system is perceived by government as an 

instrument through which it can simultaneously operate to (a) influence 

the market prices , (b) maintain a steady supply to urban areas , and 

(c) induce a change in the income distribution. These elements a r e en

visaged as resulting from the establishment of a separate market of fair 

distribution. Here the government - determined supply has to come from the 

partial procurement of the total supply at a price lower t han the free 

market with procurement then distributed to consumers as a part of their 

total requirements, again at a price lower than the free market . 

The viability of this system of public distribution, however , rests 

basically upon the levels at which government-determined prices are fixed 

since the forces of demand and supply in the two markets are inter-linked 

through their relative price structure. Quantity demanded from the public 

distribution system is functionally related to the difference between the 

price in the fair price shops and the free market price . The wider this 

difference is, the greater will be the demand . Also, compared to the 

free market, the public distribution system is less preferred for reasons 

that the Study Team on Fair Price Shops has observed ns ''consumers prefer- . 

ences for qualities of grains and relative conveniences of the two systems 

of distribution (Government of India, l9o6b)." Becaus ~ of this, the Team 
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has argued that the public distribution system can influence the free 

market price only when releases from it act as net additions to the total 

market supply. This could be obtained by lowering or raising the prices 

in the fair price shops, but in either case, the impact on the free market 

price would be of small order compared to the corr~sponding price adjust

ment made in the fair price shops. 

The system collapses if it is run on the basis of a partial withdrawal 

of the total supply for distribution at a lower than market price. It 

cannot then bring down the price in the residual market. Under such a 

situation, public distribution systems can function alongside a free mar

ket only if the price in the fair price shops is made market-oriented as 

illustrated in Figure 2. 
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Figure 2. Effect of public distribution system on a free market 
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With the market demand curve DD, for a given level of output, 

let the supply curve be SS so that a quantity OQ is cleared at a price 

OP . Suppose, the government consider s this price to be too high and, 

in order to provide relief to the consumers, procures a quantity Q
1

Q for 

distribution at a price lower than OP, say at OP
1

. Both the free market demand 

and supply curves will then shift to the left but the extent of the 

shift in the former is likely to be less than in the latter. This may 

happen because of the relative convenience of the two systems of distri

bution mentioned earlier . Also , since part of the total supply is 

now made available at a lower price, an excess demand situation will 

develop and consumer demand will get augmented . The residual market 

will then fix the price at OP 2 and clear a quantity OQ
2

. Total supply 

now (i . e . , OQ2 plus Q
1

Q) will be more than what it would have been in the 

absence of government operation, but the market price and the difference 

between it and the distribution price also will now be higher than 

previous levels . As a result, pressures will build up on the public 

distribution system and after making distribution of the procured 

quantity, it will discover that it is in a precarious position to meet 

this additional demand . The only alternative then will be to ask 

consumers to satisfy their additional demand from the residual market . 

This should increase total consumption and also raise the price. Those 

who can pay more will now be consuming more. 

In Figure 2, both the market demand and supply curves are allowed to 

make a parallel shift. Also, the shift in the supply curve is shown 

equal to the quantity procured by the government. Neither of these is 
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likely to hold true in actual situation; they will be governed by the 

government's operational policies regarding food grains procurement 

and distribution. The magnitude of the shift in demand has a direct 

relationship with the quantity distributed; it also has an inverse re

lationship with the difference between the free market price and the 

distribution price. The wider the price differential or lower the 

quantity distributed the lesser will be the shift of the demand curve 

toward the left. The shape of the demand curve can also be influenced 

by adopting a discriminating price policy for distribution. For instance, 

suppose the government makes distribution of the procured quantity Q
1

Q 

at two prices -- a low price, say OP 
1 

for the low income group, and a 

high price, say around OP, for the high income group. A section of 

the high income group will then withdraw from the public distribution 

system and may as well substitute food grains by other food items of 

greater utility. At the same time, the released pressure of the high 

income group will provide an opportunity to the public distribution 

system to meet more adequately the needs of the low income group. The 

consequenc~s of all these is likely to make the demand curve DD' more 

elastic and may shift it more towards the left. 

When the government procures the quantity Q
1
Q at a low price, say 

at OP
1

, the suppliers' revenue declines by an amount P
1

PxQ
1

Q (Kll1N). 

There will thus be an anxiety on the part of the suppliers to sell the 

residual quantity in the free market at a price at which they could at 

least recover the loss. If this is not forthcoming Lhrough the forces 
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of the new market demand curve, suppliers will try to evade procurement 

and, thereby, create ideal conditions leading to speculative demand for 

inventories from traders and consumers alike. Once these unhealthy 

activities develop, the supply curve S'S ' becomes more inelastic and 

food management begins to become increasingly unmanageable. A vicious 

circle is created in food management with spiralling consequences . High 

market prices increase the pressure on the public distribution system 

and compels the government to have a more ambitious procurement plan. 

An ambitious plan, in turn, stretches the procurement net beyond the 

manageable limits of the government. Tendency to evade procurement can 

cause a further rise in speculative demand and market price. This outcome 

has been commonly experienced in the past, particularly during the years 

of crises . 

To make the procurement operation a success, the government has 

often adopted measures which are attempts to defy the principle of 

market mechanism. One of these is the much debated policy of movement 

restrictions (Krishna, 1965a;Khusro, 1967; Cochrane, 1968; Ray, 1970) 

which continues to remain a part of the government operations in food 

grains. The government has justified movement restrictions on the 

ground that its procurement efforts for equitable distribution of food 

grains in the prevailing shortage situation would be frustrated if the 
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1 profit motivated private traders were allowed to operate freely. How-

ever, an analysis of the dezo11ed and zoned periods market pr ices of 1961-63 

and 1966-68 indicated that food zones actually accentuated regional 

price differences (Ray, 1970). Prices were depressed in surplus states 

but there was a sharp increase of prices in defici.t states. 2 

An extreme form of market intervention was mooted in 1972-73 

when the government nationalized wholesale trade in wheat and rice. 

The objective behind the move was to ensure a more regular flow of 

supplies to consumers at reasonable prices through the fair price 

shops. The experiment, however, was carried out only on wheat in 

1972-73. It failed and was subsequently given up. 

The move for nationalization of wholesale trade in food grains 

was conceived wrongly on the assumption that the entire marketable 

1
cocl1rane (1968) listed four government argLilllents in favor of food 

zones. These are (a) a political and administrative argument, (b) a 
physical concept of procurement, (l) a big-city excess purchasing power 
argtmlent, and (d) a cost argument. Cochrane has made critical comments 
on all these arguments except the first which in his opinion was "at the 
heart of the whole matter, and, in a political sense a valid argument'.' 
Commenting against zones, Krishna (1965a) observed, " ... when Governments 
determine transfers, the quantities to be taken out of surplus states, 
the quantities demanded by deficit states, and the quantities allocated 
by the Center-all these become political rather than economic quantities. 
Transfers so determined can hardly be expected to minimize price disparities'.' 

2
Khusro (1967) gave four economic arguments against zones. These 

are: (a) by keeping producer prices in surplus areas lower than they 
would otherwise be, zones depress production in surplus areas where pre
cisely it ought to be encouraged for reasons of better endowment; (b) by 
keeping consumer prices in surplus areas lower than they would otherwise 
be, zones encourage consumption in these areas; (c) by keeping consumer 
prices in deficit regions higher than they would be, zones depress con
sumption in these regions, hit the consumers here harder than is necessary 
and make for national disharmony; and (d) by keeping producer prices in 
deficit areas higher than they would be, zones perpetuate production in 
regions badly endowed and tie up resources precisely where these should 
not be tied up. 
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surplus could be procured only if the traders were eliminated. It 

failed because "the rich farmer who has considerably improved his mar

ketable surplus as well as retaining capacity ... hab been left free 

to manipulate his stocks as he likes" (Rao, 1974). Besides this experi

ence of failure, the take-over move raises a number of serious ques

tions (Subbarao, 1973), the most important of which arises from its 

implications on resource allocation. Nationalization of food grains 

trade may divert resources from food to nonfood crops, and in the long 

run may adversely affect the levels of food grains production which, 

in the final analysis, is at the root of India's food problem. 

Operational Policies for Food Management 

The built-in inconsistencies in the present sys tem of food manage

ment operations bring in sharp focus the conflicting goals and policies 

of the government on the food front. Government desires to protect 

the interests of the low income group and for this reason, to withdraw 

a part of the total domestic supply for distribution at a low price. If 

this plan is executed, government loses control over the free market 

and the objective of influencing the market price is defeated. The 

market price can be influenced only by following a market-oriented 

price policy for distribution. But if it is adopted, the objective 

of protecting the interests of the low income group gets defeated. 

Government wants to minimize the cost of distribution through procure

ment of the required quantity at a low price, but whea this is attempted 

through various control measures, market imperfections result and ad

versely affect the objective of increasing the level of production. 

• 



144 

Actions, too, contradict the intentions . The government intends to 

provide incentives to the producers bu t adopts measures that directly or 

indirectly take away the production incentives . To regulate the in-flow 

of food from the rural poor to the urban rich, government takes the respon

sibility of distribution in urban areas. Yet, d~stribution proceeds not 

in relation with the purchasing capacity of the individual consumers but 

at a uniform low price for which the society pays a subsidy . 

In India, government involvement in food management operations has 

sprouted from the moral dictates of a society which is characterized by 

recurring food shortages and extreme inequality in the distribution of 

income. These conditions have had a long history and compulsion is likely 

to remain so long as the shortages are felt and wide disparities in income 

continue . The solution to India ' s food management problem rests basically 

on raising the level of food grains production and supplies and making 

income distribution less skewed. Until these conditions are reached, the 

government must operate and protect the larger interests of society. It 

must purchase food grains and make distribution, not only for providing 

a steady and assured supply to the organized and politically sensitive 

urban communities, but also to provide distributive justice so that the 

poor as well as the rich hnve opportunity for subsistence. 

Equitable distribution, in the India context of food shortages 

and income inequalities, is possible only by making the distribution 

income neutral . Tl1e level of consumption should be so influenced that 

each consumer consumes the same quantity irrespective of his level of 

income. If society decides to provide the same amount of food to all 
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sections of the communily and, at tl1e same tilne, does not want to abolish 

the free market, an equitable distribution can be obtained only by 

penalizing those who can afford to consume more. Ind frPe society, 

this is possible by deliberately following a discriminating policy of 

distribution in which the rich are penalized with a high price and the 

poor are compensated with low price. 

The fact of the case justifies the suggestion. Public distribu

tion of food grains in India is highly urban oriented. But, the logic 

for distribution to all sections of the urban cormnunity at a uniformly 

low price is not clear . If the justification for the entire coverage 

of the urban areas under public distribution system lies in the valid 

concern of an excess purchasing power capacity of the urban community, 

the appropriate policy should beto ensure the certainty of supply to 

urban areas at a price that reflects the market conditions, and not 

guaranteed supply at a subsidized price. If the urban areas are also 

the concentration pockets of low income groups, then their presence 

should be recognized explicitly and distribution should proceed by 

separately charging the low income groups a low price. 

Certain ills in the present system of food management operations 

originated from the government's misplaced concern for fair distribution 

to all sections of the community at a uniformly subsidized price . Fair 

distribution has been conceived as distribution at a reasonable price. 

But reasonableness has been viewed only in relation to the unweighted in

terests of all consumer s. Consequently , the concept has led to the notion 

of reasonable price as a consumer-oriented unchanging Jrice which is fixed 

through subsidy at a level be low market prices. 
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Since the government has to make distribution at a subsidized 

price, so runs the argument, the government should procure the required 

quantity for distribution at a price lower than the market and thus 

realize part of the subsidy from the producers and traders . This need 

not and should not be the strategy in food management for two reasons. 

First, a public distribution system is now viewed exclusively as an 

instrument for catering to the needs of low income people. It is now 

functioning primarily to ensure the certainty of supply in urban areas 

where the majority of people are employed in organized industries and 

enjoy pay revisions according to changes in the cost of living. On 

the other hand, the rural sector is crowded with a large number of un

employed and underemployed and suffers most from rising prices. l1ore

over, rural income is highly correlated with production. An urban

oriented, subsidized distribution program thus goes against the de

clared public policy of ensuring equitable distribution at reasonable 

prices to all sections of the people. Second, and more important, 

is the concern for the viability of the food management system . As 

mentioned earlier, the coexistence of a public distribution system 

with a free market is possible only by adopting a market oriented dis

tribution policy. Subsidized distribution will make the system vulner

able to the pressures of free market. 

To the extent the distribution is made to the low income group, 

the need for subsidized distribution cannot be ignored. A careful 

identification and estimation of the low income population is, however, 
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essential. Obviously, it cannot include the entire urban corranunity. 

The prevailing socioeconomic conditions should be weighed carefully 

to decide who qualifies as a low income family and what measure of 

relief should be provided. Distribution can then be made at two prices: 

a stable subsidized price for the low income group and a price, reflecting 

more accurately the market conditions, for others. 

Rather than the concern for a subsidized distribution to all, the 

government's strategy in food management could be to acquire corranand 

over a larger and larger share of the total distribution system. But, 

the government can acquire this position of strength only by aiming at 

maximizing the quantities of grains it handles at appropriate prices. 

Theoretically, the government can make distribution of the entire mar

ketable surplus by purchasing the grains at market prices. This, of 

course,would enable the government to undertake a large distribution 

program with certainty of supply . However, the presence of a large body 

as the government in the market with the intention of purchasing the 

entire marketable surplus at market prices obviously would be exploited by 

the producers and traders . Prices will be pushed up, thereby compelling 

the government to subsidize distribution. 

Corrective measures to check violations of market disciplines can be 

maintained partly through buffer stock operations . Once a buffer stock 

agency (after a careful assessment of the demand and supply conditions) 

realistically fixes the price bands, its stock operation for containing 

the price within the desired limits is likely to have a sobering impact 

on the market forces. At the same time, a penalty should be imposed on 

• 
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those who attempt to cross the price bands with a mechanism which can work 

compatibly with the private market. This can be in the form of a preemptive 

purchase scheme, used in Punjab during 1958-59. Under this scheme, the 

government reserves the right to procure varying proportions of each day's 

total market arrivals. At the end of the day, however, goverrnnent pur-

chases all or part of that proportion only if the price is favorable. 

The scheme penalizes both the shy as well as the aggressive bidders 

and at the same time helps the buffer stock agency to fix the price 

bands at appropriate levels. An increasing tendency of deviations 

registered in the market will signal the buffer stock agency to adjust 

the price bands at levels reflecting more accurately the market condi-

tions. 

Partial distribution at two prices combined with buffer stock 

operation and open market purchases with preemptive rights carry the 

promises for a viable food management system. The distribution to the 

low income group and the consequent question of sharing the burden uf 

subsidy, however, still remains. The subsidy cannot be compensated 

through other consumers by charging a high price because a distribution 

price fixed above the market level will introduce instability in the 

system. The other possibility is to realize the subsidy froM the produ

cers and this can be in the form of procurement at lower than market 

prices. To the extent the subsidized distribution is made to the low 

income people, procurement of the required quantity at a lower price 

can be justified but then, for effective redistribution of income, the 
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strategy for procurement should be such that the burden of the subsidy 

falls increasingly on the ri ch farmers. In fact, procuring only from the 

rich and distributing only to the poor at lower than market prices has 

" the merit of redistributing income from the rich farmers and the rich 

consumers, on the one hand, to small farmers and the poorer consumers, on 

the other' ' (Rao, 1974). It can, however, dampen supply response as it 

helps the real price of grains to be maintained at a lower level . 
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APPENDIX A 



Table Al. Projected rural and urban population as on Aprila (million) 

North 
Jammu & Kashmir 
Punjab & Haryanac 
Rajasthan 
Uttar Pradesh 

Total 

East d 
Assam 
Bihar 
Orissa 
West Bengal 

Total 

West 
G . e uJarat 
Madhya Pradesh 
Maharashtra 

Total 

South 
AndhrafPradesh 
Kerala 
Mysore 
Tamilnadug 

Total 

All-India 

b 
1956-59 (average} 

Rural Urban Total 

2.84 
14 . 84 
15.20 
59.60 
92.48 

11.92 
39.27 
15.19 
22 . 53 
88.91 

14 . 36 
25.27 
24 . 76 
64.39 

27.85 
13 . 09 
16.84 
22. 7 5 
80 .53 

0.55 
7.04 
3 . 04 
8 . 79 

19.42 

1.04 
3 .63 
1.03 
8 . 92 

14.62 

5 . 02 
4 . 29 

11.35 
20 . 66 

5 . 82 
2 . 37 
4 . 88 
9.42 

22.49 

3.39 
21 . 88 
18 . 24 
68.39 

111 . 90 

12.96 
42.90 
16.22 
31 . 45 

103.53 

19 . 38 
29.56 
36 . 11 
85 . 05 

33.67 
15 . 46 
21.72 
32 . 17 

103 . 02 

Rural 

3 . 76 
22.26 
21 . 22 
75 . 95 

123.19 

17 . 82 
50.72 
20 . 10 
33 . 34 

121 . 98 

19 . 91 
34 . 88 
34.70 
89.49 

35 . 10 
17.91 
22 . 18 
29.01 

104.20 

326.31 77.19 403 . 50 438 . 86 

1971 
Urban 

0 . 86 
9.11 
4.55 

12.39 
26 . 91 

1.88 
5.63 
1 . 84 

10.97 
20 . 32 

7.72 
6.78 

15.71 
30 . 21 

8.40 
3 . 47 
7.12 

12 . 66 
31.65 

109.09 

Total 

4.62 
31 . 37 
25.77 
88 . 34 

150 . 10 

19 . 70 
56 . 35 
21.94 
44.31 

142.30 

27 . 63 
41.66 
50.41 

119 . 70 

43 . 50 
21.38 
29.30 
41.67 

135 . 85 

547 . 95 

Rural 

4 . 92 
28.74 
27.58 
91.99 

153 . 23 

24 . 55 
62 . 05 
25.30 
43 . 54 

155.44 

25.74 
45.31 
43.66 

114 . 71 

42.50 
23.04 
27 . 61 
34.45 

127 . 60 

1986 
Urban 

1 . 58 
15.00 

7.45 
18 . 44 
42 . 47 

2 . 17 
9.64 
1.92 

16 . 03 
29 . 76 

13 .03 
11 . 89 
26.00 
50.92 

13.04 
5.53 

11.20 
20.60 
50.37 

550.98 173 . 52 

Total 

6.50 
43.74 
35.03 

110.43 
195 . 70 

26.72 
71.69 
27.22 
59 . 57 

185 . 20 

38.77 
57.20 
69.66 

165.63 

55 . 54 
28 . 57 
38 . 81 
55.05 

177 . 97 

724 . 50 

Rural 

5.97 
34 . 59 
33.32 

106.47 
180.35 

30 . 63 
72 . 29 
29 . 93 
52 . 76 

185.61 

31.02 
54.74 
51.76 

137.52 

49.18 
27 . 66 
32.51 
39.36 

148.71 

652.19 

2001 
Urban 

2.38 
23 . 20 
11 . 37 
27 . 12 
64.07 

6.93 
15 .14 

6.52 
23.06 
51 . 65 

20.41 
18.97 
40.52 
79 . 90 

19 . 45 
8.25 

16.80 
31 .99 
76.49 

272.11 

Total 

8.35 
57 . 79 
44 . 69 

133.59 
244.42 

37.56 
87.43 
36.45 
75.82 

237 . 26 

51.43 
73.71 
92.28 

217.42 

68 . 63 
35 . 91 
49 . 31 
71.35 

225.20 

924 . 30 

aProjected populations of the Union Territories are included in the states with which they are geographically contiguous . 

bl956-59 average urban population is first estimated at the all-India level from the growth rate obtained during 1951-61. 
It is distributed over the states according to the proportions obtained in the 1961 Census. The rural population figure is 
obtained by subtracting the states estimated urban population from the corresponding total. 

cincludes Himachal Pradesh, Delhi and Chandigarh . 

dincludes Manipur, Tripura, NEFA, Nagaland and Bay Islands . 

eincludes Goa , Daman, Diu, Dadra and Hagar Haveli. 

fincludes Arabian Islands. 

glncludes Pondicherry . 

I-' 
Q'\ 
I-' 

• 



Table A2 . State aggregate demand for food grains for human consumption (million tons) 

1971 1986 2001 
. High Projection Low Projection High Projection Low Projection 

Rural Urban Rural Urban Rural Urban Rural Urban Rural Urban -~-
North 
Jammu & Kashmir 0 . 84 0 . 15 1.18 0 . 28 1 . 13 0 . 28 1.74 0 . 48 1.50 0 . 43 
Punjab & Haryana a 3 . 94 1 . 30 5.96 2 . 39 5 . 59 2.32 9 . 23 4 . 28 7 . 58 3 . 85 
Rajas than 4.13 0. 7 5 6 . 06 1.29 5.74 1 • 25 9.16 2 . 21 7 . 64 1 . 99 
Uttar Pradesh 13 . 83 1 . 93 18.72 3.05 17.88 2 . 97 26.64 5.08 22 . 69 4.61 

Total 22 . 74 4 . 13 31 . 92 7.01 30.34 6 . 82 46.77 12.05 39 . 41 10 . 88 

East b 
Assam 3.77 0.34 5.78 0 . 40 5.45 0.39 9.02 1 . 41 7. 47 1.25 
Bihar 9.84 0.96 13.30 1.70 12 . 71 1.65 18 . 89 2.98 16.11 2 . 68 
Orissa 3 . 27 0 . 29 4.84 0.31 4.58 0.30 7. 35 1.28 6 . 13 1.13 
West Bengal 6 . 93 1.98 10 . 07 2 . 92 9 . 52 2 . 86 15 . 14 4 . 54 12.61 4.18 

Total 23 . 81 3 . 57 33 . 99 5.33 32.26 5.20 50 . 40 10.21 42.32 9.24 
I-' West 
"' G . C N UJarat 3.22 1.10 4.98 2 . 08 4 . 69 2.01 7 . 84 3.80 6 . 42 3.40 

Madhya Pradesh 6 . 08 1.06 9 . 24 2 . 00 8 . 72 1.94 14.29 3 . 65 11 . 79 3 . 27 
Maharashtra 5 . 54 2.17 8 . 32 4.06 7.83 3.93 12 . 82 7 . 42 10 . 52 6.66 

Total 14 . 84 4 . 33 22 . 54 8.14 21.24 7.88 34 . 95 14 . 87 28 . 73 13 . 33 
South 
AndhradPradesh 5 . 94 1 . 32 8.19 2 . 18 7.81 2.11 11 . 82 3 . 68 10 . 04 3.32 
Kerala 2.60 0.47 4 . 15 0.86 3.89 0.83 6 . 64 1 . 50 5 . 44 1.34 
Mysore 3.64 1.04 5.29 1 . 79 5 .01 1. 7 4 7 . 96 3.11 6 . 66 2 . 79 
Tamilnadue 4 .63 I 1 . 87 6.32 3.32 6 . 01 3.24 9 . 07 5 . 95 7.69 5 . 36 

Total 16.81 4.70 23.95 8.15 22 . 72 7. 92 35.49 14.24 29.83 12 . 81 
All-India 78 . 20 16.73 112.40 28.63 106 . 56 27 . 82 167 . 61 51.37 140 . 29 46.26 

alnc ludes Himanchal Pradesh, Delhi and Chandigarh. 

bI~cludes Manipur, Tripura, ~EFA, Nagaland and Bay Islands . 
C 

Inc ludes Goa, Daman, Diu, Dadra, and Nagar Haveli. 
d 

Includes Arabian Islands . 
e . 

Inrludes Pondicherry. 

,. ------•- -- -~ - ---- ---"---- ~ · ---..r. -- - - ...... .....- · .... -- ~c- A, 
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Table A3. Commodity consumption pattern for states in rural and urban areas NSS 17th round preference period : 
September 1961 to July 1962 (percentage to food grains consumed) 

Rural Urban 
Rice Wheat Coarse Pulses All Rice Wheat coarse Pulses All 

Cereals Food Grains Cereals Food Grains 

North 
Jammu & Kashmir 55 . 52 13.98 26 . 17 4 . 33 100.00 75.96 17.07 3.86 3 . 11 100.00 
Punjab & Haryana a 9.91 53 . 58 24 . 87 11.64 100.00 5.20 73.80 7 . 18 13.82 100.00 
Rajas than 1 . 63 15 . 71 73.10 9.56 100 . 00 3.21 52.20 30.62 13 . 97 100.00 
Uttar Pradesh 24.53 24.82 34 . 01 16 . 64 100 . 00 17.08 52 . 91 12.32 17.69 100 . 00 

East b 
Assam 92.80 1.76 0.11 5 . 33 100 . 00 79 . 77 10.01 0.07 10.15 100.00 
Bihar 58.75 13.54 15.16 12.55 100 . 00 57.94 27.30 2.38 12.38 100 . 00 
Orissa 88.72 0.33 5.12 5 . 83 100.00 82 . 43 7. 14 1 . 47 8 . 96 100 . 00 
West Bengal 91.63 2.55 0.72 5.10 100 . 00 72 . 69 17.54 0 . 14 9 . 63 100 .00 

West 
G . c 13.94 13.19 63.38 9 . 49 100.00 

I-' 
uJarat 19.44 39.86 27 . 18 13 . 52 100 . 00 °' 

Madhya Pradesh 37.48 22 . 64 28.53 11.35 100.00 21 . 28 52 . 02 10.61 16.09 
l.,J 

100 . 00 
Maharashtra 21.39 7.64 61.69 9.28 100.00 29.16 24.87 33 . 23 12 . 74 100 . 00 

South • 

AncWa Pradesh 60.07 0.28 34.48 5 . 17 100.00 74 . 31 3 . 62 12.43 9 . 64 100 . 00 
Keralad 94.86 0. 72 0 . 19 4.23 100 . 00 92.00 1 . 56 0.09 6.35 100 . 00 
Mysore 30.48 2 . 66 59 . 35 7 . 51 100 . 00 44.62 7.06 36.87 11.45 100.00 
Tamilnadue 66 . 91 0.67 26 . 71 5.71 100.00 82.78 1 . 94 6 . 68 8 . 60 100.00 

aincludes Delhi and Himachal Pradesh. 

bincludes Manipur, Tripura, NEFA, Nagaland and Bay Islands. 

Lincludes Goa , Daman, Diu, Dadra and Nagar Haveli . 

dincludes Arabian Islands. 

eincludes Pondicherry . 

, 



Table A4 . State aggregate demand for cereals for human conslllllption (million tons) 

1971 1986 2001 
. High Projection Low Projection High Projection Low Projection 

Rural Urban Rural Urban Rural Urban Rural Urban Rural Urban 

North 
Jammu & Kashmir 0 . 80 0 .14 1.13 0.27 1 . 08 0.27 1 . 66 0.46 1.43 0 . 42 
Punjab & Haryana a 3 . 48 1.12 5.27 2 . 06 4 . 94 2.00 8.16 3 . 69 6.70 3 . 32 
Rajas than 3 . 7 4 0.64 5.48 1 .11 5.19 1.08 8.28 1.90 6.91 1 . 71 
Uttar Pradesh 11 .53 1 . 59 15.60 2 . 51 14 . 90 2.44 22.21 4 . 18 18 . 91 3 . 79 

Total 19 .55 3 . 49 27 . 48 5.95 26.11 5.79 40 . 31 10 . 23 33 . 95 9.24 

East b 
Assam 3 . 57 0.30 5 . 47 0 . 36 5.16 0 . 35 8 . 54 1.27 7.07 1.12 
Bihar 8.60 0.84 11 . 63 1 . 49 11.11 1 . 44 16 . 52 2. 61 14 . 09 2. 35 
Orissa 3.08 0 . 26 4 . 56 0.28 4 . 31 0 . 27 6.92 1.16 5.77 1.03 
West Bengal 6 . 58 1.79 9 . 56 2.64 9 . 03 2 . 58 14.37 4 . 10 11 . 97 3 . 78 

Total 21.83 3.19 31.22 4 . 77 29 . 61 4 . 64 46 . 35 9 . 14 38.90 8 . 28 
~ 

West Q"\ 
~ G . c 2. 91 0 . 95 4.51 1.80 4.24 1 . 74 7 . 10 3 . 29 5 . 81 2 . 94 UJarat 

Madhya Pradesh 5 . 39 0 . 89 8.19 1.74 7 . 73 1 . 69 12 . 67 3.19 10.45 2.85 
Maharashtra 5 . 02 1 . 89 7 . 55 3 . 54 7.10 3.43 11 . 63 6 . 47 9 . 54 5 . 81 

Total 13 . 32 3 . 73 20.25 7.08 19 . 07 6 . 86 31 . 40 12.95 25.80 11.60 
South 
AndhradPradesh 5 . 63 1 . 19 7 . 77 1 . 97 7.41 1 . 91 11 . 21 3.42 9 . 52 3 . 00 
Kerala 2. 49 0 . 44 3.97 0 . 80 3. 72 0 . 78 6 .36 1.40 5 . 21 1.25 
Mysore 3.37 0.92 4 . 89 1 . 58 4.63 1.54 7.36 2.75 6 . 16 I 2 • 4 7 Tamilnadue 4 .36 1 . 71 5 . 96 3 . 03 5 . 67 2.96 8.55 5 . 44 7 . 25 4.90 

Total 15 . 85 4.26 22 . 59 7.38 21 . 43 7 .19 33.48 12 . 91 28 . 14 11.62 
All-India 70 . 55 14.67 101 . 54 25.18 96 . 22 24.48 151 . 54 45 . 23 126.79 40.74 

a 
Includes Himanchal Pradesh, Delhi and Chandigarh . 

bincludes Manipur, Tripura, NEFA, Nagaland and Bay Islands. 
C 
Includes Goa, Daman, Diu, Dadra, and Nagar Haveli . 

dincludes Arabian Islands . 

eincludes Pondicherry . 
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Table AS . Stat e aggregate demand for rice for human consumption (million tons) 

1971 1986 2001 
High Proj ection Low Projection High Projection Low Pr ojection 

Rural Urban Rural Urban Rural Urban Rural Urban Rural Urban 

North 
Jammu & Kashmir 0 . 4 7 0 . 11 0.66 0.21 0 . 63 0 . 21 0.97 0 . 36 0 .83 0 .33 
Punjab & Haryana a 

0.39 0 . 07 0.59 0.12 0 . 55 0 . 12 0 . 92 0.22 0 . 7 5 0 . 20 
Rajas than 0 . 07 0 . 02 0.10 0 . 04 0 .09 0 . 04 0 . 15 0.07 0.12 0 . 06 
Uttar Pradesh 3.39 0 . 33 4 . 59 0.52 4.39 0 . 51 6 . 54 0 . 87 5 . 57 0 . 79 

Total 4.32 0 . 53 5.94 0.89 5.66 0 . 88 8.58 1 . 52 7 . 27 1 . 38 

East b 
Assam 3. 50 0.27 5.36 0.32 5.06 0 . 31 8.37 1.12 6 . 93 1 . 00 
Bihar 5.78 0.56 7.82 0.98 7.47 0 . 96 11 . 10 1.73 9.46 1.55 
Orissa 2. 90 0 . 24 4.29 0.26 4 . 06 0.25 6.52 1.06 5 . 44 0 . 93 
West Bengal 6 . 35 1 . 44 9.23 2.12 8.72 2.08 13 . 87 3 .30 11 . 56 3 . 04 

Total 18 . 53 2.51 26.70 3.68 25.31 3.60 39.86 7.21 33 . 39 6 . 52 
..... 

West °' V, G . c 0.45 0 . 21 0 . 70 0 . 40 0.65 0.39 1 .09 0. 74 0 . 90 0 . 66 UJ arat 
Madhya Pradesh 2.28 0.23 3 .46 0 . 43 3.27 0.41 5.36 0 . 78 4 .42 0. 70 • 
Maharashtra 1.18 0.63 1 . 78 1 . 18 1.68 1.15 2.74 2.16 2.25 1 . 94 

Total 3.91 1.07 5.94 2.01 5 . 60 1 . 95 9 . 19 3.68 7 . 57 3 . 30 
South 
AndhradPradesh 3.57 0.98 4 . 92 1.62 4 . 69 1 . 57 7 . 10 2 . 74 6 . 03 2.47 
Ke r ala 2.47 0 .43 3 . 94 0.79 3.69 0 . 76 6.30 1 . 38 5.16 1 . 23 
Mysore 1.11 o. 46 1.61 0.80 1.53 0.78 2.43 1.39 2 . 03 1 . 24 e Tamilnadu 3 .10 1 . 55 4 . 23 2.75 4 . 02 2.68 6.07 4.92 5.14 4.44 

Total 10 . 25 3 . 42 14 . 70 5.96 13 . 93 5.79 21.90 10.43 18.36 9.38 
All-Indi.=i 37.01 7. 53 53 . 28 12 . 54 50.50 12 . 22 79 . 53 22 . 84 66 . 59 20.58 

a 
Includes Hirnanchal Pradesh , Delhi and Chandigarh . 

bincludes Manipur, Tripura, NEFA, Nagaland and Bay Islands. 
C 
dlncludes Goa, Daman, Diu, Dadra, and Nagar Haveli. 

Includes Arabian Islands. 

eincludes Pondicherry . 

• 



Table A6 . State aggregate demand for wheat for human consumption (million tons) 

1971 1986 2001 
High Projection Low Projection High Projection Low Proj ection 

Rural Urban Rural Urban Rural Urban Rural Urban Rural Urban 

North 
Jammu & Kashmir 0.12 0 . 03 0 . 16 0 . 05 0 . 16 0 . 05 0.24 0.08 0 . 21 0 .07 
Punjab & Haryana a 2 .11 0 . 96 3 . 19 1 . 76 3 . 00 1 . 71 4 . 94 3 . 16 4 .06 2.84 
Rajas than 0 . 65 0 . 39 0 . 95 0 . 67 0 . 90 0.65 1.44 1.15 1 . 20 1 .04 
Uttar Pradesh 3 . 43 1.02 4.65 1 . 61 4 . 44 1.57 6 . 61 2 . 69 5 . 63 2 . 44 

Total 6 . 31 2.40 8.95 4 . 09 8 . 50 3 . 98 13 . 23 7 . 08 11.10 6 . 39 

East b 
Assam 0 . 07 0 . 03 0.10 0.04 0.10 0 . 04 0.16 0 . 14 0.13 0 . 12 
Bihar 1 . 33 0.26 1.80 0 . 46 1 . 72 0.45 2.56 0 . 81 2.18 0 . 73 
Orissa 0.01 0 .02 0.02 0.02 0 . 02 0 . 02 0 . 02 0.09 0.02 0 . 08 
West Bengal 0 .18 0 . 35 0 . 26 0 . 51 0 . 24 0.50 0 . 39 0 . 80 0 . 32 0 . 73 

Total 1 . 59 0.66 2.18 1 . 03 2. 08 1.01 3 . 13 1.84 2 . 65 1.66 

West I-' 
Q'\ G . C 0 . 42 0 . 44 0.66 0 . 83 0.62 0 .80 1 . 03 1.52 0.85 1 . 36 Q'\ uJarat 

Madhya Pradesh 1 . 38 0 . 55 2 . 09 1.04 1 . 97 1 . 01 3 . 24 1 . 90 2 . 67 1 . 70 
Maharashtra 0 . 42 0 . 54 0.64 1 . 01 0 . 60 0 . 98 0 . 98 1 . 84 0.80 1 .66 

Total 2 . 22 1.53 3 . 39 2 . 88 3 . 19 2.79 5 . 25 5 . 26 4 . 32 4 . 72 

South 
AndhradPradesh 0.02 0.05 0.02 0.08 0 . 02 0 . 08 0 . 03 0.13 0.03 0.12 
Kerala 0.02 0 . 01 0.03 0 . 01 0 . 03 0.01 0.05 0.02 0 . 04 0.02 
Mysore 0.10 0 . 07 0.14 0 . 13 0 . 13 0.12 0.21 0 . 22 0.18 0 . 20 
Tamilnadue 0 . 03 0 . 03 0.04 0.06 0.04 0 .06 

I 

0 . 06 0 . 12 0.05 0 . 10 
Total 0.17 0.16 0 . 23 0.28 0.22 0.27 0 . 35 0 . 49 0 . 30 0 . 44 

All-India 10.29 4.75 14 . 75 8 . 28 13 . 99 8.05 21 . 96 14.67 18.37 13.21 

alncludes Himanchal Pradesh , Delhi and Chandigarh . 

bincludes Manipur, 
I 

Tripura , NEFA, Nagaland and Bay Islands. 
C 

Includes Goa, Daman, Diu, Dadra, and Nagar Haveli. 
dincludes Arabian Islands . 
e 

Includes Pondicherry . 
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Table A7 . Present utilization and future potential for irrigation development in India (gross area: thousand acres) 

North 
Jammu & Kashmir 
Punjab & Haryana 
Rajas than 
Uttar Pradesh 

East 
Assam 
Bihar 
Orissa 
West Bengal 

West 
Gujarat 
Madhya Pradesh 
Maharashtra 

South 
Andhra Pradesh 
Kerala 
Mysore 
Tamilnadu 
Otherse 
Total 

Majora 

241 
10,229 

7,800 
18,000 

2,400 
10,600 

6,000 
5,700 

5,300 
13,900 

5,800 

16,000 
1 , 543 
4,400 
3,858 

112,571 

Minor 
b b Surface Ground 

1,000 
400 

1,000 
2,500 

2,500 
4,500 
3,000 
3,000 

1,200 
2,000 
2,000 

150 
6,700 
3,500 

16,000 

500 
4,050 
1,000 
2,000 

3,000 
4,000 
3,500 

5,000 4,500 
2,000 250 
2,000 2,000 
2,000 3,250 

900 150 
35,000 __ 55,000 

90,000 

aGovernment of India, (1968f) . 

bGovernment of India, (1968h) . 

1968-69 
Potential 

Created 
Major 

151 
5,773 
2,569 
7,420 

214 
4,884 
3,068 
2,729 

1,309 
2,377 
1,578 

6,196 
890 

1,852 
3,607 
2,266 

46,883 

1964- 65 
Minor Utilization 

b b 
Surface Ground 

554 
163 
474 

1,401 

1,458 
2,713 
2,221 
1,850 

111 
309 
509 

2,516 
549 
890 

1,653 
655 

3 
3,603 
2,784 
6,870 

861 
171 

38 

1,629 
917 

1,882 

1,218 
16 

484 
2,002 

62 
18,026 22,539 --40,565 

Percent of Potential 
Utilizcition 

Majorc Surfaceb Groundb 

63 
56 
33 
39 

9 
46 
51 
48 

25 
17 
27 

39 
58 
42 
93 

42 

55.4 
40 . 7 
47.4 
56 . 0 

58.3 
60.3 
74.0 
61.7 

9 . 3 
15 . 4 
25.4 

50.3 
27 . 4 
44.5 
82 . 6 
72.8 
51.5 

2.0 
53 . 8 
79.5 
42 . 9 

19.1 
17.1 

1 . 9 

54.3 
22.9 
53.8 

27.1 
6.4 

24.2 
61 . 6 
47 . 3 
41.0 

Percentage 
Distribution 
of P-::-esent 
Unexploited 
Irrigation 
Potentiald 

0.58 
6.97 
5.53 

18 . 48 

3.19 
9.14 
3 . 88 
5 . 20 

5.52 
13 . 93 

6 . 27 

13.31 
2.00 
4 . 42 
1 . 58 

100.00 

cAnticipated potential up to end of 1968-69 from schemes of First Plan and schemes approved during 1966- 69 including 
preplan (Source: Irrigation Division, Planning Commission) . 

d 
Computed from the previous columns and adjusted for the inclusion of Union Territories within the states, as adopted 

in this study. 

eThe areas listed as "other" under the columns for "Potential, Minor, Surface'; "Potential, Minor, Ground',' and "1968-69 
Potential Created Major" are all balancing items. These figures were omitted in the cited sources . They should not be con
sidered as accurate data. 

' 
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Table A8. State estimated production of food grains and cereals (million tons) -- - - ·- -· 

1971 1986 2001 
Average of 1968-71 High Projection Low Projection High Projection Low Projection 

Food Cereals Food Cereals Food Cereals Food Cereals Food Cereals 
Grains Grains Grains Grains Grains 

North 
Jammu & Kashmir 1.03 1 . 00 1 . 36 1 . 30 1 . 82 1.70 1 . 88 1.77 2 . 53 2. 36 
Punjab & Haryana a 

13.06 11.77 17.03 15 . 42 30.84 29 . 57 23 . 24 21 . 00 43 . 03 41 . 03 
Rajas than 6.65 5 . 25 9 . 80 8 . 14 9.27 7.63 14 . 73 12.57 12.84 10.59 
Uttar Pradesh 18 . 24 15.16 28.77 24 .82 26.86 23 . 30 45 . 23 39 . 61 36 . 35 32 . 35 

Total 38 . 98 33 . 18 56 . 96 49 . 58 68 . 79 62 . 20 85.08 74.95 94.75 86.33 
East b 
Assam 2. 7 2 2.67 4.54 4.33 3 . 70 3.48 7 . 38 6.89 5.11 4 . 83 
Bihar 8 . 11 7.09 13.32 11.87 9 . 58 8 . 36 21.46 19 . 18 13 . 10 11 . 61 
Orissa 4.93 4 . 49 7.14 6 . 52 6 . 02 5 . 27 10 . 60 9 . 63 8 . 33 7.31 
West Bengal 7 . 74 7. 24 10 . 70 9.96 11.66 10 . 96 15.33 14 . 12 16 . 86 15.21 ..... 

Total 23 . 50 21 . 49 35.70 32 .68 30.96 28.07 54.77 49.82 43.40 38.96 0\ 
CX) 

West 
G . c 4 . 04 3.88 7.18 6.70 6 . 94 6.45 12 . 10 11.12 9 . 64 8 . 96 uJarat 
Madhya Pradesh 10 . 67 8.68 18 . 62 15.95 12 . 90 10 . 45 31.02 27.11 18.10 14.51 
Maharashtra 5.82 5.07 9 . 39 8 . 35 6.62 5 . 54 14.98 13 . 37 9.22 7.69 

Total 20 .53 17 . 63 35.19 31 . 00 26.46 22.44 58.10 51.60 36 . 96 31 . 16 
South 
AndhradPradesh 7 . 08 6 . 78 14.66 13.73 7 . 69 7.06 26.52 24.38 10 . 68 9 . 80 
Ke.rala 1.31 1 . 29 2 . 45 2. 33 1 . 67 1 . 58 4.23 3 . 93 2 . 33 '2.19 
Mysore 5.97 5 . 55 8.49 7 . 86 9.17 8 . 26 12 . 42 11 . 39 12 . 88 11 . 46 
Tamilnadue 6.83 6.72 7. 73 7 . 54 8 . 84 8.33 9 . 14 8.81 12.20 11 . 56 

Total 21 . 19 20.34 33 . 33 31.46 27 . 37 25 . 23 52 . 31 48.51 38.09 35 . 01 
All-India 104 . 20 92 . 64 161.18 144 . 82 153.58 137.94 250 . 26 224 . 88 213 . 20 191 . 46 -

a 
Includes Himachal Pradesh , Delhi and Chandigarh . 

binc ludes ~!anipur, Tr ipur a, NEFA, Nagaland and Bay Islands . 
C 

Includes Goa, D~man, Diu, Dadra and Nagar liaveli . 
d . 

Includes Arabian Islands . 
~ 

Inc ludes Po11dicherry. 



Table A9 . Estimated production pattern of rice and wheat for states (percentage to state ' s total cereals production) 

North 
Jammu & Kashmir 
Punjab & Haryanaa 
Rajas than 
Uttar Pradesh 

Total 

East b 
Assam 
Bihar 
Orissa 
West Bengal 

Total 

West 
G 

• C uJarat 
Madhya Pradesh 
Maharashtra 

Total 

South 
AndhradPradesh 
Kerala 
Mysore 
Tamilnadue 

Total 

All-India 

1971 
Average of 1968- 71 

Rice Wheat 

41 . 7 2 
11.01 

2.49 
24 . 20 
16 . 64 

98.29 
61 . 89 
93.25 
87 .40 
81 . 56 

15.56 
40.55 
29.36 
31.83 

67.77 
99.25 
38 . 09 
76.50 
64.56 

45.10 

19 . 20 
66.73 
32 . 55 
47 . 38 
51.02 

0 .01 
18 . 57 

0 . 01 
11.13 

9.87 

20.85 
30.15 
8 . 85 

21 . 98 

0.04 

2.51 
0.01 
0 . 69 

24 . 96 

1986 
High Projection 
Rice Wheat 

48 . 48 
12.80 

2 . 89 
28.12 
19.77 

91.22 
71 . 91 
91 .87 
91 . 77 
84 . 52 

18 . 07 
47.13 
34.12 
37.35 

78 . 76 
99.14 
44 . 25 
88 . 90 
74.06 

49.94 

14 . 20 
49 . 38 
24 . 09 
35 . 06 
37 .14 

0 .01 
13 . 74 
0.01 
8.23 
7.53 

15 . 42 
22.31 
6.55 

16.58 

0.03 

1.86 
0 . 01 
0 . 48 

18 . 09 

a 
Includes Himanchal Pradesh , Delhi and Chandigarh. 

Low Projection 
Rice Wheat 

55.70 
14 . 70 

3.34 
32 . 45 
21.08 

96.88 
82.64 
97.57 
93.29 
91.34 

20 . 77 
54.14 
39 . 20 
40 . 86 

90 . 47 
99 . 18 
51.09 
93.36 
79 . 11 

49.21 

11 . 58 
40 . 26 
19 . 64 
28.59 
32 . 57 

0.01 
11.20 

0 . 01 
6.71 
5 . 98 

12 . 58 
18.19 

5.34 
13 . 41 

0 .02 

1.51 
0 . 01 
0 . 48 

18 . 71 

bincludes Manipur, Tripura, NEFA, Nagaland and Bay Islands. 
C 

Includes Goa, Daman, Diu, Dadra, and Nagar Haveli. 

dincludes Arabian Islands. 

eincludes Pondicher r y . 

• 

High Projection 
Rice Wheat 

47.85 
12.63 

2 . 85 
27.75 
19 . 81 

89 . 94 
70 . 98 
90 . 68 
90 . 58 
82 . 96 

17 . 84 
46.52 
33 . 68 
37 . 00 

77.74 
98.22 
43.68 
87 . 74 
79 . 22 

49 . 27 

14. 72 
51 .19 
24 . 97 
36.35 
38.09 

0.01 
14.24 
0.01 
8 . 53 
7 . 89 

15.99 
23.13 
6.79 

17 . 36 

0 . 03 

1 . 93 
0.01 
0.47 

18 . 53 

2001 
Low Projection 
Rice Wheat 

55.78 
14 . 72 

3 . 34 
32.49 
21.10 

97.01 
82.75 
97.71 
93 . 07 
91 . 50 

20 . 80 
54.21 
39 . 25 
40.92 

90 . 60 
99.32 
51.16 
93 . 49 
79.18 

49 . 27 

11 . 96 
41 . 57 
20.28 
29 . 52 
33 . 64 

0 . 01 
11 . 56 

0 . 01 
6 . 93 
6 . 16 

12 . 99 
18.78 

5 . 51 
13.83 

0 . 02 

1 . 56 
0 . 01 
0 . 51 

18.77 

I-' 
Q'\ 
\0 

• 
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Table Al0 . Estimated production of rice and wheat for states (million tons) 

1971 1986 
Average of 1968- 71 High Projection Low Projection 

Rice Wheat Rice Wheat Rice 

North 
Jammu & Kashmir 0 . 42 0 . 19 0.63 0 . 18 0 . 95 
Punjab & Haryana a 

1 . 30 7 . 85 1 . 97 7 . 61 4 . 35 
Rajas t han 0 . 13 1 . 71 0 . 24 1.96 0 . 25 
Uttar Pradesh 3 . 67 7. 18 6 . 98 8. 70 7. 56 

Total 5 , 5? 16 . 93 9.82 18 . 45 13.11 
Eas t b 
Assam 2 . 62 Neg . 3 . 95 Neg . 3.37 
Bihar 4 . 39 1 . 32 8 . 54 1.63 6 . 91 
Orissa 4.19 Neg . 5.99 Neg . 5 . 14 
West Bengal 6.33 0 . 80 9 . 14 0 . 83 10.22 

Total 17 . 53 2 . 12 27 . 62 2.46 25.64 
West 
G . c uJ arat 0 . 60 0.81 1 . 21 1 . 03 1.34 
Madhya Pradesh 3.52 2 . 62 7.52 3.56 5 . 66 
Maharashtra 1 . 49 0 . 45 2. 85 0.55 2 . 17 

Total 5 . 61 3.88 11.58 5 . 14 9 . 17 
South 
AndhradPradesh 4 . 59 Neg . 10 . 81 Neg . 6 . 39 
Kerala 1.28 - 2 . 31 - 1 . 57 
Mysore 2.11 0 . 14 3 . 48 0 . 15 4.22 
Tamilnadue 5 . 14 Neg . 6 . 70 Neg. 7.78 

Total 13 . 12 0 . 14 23.30 0 . 15 19 . 96 
All-India 41 . 78 23 . 07 72 . 32 26.20 67 . 88 

aincludes Himanchal Pradesh, Delhi and Chandigar h. 

bincludes Manipur, Tripura , NEFA, Nagaland and Bay Islands. 
C 
Includes Goa, Daman, Diu, Dadra, and Nagar Haveli. 

dincludes Ar abian Islands . 

eincludes Pondicherry . 

Wheat 

0 . 20 
11 . 90 

1 . 50 
6 . 66 

20 . 26 

Neg . 
0.94 
Neg. 
0 . 74 
1 . 68 

0.81 
1.90 
0 . 30 
3 . 01 

Neg. 
-

0 . 12 
Neg . 
0 . 12 

25 . 07 

High Projection 
Rice Wheat 

0 . 85 0 . 26 
2 . 65 10.75 
0 . 36 3 . 14 

10.99 14.40 
14 . 85 28.55 

6.20 Neg . 
13 . 61 2. 73 

8 . 73 Neg . 
12.79 1. 20 
41.33 3 . 93 

1 . 98 1 . 78 
12 . 61 6. 27 

4 . 50 0.91 
19 . 09 8.96 

18.95 0 .01 
3 . 86 -
4.98 0.22 
7 . 73 Neg . 

35 . 52 0 . 23 

110.79 41 . 67 

2001 
Low Projection 
Rice Wheat 

1 . 32 0 . 28 
6 .04 17.06 
0 . 35 2.15 

10.51 9 . 55 
18 . 22 29.04 

4.69 Neg. 
9 . 66 1.34 
7 . 14 Neg . 

14.16 1 . 06 
35 . 65 2 .40 

..... 
-...J 

1.86 1 . 17 0 

7.87 2 . 72 
3 . 02 0 . 42 

12 . 75 4 . 31 

8 . 88 Neg. 
2. 17 
5 . 86 0.18 

10.81 Neg. 
27 . 72 0.18 

94.34 35 . 93 
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APPENDIX B 

Rainfall Data 

Appendix B provides the names of the meterological stations for 

which rainfall data are available from 1875. These are obtained through 

the courtesy of Dr. S.R. Sen and Mr. J.S. Sanna from the Indian Meterolo

gical Department and are available from the authors on request. 

Rainfall data from these stations, however, suffered from one de

fect. There were missing observations in relation to some of those sta

tions. The following procedure was adopted to estimate the missing 

observations. 

If A and Bare two nearby stations (decided by comparing their 

latitudes and longitudes), XAi and XBi be their historic averages for 

the ith month (generally taken as a period of 30 years length) then 

the missing observation for any of the two stations is estimated by 

using the corresponding observation from the other station and the 

ratio of their historic averages. For example, if station A had no 

rainfall record for February, 1875 but available for station B the miss

ing observation for station A is obtained as (XA2/xB 2) x (XB2)
1875

, 

the second factor being the recorded February rainfall of station B 

for the year 1875 (for climatological normals of observatories, see 

Government of India, 1967a ). The time series data of these stations 

thus obtained are condensed to 33 rainfall subdivis ions series (monthly 
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from 1875 to 1966) by taking a simple average of the stations falling 

within each of the rainfall subdivisions . 

From the meterologists viewpoint, use of the above rainfall data 

might invite criticism. Tl1e technique of measuring rainfall for any 

area or region from representative samples of the fall reaching the 

earth surface is much more complicated than the simple procedure adopted 

1 
here. However, the present study is primarily concerned with the rela-

tive values of the rainfall in different regions and their distribution 

pattern. Moreover, the averaging technique that has been adopted in 

constructing the rainfall indices is expected to partially cancel out 

errors in the rainfall data . From this viewpoint, the analysis at the 

national level is likely to provide better results than those for 

any particular locality or area. 

1 The absolute value of the rainfall for an area is usually deter-
mined by collecting samples with the help of rain guages and estimating 
the mean by Thessian Polygon method, Isohytcl method etc. The accuracy 
of the estimated mean rainfall depends upon the number and distribution 
of rain guages which depend upon such factors as size of the area , pre
cipitation pattern, topography, aspect, elc.•vc1tion , eLc. (Inc.li~1n Council 
of Agricultural Research, l 968). 

• 
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Table Bl. List of meteorological stations for which rainfall data are 
available from 1875 and are used in computing the rainfall 
indices 

1'1eteorological 
Subdivision 

1. Bay Islands 

2. North Assam 

3. South Assam 

4. Sub-Himalayan 
West Bengal 

5. Gangetic 
West Bengal 

6. Orissa 

7. Bihar Plain 

8. Bihar Plateau 

9. East Uttar 
Pradesh 

10. West Uttar 
Pradesh 

11. Haryana 

12. Punjab 

13. Himachal Pradesh 

14. Jammu & Kashmir 

15. West Rajasthan 

S . a tations 

1. Port Blair (43333) 

1. Sibsagar (42311), 2. Dibrugarh (42312), 
3. Dhubri (42404), 4. Gauhati (42411), 
5. Tezpur (42415) 

1. Shillong (42516), 2. Silchar (42619), 
3. Cheerapunji (42515), 4. Tura (42511) 

1. Jalpaiguri (42399), 2. Cooch Behar (42403), 
3. Malda (42503), 4. Darjeeling (42295) 

1. Bankura (42707), 2. Berhampore(42603), 
3. Burdwan (42709), 4. Krishnagar (42711), 
5. Midnapore (42803) 

1. Balasore (42895), 2. Cuttack (42970), 
3. Gopalpur (43049), 4. Puri (43503), 
5. Sambalpur (42883) 

1. Motihari (42383), 2. Darbhanga (42391), 
3. Muzzafarpur (42387), 4. Patna (42491), 
5. Purnea (42500) 

1. Hazaribagh (42699), 2. Daltonganj (42587), 
3. Ranchi (42700), 4. Dumka (42599), 
5. Chaibasa (42795) 

1. Allahabad (42475), 2. Bahraich (42273), 
3. Gorakhpur (42379), 4. Banaras (42483), 
5. Lucknow (42368) 

1. Agra (42261), 2. Bareilly (42189), 
3. Jhansi (42463), 4. Meerut (42139), 
5 . Roorkee (42140) 

1. Ambala (42103), 2. New Delhi (42182) 

1. Ludhiana (42094), 2. Ferozepore (42096), 
3. Pathankot (42058), 4. Amritsar (42071) 

1. Kyelong (42063), 2. Simla (42083) 

1. Gulmarg (42536), 2. Gilgit (43516), 
3. Srinagar (43540), 4. Leh (43544) 

1. Barmer (42435), 2. Bikaner (42165), 
3. Jodhpur (42339), 4. Jaisalmer (42328), 
5 . Philodi (42237) 



Table Bl. cont. 

Meteorological 
Subdivision 

16. East Rajasthan 

17. West Madhya 
Pradesh 

18. East Madhya 
Pradesh 

19. Gujarat Region 

20. Saurashtra and 
Kutch 

21. Konkan 

22. Madhya 
l-1aharashtra 

23 . Marathwada 

24. Vidarbha 

25. Coastal Andhra 
Pradesh 

26 . Telangana 

27. Rayalseema 

28. Tamil l~adu 

29. Coastal Mysore 

30. Interior Mysore, 
North 
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S 
. a tations 

1. Ajmer (42343), 2. Jaipur (42347), 
3. Kotah (42451), 4. Abu (42540), 
5. Udaipur (42543) 

1. Bhopal (42668), 2. Pachmari (42767), 
3. Hoshangabad (42763), 4. Indore (42755), 
5. Neemuch (42547), 6. Sagar (42671) 

1 . Jabalpur (42675), 2. Jagdalpur (42339), 
3. Pendra (42779), 4. Raipur (42875) 

1 . Deesa (42539), 2. Ahmedabad (42647), 
3. Surat (42840), 4. Broach (42841) 

1 . Dwarka (42731), 2. Veraval (42900), 
3. Bhujt (42635), 4. Rajkot (42736), 
5. Jamnagar (42734) 

1 . Bombay (43057), 2. Ratnagiri (43110) 

1. Ahmednagar (43009), 2. }1alegaon (42925), 
3. Poona (43063), 4. Jalgaon (42857), 
5. Sholapur (43117) 

1. Aurangabad (43013), 2. Parbhani (43017) 

1. Akola (42933), 2. Amravati (42937), 
3 . Yeotmal (42943), 4. Nagpur (42867), 
5. Chanda (43029) 

1. Kakinada (43189), 2. Masulipatnam (43185), 
3. Nellore (43245), 4. Visakhapatnam (43149), 
5. Ongole (43221) 

1. Begumpet (43129), 2. Nizamabad (43081), 
3. Hanamkonda (43087), 4. Khammam (43137) 

1. Anantapur (43237), 2. Cudappah (43241), 
3. Kurnool (43213) 

1. Nungambakkam (43279), 2. Madurai (43259), 
3. Salem (43325), 4. Cuddalore (43329), 
5. Nagapattinam (43347) 

1. Karwar (43225), 2. Honawar (43226), 
3. }1angalore ( 43285) 

1. Belgaun1 (43197), 2. Bidar (43125), 
3. Bijapur (43161), 4. Gulabarga (43121), 
5 . Raichur (43169) 



Table Bl . cont . 

}1eteorological 
Subdivision 

31 . Interior t1ysore, 
South 

32 . Kerala 

33 . Arabian Sea 
Islands 

~umber in parenthesis 
Meteorological Department . 
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a Stations 

• 

1 . Bellary (43205), 2 . Mercara (43287) , 
3 . Hassan (43263), 4. Mysore (43291), 
5 . Chitaldurg (43233) 

1 . Kozhikode (43314), 2. Cochin (43351), 
3 . Trivandrum (43371), 4 . Palghal (43335) 

1 . Amini Devi (43311) , 2 . Minicoy (43369) 

denotes the station code given by the 

• 
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APPENDIX C 

Construction of Rainfall Indices 

For the limited objectives of the present study, two rainfall 

index series are constructed--one for cereals as a whole and another 

for rice, a principal crop of India, and the production of which is 

greatly influenced by the monsoons . The procedure, described in de

tails for the construction of cereals rainfall index , is based on as 

signing suitable weight s to the volume of rainfall in different periods 

\vi thin a year for each of the meteorological subdivisions. Similar 

procedure followed for rice is also briefly described. 

A. Cereals rainfall index 

Cereals production is a year round activity in India and the total 

production in any of the meteorological subdivisions is largely influ

enced by the volume of rainfall during the four monsoon periods . Through 

a series of mutual adjustment over years, each meteorological subdivi

sion has evolved a particular crop calendar suitable for its soil- clima

tic characteristics. For some divisions, total cereals production pri

marily depends on southwest monsoon; for other regions all the four mon

soons are important . An aggregate rainfall index to correlate with the 

total cereals production can, therefore, be obtained by weighting each 

division's rainfall during the four monsoon periods with suitable 

weights. Since the primary interest in this study is to examine the 
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variations in yield and acreage and,hence,in production due to rainfall, 

the use of production as weights seems appropriate. 

First a base period which is relatively recent and during which 

production fluctuations are relatively moderate is chosen. The following 

assumptions are then made: 1) relative contribution of the cereals 

produced during the four monsoon periods to any subdivision's total 

cereals production remains constant in any two years of same rainfall 

distribution; 2) relative contribution by the subdivisions/states to the 

state's/nation's total cereals production remain constant in any two 

years of same subdivision's/state' s rainfall distribution; and 3) the 

timings of rainfall within periods are ignored and it is assumed that 

the production in any monsoon period is influenced by the volume in 

that period. 

Each subdivision's crop calendar is prepared to examine which 

monsoon primarily influences production of which crops. For example, 

consider a particular subdivision which grows the following cereals: 

i) March to May: autumn rice, maize, ii) June to September: winter rice, 

kharif jowar, bajra and ragi, iii) October to February: wheat, barley, 

rabi jowar and surmner rice. 

Let the relative contributions of cereals produced during these 

three periods to the subdivision's base period total cereals production 

be W1 , w2, and w3 . If Xlt' x2t' and x3t denote the subdivision's cor

responding rainfall total for year 't', the division's cereals rainfall 
3 3 - -index for the year 't' is defined as ( L W.X.t)/( r W X.), where X.s 

i=l ii i=l i i 
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are corresponding historic rainfall averages. Rainfall indices of 

subdivisions falling within a state are then weighted by their cor

responding base period total cereals production to derive state indices; 

similarly, state indices are weighted by their corresponding base period 

total cereals production to derive national cereals rainfall index. 

The computed indices have several defects which we would like to 

mention here. The procedure outlined assumed no change in cereals pro

duction pattern within and among the states. This is a strong assump

tion but probably unavoidable and like other index series, one has to 

change the weights (changing the base) after some years. An alternative 

procedure would be to use net sown acreage instead of production as 

weights because the fonner is relatively stable. This also, however, 

has its own drawbacks. It ignores the basic productivity differences 

from region to region and makes an implicit assumption that production 

is proportional to acreage sown. 1 

Again the monsoon currents normally arrive in different parts of 

the country at different dates. The broad classification of the four 

monsoon periods used in the construction of the rainfall indices are, 

therefore, unlikely to provide sensitive results at the divisional or 

state levels. One way to overcome this defect is to use district crop 

1
At the national level, the two procedures are unlikely to provide 

significantly different results. An earlier series that we constructed 
from the published rainfall data from 1950-51 with acreage as weights 
provided impressive results at the level (Cummings and Ray, 1969a; 1969b). 
With the present data also rainfall indices were constructed by using 
both production and acreage as weights. It was, however, found that the 
distribution patterns of both the series were practically the same. 
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calendars. This would require assigning different weights to each month 

of the year for the different meteorological subdivisions in the country. 

While this procedure is likely to increase the sensitivity of the rain

fall indices for measuring production fluctuations at the regional levels, 

their interpretations and use at the national level for policy decisions 

will be rather difficult. Again, the production of any crop is assumed 

to be entirely dependent on one of the four monsoons. Much, however, 

depends on the moisture content of the soil at the time of sowing. For 

example, wheat is generally sown in October-November. Inadequate rain 

during these months hardly affects the wheat acreage if there is good 

rain during the month of September. 

This brings out the most serious defect of the aggregative approach 

adopted here, viz. that distribution of rainfall by amounts and by tim-

2 
ing is grossed over. A rigorous analysis would require disaggregation 

of rainfall by time periods and examination of its effect at the time of 

sowing, flowering, maturing and harvesting of the crop. 

Despite these limitations, the suggested method appeals as it is 

easily understandable and readily usable for policy decisions. Detail 

analysis of crop- rainfall relatipnship at the micro-levels, while im

portant, loses much of its importance for decision making at the 

national level . For example, in fixing procurement prices, say for 

kharif cereals, a rough estimate about the crop prospect is generally 

2
obviously, it makes a difference whether rainfall is spread evenly 

over a period, or more specifically, falls at crucial plant growth period 
(i . e . the crown root and milk stages in wheat) as compared to occurring 
in one deluge, i.e. a flood. Oury (1967) through his Program Windex has 
analyzed for Punjab the effect of rainfall on output at the time of sow
ing, flowering, maturing and harvesting. 

• 
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made from the broad rainfall distribution pattern over the country 

during the southwest monsoon. Regional variations in output due to rain 

hardly enters into the decision making. Similarly, in working out a 

crop insurance scheme or reserve stocks, only some location and disper

sion parameters of the rainfall probability distribution are required. 

The averaging techniques generally used in estimating these parameters 

are likely to reduce the errors arising from using these indices. Fi

nally, in this study we are concerned with the limited objective of 

determining the size of reserve stocks for meeting specific contigen

cies in probabilistic terms. An ambitious crop-rainfall analysis is 

beyond the scope of present work. 

B. Rice rainfall index 

Rice is grown in all the states of India. In some states it is 

practically a year round activity while in others it is grown only as 

kharif crop. The bulk of the production, however, comes from the kharif 

harvest and is influenced by rainfall during the southwest monsoon. 

Water requirement for rice cultivation is so high that it is difficult 

to meet total requirement through irrigation alone. This makes rice 

cultivation more monsoon dependent. Temperature and day length are 

generally not the constraints during the seasons when it is grown in 

the different states. 

Following the similar procedure as in the case of cereals, rice 

rainfall indices are constructed at the subdivision, state and national 

levels. Tables in this section provide some basic data for computing 
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the rainfall indices. The average of 1959-62 production is taken as 

the base . All the index series are computed in such a manner that they 

have same mean (100) but different dispersions. 

Appendix Table Cl provides a monsoon period-wise crop production 

calendar for different items under cereals for different states. This 

is prepared from district-wise crop calendar (see Government of India, 

1967b) Appendix Table C2 and Table C3 provide weights to compute divi

sional, state, and national rainfall index for cereals and rice. The 

total of the period weights for each division adds up to 100. Similarly, 

the totals of the division weights falling within a state and that of 

the state weights are all equal to 100. The 1959-62 average production 

is used to compute the weights. 

Appendix Table C4 provides national rainfall index series for 

cereals and rice from 1875-76. State rainfall index series for cereals 

3 and rice are given from 1952-53 in Appendix Table CS. Appendix Table 

C6 and Table C7 provide the state frequency distribution of cereals and 

rice rainfall indices. Three measures of dispersion computed for each 

of these frequency distributions are also given in the above tables. 

3Rainfall index series for cereals and rice at the meteorological 
subdivision and state levels from 1875-76 are available from the authors 
on request. 



Table Cl. Monsoon period-wise crop production calendar for states 

State June-Sept. Oct.-Dec. 

1. Andhra Pradesh 

2. Assam 

R(W),J(K),Bj,M,Rg,Sm 

R(W) 

R(A),R(W),J(K),Bj,Rg,Sm 

R(W),J(K),Bj,M,Rg,Sm 

Bj, Sm 

R(S),W,J(R),Br -

W,R(S) 

3. Bihar 

4. Gujarat 

5. Jammu & Kashmir 

6. Kerala 

7. Madhya Pradesh 

8. Tamil Nadu 

R(W), Sm . 

W,Br 

W,J(R),Br 

W,Br 

R(S) 

W,J(R),Br 

R(W),J(R) 

R(S) 

R(S) 

R(S),J(R) 

9. Maharashtra 

R(A),J(K),Bj,M,Rg,Sm 

R(A),J(K),Bj,Rg,Sm 

R(W),J(K),Bj,M,Rg,Sm 

R(A),R(W),J(K),Bj,M,Rg,Sm 

R(S),W,J(R) ,Br -

10. Mysore W,J(R),Br R(S) 

11 . Orissa R(A),R(W),J(K),Bj,M,Rg,Sm W,Br R(S) 

12. Punjab & Haryana R(A),R(S),J(K),Bj,M,Rg W,Br 

13. Rajasthan R(A),J(K),Bj,M,Sm W,Br 

14. Uttar Pradesh R(A),R(W),J(K),Bj,M,Rg,Sm W,Br R(S) 

15. West Bengal R(W),J(K),Sm R(S),W,Br 

16. Hi.machal Pradesh R(S),J(K),Bj,Rg,Sm W,Br 

March-May 

R(A) 

R(A) ,M, Sm 

R(A),J(K),M,Rg 

R(A),Rg 

Sm 

R(A),M 

M 

Abbreviations used : R(A) - rice, autumn; R(W) - rice, winter; R(S) - rice, summer; W - wheat; 
J(K) - jowar, kharif; J(R) - jowar, rabi; M - maize; Bj - Bajra; Rg - ragi; Sm - small millet s; 
Br - barley . 

I-' 
00 
N 
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Table C2 . Weights to compute divisional, state, and national annual rainfall index for cereals 

la. North Assam 
lb. South Assam 

2a. Sub-Himalayan 
West Bengal 

2b. Gangetic West 
Bengal 

3. Orissa 
4a. Bihar Plains 
4b. Bihar Plateau 

Sa. U.P., East 
Sb. U.P., West 

6. Punjab & Haryana 
7. Himachal Pradesh 
8. Jammu & Kashmir 
9a. Rajasthan, West 
9b. Rajasthan, East 

10a. M.P., West 
10b. M. P. , East 

lla. Gujarat Region 
llb. Saurashtra & Kutch 

12a. Konkan 
12b. Madhya Mahashtra 
12c. Marathwada 
12d. Vidarbha 

Period Weights to Compute 
Division Rainfall Index 

March- June- Oct .- Total 
May Sept. Feb. 

15.44 84.19 0.37 100.00 
18.54 80.38 1.08 100.00 

16.52 77.35 6.13 100.0 

9.14 89.44 1.42 100.0 

- 99.54 0.46 100.0 
- 84.50 15.50 100.0 
- 98.43 1.57 100.0 

- 54.06 45.94 100.0 
- 38.64 61.36 100.0 

- 35.09 64.91 100.0 
40.89 19.81 39.30 100.0 
74.97 4.00 21.03 100.0 

- 62.99 37.01 100.0 
- 50.63 49.37 100.0 

- 50.01 49.99 100.0 
- 87.98 12.02 100.0 

- 81.34 18.66 100.0 
- 65.89 34.11 100.0 

- 99.34 0.66 100.0 
- 55.30 44.70 100.0 
- 44.58 55.42 .100. 0 
- 80.20 19.80 100.0 

Division Weights 
to Compute State 
Rainfall Index 

79.1 
20.9 

100.0 

12.4 

87.6 
100.0 
100.0 

67.4 
32.6 

100.0 
62.8 
37.2 

100.0 
100.0 
100.0 
100.0 

27.1 
72.9 

100.0 
48.3 
51.7 

100.0 
77.7 
22.3 

100.0 
11.8 
42.5 
21.1 
24 . 6 

100.0 

State Weights 
to Compute 
All-India 
Rainfall 

Index 

2.52 

7.42 
5.70 

0.08 

15.86 
6.30 
0.47 
0.86 

5.68 

11.65 

3.00 

8.08 

~ 
00 
L,..) 

• 



Table C2. cont. 

Period Weights to Compute Division Weights State Weights 
Division Rainfall Index to Compute State to Compute 

March- June- Oct.- Total Rainfall Index All- India 
May Sept. Feb. 

13a. Coastal A.P. 10 . 50 80.50 9 . 00 100.0 47 . 8 
13b. Telengana 5 . 67 70.43 23.90 100 . 0 34.1 
13c. Rayalseem 4 .11 77 . 42 18 . 47 100.0 18 . 1 

100.0 9.56 
14. Tamil ~adu - 74 . 77 25.23 100 . 0 100.0 6 . 88 
15a. Coastal Mysore - 97.90 2 . 10 100 . 0 9.1 
15b. Mysore North - 57 . 51 42 . 49 100 . 0 40 . 4 
15c. Mysore, South - 97 . 09 2.91 100.0 50 . 5 

100.0 5 . 36 ..... 
00 

16. Kerala 45.36 43 . 85 10 . 79 100.0 100 . 0 1 . 58 ~ 



Table C3. Weights to compute divisional, state, and national annual rainfall index for rice 

la. North Assam 
lb. South Assam 

2a. Sub-Himalayan 
West Bengal 

2b. Gangetic West 
Bengal 

3. Orissa 
4a. Bihar Plains 
4b. Bihar Plateau 

Sa. U.P., East 
Sb. U.P., West 

6. Punjab & Haryana 
7. Himachal Pradesh 
8. Jammu & Kashmir 
Ya. Rajasthan, West 
9b. Rajasthan, East 

10a. M.P., West 
10b. M.P., East 

lla. Gujarat Region 
llb. Saurashtra & Kutch 

Period Weights to Compute 
Division Rainfall Index 

March- June- Oct.- Jan.- Total 
May Sept. Dec. Feb. 

15.3 84.5 0.2 - 100.0 
17.2 81.7 1.1 - 100.0 

14.6 82.8 2.6 - 100.0 

4 .1 90.6 5.3 - 100.0 

- 99.6 - 0.4 100.0 
- 100.0 - - 100.0 
- 100.0 - - 100.0 

- 99.8 - 0.2 100.0 
- 100.0 - - 100.0 

- 100.0 - - 100.0 
- 100.0 - - 100.0 

100.0 - - - 100.0 
- 100.0 - - 100.0 
- 100.0 - - 100.0 

- 100.0 - - 100.0 
- 100.0 - - 100.0 

- 100.0 - - 100.0 
- 100.0 - - 100.0 

; 

Division Weights 
to Compute State 
Rainfall Index 

79.3 
20.7 

100.0 

11.7 

88.3 
100.0 
100.0 

61.0 
39.0 

100.0 
76.4 
23.6 

100.0 
100.0 
100.0 
100.0 

4.2 
95.8 

100.0 
9.1 

90.9 
100.0 

94.7 
5.3 

100.0 

State Weights 
to Compute 
All-India 
Rainfall 

Index 

5.12 

14.88 
11.47 

13.18 

9.20 
1.35 
0.13 
0.71 

0.28 

10.44 

1.20 

I-' 
CX) 

VI 
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Table C3. cont. 

12a. Konkan 
12b . Madhya Maharashtra 
12c . Marathwada 
12d. Vidarbha 

13a. Coastal A. P. 
13b. Telengana 
13c . Rayalaseema 

14. Tamil Nadu 
15a. Coastal Mysore 
15b . Mysore, North 
15c . Mysore, South 

16. Kerala 

Period Weights to Compute 
Division Rainfall Index 

March- June- Oct. - Jan. - Total 
May Sept. Dec. Feb . 

- 99 . 2 - 0.8 100.0 
- 100.0 - - 100.0 
- 93.4 - 6 . 6 100.0 
- 100.0 - - 100 . 0 

13.3 79.6 7 . 1 - 100.0 
11.4 69.1 19.5 - 100.0 
13.0 64.5 64.5 - 100 . 0 

- 67.0 27 . 2 5.0 100.0 
- 97.9 - 2.1 100.0 

98 . 8 98.8 - 1 . 2 100.0 
- 96.4 - 3.6 100.0 

45.0 44.0 11.0 - 100 . 0 

Division Weights 
to Compute State 
Rainfall Index 

40.4 
20 . 4 
3.4 

35 . 8 
100.0 

62 . 5 
28 . 0 
9.5 

100 . 0 
100 . 0 

24 . 6 
18 . 9 
56 . 5 

100 . 0 
100 . 0 

State Weights 
to Compute 
All- India 
Rainfall 

Index 

4.04 

11 .85 
8 . 90 

4 . 05 
3 . 20 

I-' 
CX) 

0\ 
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Table C4. National rainfall index (normal= 100) 

Decade 
Beginning Crop Year Within the Decade 

With 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-0 

Cereals 

1870 102 90 75 102 109 
1880 94 102 103 97 109 100 108 104 94 104 
1890 108 88 123 118 116 94 95 98 101 73 
1900 106 81 91 104 84 83 105 82 102 107 
1910 109 85 92 91 108 95 114 120 77 103 
1920 84 101 107 93 102 95 103 101 91 96 
1930 95 103 92 112 102 95 109 97 106 89 
1940 98 89 107 102 109 97 107 105 104 105 
1950 100 82 88 110 102 117 126 95 104 103 
1960 105 118 97 99 110 84 

Rice 
' 

1870 100 88 79 101 108 
1880 99 108 100 96 104 103 106 79 94 107 
1890 109 89 106 113 104 100 101 95 109 86 
1900 104 86 96 100 86 92 102 88 101 109 
1910 105 93 94 99 105 100 108 111 91 104 
1920 92 104 112 91 102 102 104 96 95 99 
1930 98 99 91 102 96 95 112 95 107 96 
1940 101 95 103 104 100 93 105 103 102 105 
1950 100 87 90 108 99 105 120 96 97 97 
1960 106 112 94 100 108 90 



Table CS. State rainfall index (normal= 100) 

1952- 1953- 1954- 1955- 1956- 1957- 1958- 1959- 1960- 1961- 1962- 1963- 1964-
53 54 55 56 57 58 59 60 61 62 63 64 65 

Cereals , 

1. Assam 97 108 108 114 102 88 80 82 136 83 76 114 97 
2. West Bengal 96 111 83 91 115 98 86 95 89 88 78 88 94 
3. 0rissa 103 94 90 105 143 76 103 83 115 140 94 91 123 
4. Bihar 103 116 91 100 112 95 79 77 100 84 82 104 93 
5. Uttar Pradesh 92 119 93 137 134 85 110 80 123 122 101 106 103 
6. Punjab & Haryana 86 131 100 175 145 102 145 111 111 129 114 83 130 
7. Himachal Pradesh 93 136 93 114 117 123 121 102 102 101 96 131 94 
8. Jammu & Kashmir 102 116 79 167 137 172 100 88 114 104 82 162 102 
9. Rajasthan 113 101 101 124 148 90 114 124 81 136 94 81 109 

10. Madhya Pradesh 97 97 101 113 115 82 103 115 91 141 87 88 110 f-' 
co 11. Gujarat 87 131 164 78 134 75 113 176 76 135 77 97 134 co 

12 . Maharashtra 68 104 113 123 120 109 115 119 90 114 99 105 102 
13. Andhra Pradesh 63 108 115 114 132 117 115 121 104 116 116 103 124 
14. Tamil Nadu 70 106 102 93 115 100 83 81 136 102 110 116 110 
15 . Mysore 80 117 112 111 134 94 106 130 90 131 102 96 125 
16. Kerala 75 85 107 118 95 106 94 133 123 160 113 92 97 

Rice 
1. Assam 97 108 108 114 102 88 79 82 136 83 77 114 97 2. West Bengal 96 112 83 91 115 98 86 96 89 88 78 87 94 3. 0rissa 103 94 90 104 143 76 103 83 115 140 I 94 91 133 4. Bihar 103 117 91 98 110 95 80 77 100 85 82 102 93 5. Uttar Pradesh 94 126 86 127 111 88 100 73 113 108 111 115 108 6. Punjab & Haryana 88 124 105 108 104 107 145 133 104 136 138 91 154 7. Himachal Pradesh 76 121 127 110 99 107 120 113 93 87 109 94 89 8. Jammu & Kashmir 116 104 87 182 137 179 89 78 126 114 86 180 98 9. Rajasthan 121 97 99 122 134 95 120 120 84 136 97 88 108 10. Madhya Pradesh 106 104 100 103 120 86 103 107 88 136 74 87 106 11. Gujarat 84 126 167 81 129 73 108 162 75 128 73 101 134 12. Maharashtra 72 111 133 123 113 120 124 120 97 108 97 113 110 13. Andhra Pradesh 65 105 120 111 136 119 114 120 105 119 119 101 124 14. Tamil Nadu 70 104 101 92 116 102 83 83 135 100 107 120 110 15. Mysore 78 109 112 104 122 85 107 134 90 140 95 93 117 16. Kerala 74 85 107 118 95 106 94 133 122 159 113 93 97 



Table C6. Frequency distribution of state cereals rainfall index 

Coefficient of 
Frequency of Rainfall Index Within Class Intervala Variation Skewness Kurtosis 

< 80 < 90 < 100 < 110 < 120 > 120 (percent) 

North 
Jammu & Kashmir 23.53 11 . 76 16.48 15.30 12 . 93 20.00 24.37 - 0 . 03 -0.73 
Punjab & Haryana 25 . 00 15.91 18.18 9.09 7.96 23.86 23.34 0.38 -0.90 
Rajas than 19.24 20 . 51 14.10 11.54 14.09 20.52 22.91 0.10 - 0 . 74 
Ut tar Pradesh 13 . 19 13.18 18.68 28.58 13.18 18.19 18.80 -0.19 -0.03 
East 
Assam 4.40 15.38 32.97 30 . 77 13.18 3.30 11.38 0.01 -0.27 
Bihar 10.99 14.28 27.48 24.17 12.09 10.99 14 . 54 0.07 -0.73 
Orissa 15.38 13.19 25.28 21.97 9.89 14.29 15.90 0.10 - 0 . 92 I-' 
West Bengal 5.49 20.88 31.87 14.29 20.88 6.59 13.52 0.19 -0.87 CXl 

\.0 

West • 

Gujarat 16.89 14.28 15.59 16.89 11.69 24.66 21 . 48 0 -0.85 
Madhya Pradesh 14.28 13.19 21.98 23.08 20.87 6.60 17.13 0.06 0.20 
Maharashtra 15.38 19.78 17.59 20.88 15.38 10.99 19.52 0 -0.10 
South 
Andhra Pradesh 15.90 14.78 23.88 15.90 15.92 13.62 19.24 0.01 -0.59 Kerala 13.19 17.58 21.98 25.27 13.19 8.79 17.19 0.50 0.30 11ysore 7.69 19.78 23.08 27.47 12.09 9.89 15.47 0 0.51 Tamil Nadu 14.28 16.49 15.38 24.18 16.48 13.19 17.57 -0.13 -0.67 
All-India 3.30 13.18 28.57 43.96 7.69 3 . 30 10 . 31 -0.14 0.25 

aExtreme observations are omitted in computing the frequencies. Each row adds up to 100. 

, 



Table C7. Frequency distribution of state rice rainfall index 

Coefficient of 
Frequency of Rainfall Index Within Class Interval a Variation Skewness Kurtosis 

< 80 < 90 < 100 < 110 < 120 > 120 (percent) 

North 
Jammu & Kashmir 21.11 7.04 16.90 15.49 12.69 26 .77 24.64 -0. 23 -0.68 
Punjab & Haryana 28.57 11.90 10.71 21.43 8.33 19.06 24.88 0.11 -0.84 
Rajas than 18.42 23.69 11.84 13.16 11.84 21.05 22.49 0.19 -0. 87 
Uttar Pradesh 13.48 11.24 24.72 23.60 13.48 13.48 17.63 0.27 -0.01 
East 
Ass am 3.37 15.73 33.71 32.58 12.36 2.25 10.77 0 0.23 
Bihar 8.89 14.44 30.00 24.45 13.33 8.89 13.73 0.03 -0.60 
0rissa 15.91 14.77 26.14 21.59 10.23 11.36 15.63 0.16 - 0.85 
Wes t Bengal 5.56 24.44 31.11 12.22 21.11 5.56 13.64 0.27 -0.91 1--' 

\.0 

West 0 

Gujarat 16.46 16.46 10.13 18.99 10.12 27.84 22.33 -0. 06 -0. 78 
Madhya Pradesh 13.34 12.22 25.56 26.67 11.11 11.10 16.79 0 -0.18 
Maharashtra 12.37 13.48 20.22 24.71 17.98 11.24 16.67 - 0.02 -0.41 
South 
Andhra Pradesh 15.38 19.79 17.58 17.58 15.38 14.29 20.21 0.35 - 0 . 39 
Ker ala 13.19 17.58 21.98 26.36 12.09 8.80 17.14 I 0.51 0 . 39 
Mysore 8.79 19.78 27.48 17.58 17.58 8.79 15.81 0.59 0 .15 
Tamilnadu 14.29 16.48 21.98 20.88 13.19 13.18 17.84 0.16 0.52 
All-India - 10.00 42.22 41.11 6.67 - 7.66 - 0.03 0.38 

aExtreme observations are omitted in computing the frequencies . Each row adds up to 100. 
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Table CB . Relevan t var iables for analysis of rainfall effect on cr op outpu t a t nationa l level 

1949-50 
1950-51 
1951-52 
1952-53 
1953-54 
1954-55 
1955-56 
1956-57 
1957-58 
1958-59 
1959-60 
1960- 61 
1961-62 
1962-63 
1963-64 
1964- 65 

1949- 50 
1950-51 
1951-52 
1952-53 
1953-54 
1954-55 
1955-56 
1956-57 
1957-58 
1958-59 
1959-60 
1960-61 
1961-62 
1962-63 
1963-64 
1964- 65 

Rainfall 
Index 

(Normal=lOO)a 
(W) 

104.6 
99.7 
81.9 
88.2 

110.1 
101.6 
116.8 
126.2 

94.9 
104. 4 
103.3 
104. 6 
118. 0 

96. 6 
98.6 

109.7 

105.0 
100. 0 

87. 0 
90.0 

108. 0 
99.0 

105.0 
120.0 

96. 0 
97.0 
97.0 

106.0 
112.0 

94.0 
110. 0 
108. 0 

Price Index 
(1952-53=100)b 

93.0 
102.0 

99.0 
100.0 

84.0 
73.0 
92.0 

102.0 
105.0 
104.0 
105.0 
102 . 0 
106.0 
112 .0 
134.0 
145.0 

91.0 
104 . 0 
100.0 
102 .0 

86.0 
76.0 
93 .0 

104.0 
108.0 
102.0 
109.0 
105.0 
109.0 
122.0 
133.0 
135 .0 

aSource : Appendix Table C4 . 

Index of 
Areac 

(1949-50=100) 
(A) 

Cereals 

100.0 
99.4 
99.3 

104.5 
111.0 
109.1 
110.7 
111.4 
110.3 
114.7 
115.4 
116.7 
118.1 
118.8 
118. 2 
119.5 

Rice 

100. 0 
100.9 

97 .7 
98 .2 

102.5 
100.6 
103.1 
105.4 
105.5 
108.3 
110.4 
111.4 
113.5 
116.8 
116.7 
118.8 

Index of 
Productionc 

(1949-50=100) 
(X) 

100.0 
90.3 
91.2 

101.4 
120.1 
114.5 
114.9 
120.5 
110.1 
129.8 
128.9 
138.3 
143.1 
135.9 
141.4 
154 .4 

100.0 
87.9 
90.1 
96.8 

118.6 
105.8 
114.2 
120.4 
105.7 
127.6 
126.2 
137.7 
142 . 4 
132.6 
147. 0 
156. 2 

Index of 
Productionc 

(1949-50=100) 
(Y) 

100.0 
90.8 
91.8 
97.0 

108.2 
104.9 
103.8 
108.2 

99.8 
113.2 
111.7 
118.5 
121.2 
114.4 
119.6 
129.3 

100.0 
87.1 
92.2 
98.6 

115.7 
105.2 
110.8 
114.2 
100.2 
117.8 
114.3 
123.6 
125.5 
113.5 
126.0 
131. 5 

b . 
Gover nmen t of India (1967c) . Price index fo r 1949-50 refers to the calendar year average 

; of 1950 , and so on . 
CEstimat es of ar ea and product ion of princi pal cr ops i n India , 1968-69 (Summar y Tab l es) 

(Gover nment of India , 19696) . 

t--' 

'° t--' 
• 



Table C9. Effect of rainfall on cereals area, production and productivity 

Area(A) 

Production(X) 

Yield(Y) 

Equation 
Nt.nnber. 

(1) 

(2) 

(3) 

(1) 

(2) 

(3) 

(1) 

(2) 

(3) 

Constant 

89.14 

32.99 

1. 76 

55.92 

-63.47 

1.25 

68.66 

7.90 

1.49 

*Significant at 5 percent level. 

Estimated Coefficient of 
T W W 2 

t t 

1.30* 0.12 
(0.12) (0.05) 
1.23* 1.21 -0.0052 

(0.12) (0 . 65) (0.0031) 
0.0051* 

(0.0005) 
3.76* 0.35* 

(0.34) (0.13) 
3.59* 2.68 -0.0111 

(0.36) (1.94) (0.0092) 
0.0134* 

(0.0012) 
2.11* 0.23* 

(0.24) (0 . 09) 
2.02* 1.41 -0.0056 

(0.27) (1.44) (0.0068) 
0.0084* 

(0.0010) 

Figure in parentheses denotes standard error . 

Log W 
t 

0.12* 
(0.04) 

0.36* 
(0.12) 

0.24* 
(0.09) 

R2 D-Statistic 

0.93 1.04 

0.94 0.99 

0.92 0.98 

0 . 93 1.32 

0.94 1.53 
I---' 

0.93 1.20 \.0 
N 

0.89 1.46 

0.90 1.63 

0.90 1.45 



Table Cl0. Effect of rainfall on rice area, production and productivity 

Area(A) 

Production(X) 

Yield(Y) 

Equation 
Number 

(1) 

(2) 

(3) 

(1) 

(2) 

(3) 

(1) 

(2) 

(3) 

Constant 

90.90 

38.93 

1.87 

28.29 

-138.16 

0.83 

40.72 

-72.48 

0.96 

*Significant at 5 percent level. 

Estimated Coefficient of 
T W W 2 

t t 

1.41* 0.05 
(0.09) (0.05) 
1.37* 1.06 -0.0049 

(0 .10) (0.95) (0.0045) 
0.0057* 

(0.0004) 
3.87* 0.60* 

(0.38) (0.19) 
3.77* 3.86 -0.1557 

(0.40) (3.91) (0.0189) 
0.0141* 

(0.0014) 
2.14* 0.53* 

(0.35) (0 .18) 
2.07* 2.74 -0.0107 

(0.38) (3.72) (0.0179) 
0.0085* 

(0.0015) 

Figure in parentheses denotes standard error. 

Log Wt 

0.06 
(0.04) 

0.56* 
(0.17) 

0.50* 
(0.18) 

R2 D-Statistic 

0.96 1.23 

0.96 1.11 

0.96 1.29 

0.92 1.89 

0.93 1.99 

0.92 1.82 I-' 

'° w 

0.83 1.71 • 

0.84 1.79 

0.82 1.59 



Table Cll. Production fluctuations around the trend: estimated equations with lagged variablesa 

Equation 
No. 

1. 

2. 

3. 

4. 

5. 

6. 

7 . 

1. 

2 . 

3. 

4 . 

5. 

6 . 

7 . 

Estimated Coefficient 

Constant wr,t Pr,t-1 

of (log_arithm of 
w 

r t-1 

1.2024 0.4065* 
(0.0953) 

1.6660 0.3545* 
(0.0894) 

1.9147 0.4093* 
(0.0870) 

0.8226 0.4225* 
(0.0929) 

1.2886 0.3707* 
(0.0850) 

1.5394 0.4201* 
(0.0879) 

1 . 3281 0.4202* 
(0.0907) 

0.7864 

1.6468 

1 . 5555 

0.5253 

1.4117 

1.5377 

1.5705 

0.6149* 
(0 .1452) 
0.5904* 

(0.1316) 
0.6012* 

(0.1215) 
0.6116* 

(0.1480) 
0.4999* 

(0.1343) 
0.6011* 

(0.1274) 
0.5905* 

(0.1194) 

0.1730 
(0.1258) 
0.1695 

(0.1103) 
0.1210 

(0.1242) 
0.1255 

(0.1291) 

0.1331 
(0.1768) 
0.1111 

(0 .1501) 
0.0066 

(0.1626) 
0.0137 

(0.1494) 

' 
(cereals) 

-0.1799* 
(0.0808) 

, 

-0.1779* 
(0.0857) 

(rice) 

-0.3153* 
(0.1308) 

-0. 3090* 
(0.1338) 

the variables) 
y X 
r,t-1 r,t-1 

- 0 . 3580 
(0.1939) 

-0.3029 
(0.2024) 

-0.3695* 
(0.1486) 

-0.3671* 
(0.1665) 

-0.2017 
(0.1692) 

-0.3791* 
(0.1436) 

R2 

0.60 

o. 72 

0. 70 

0.66 

0.76 

0. 72 

0.70 

0.60 

0.74 

0.7.4 

0.62 

0.75 

0.74 

aAll equations are in double logarithmic form. Dependent variable is log X 
r,t 

*Signif i ~ant at 5 percent level. 

Figur e in parenthesis denotes the standard error. 

D-Statistic 

1.79 

2.28 

1.48 

1.68 

1.84 

1.33 

1.38 

2.42 

2.70 

1.98 

2.45 

2.64 

1.98 

I--' 
\D 
~ 
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Table Dl. Standard deviations of the estimates given in Table 22 (Rs . million) 

Scheme-A Scheme-B Scheme-C 
M1=S . 0 
M

2
=0.0 

M1=7 . 0 
M2=0.0 

M
1

=9.0 
M

2
=0.0 

M
1
;:::ll . 0 

M2=0 . 0 
M

1
=S.O 

M
2
=0 . 0 

M
1
=7.0 

M
2
=0.0 

M1=9 . 0 
M

2
=0 . 0 

M
1

=11 . 0 
M2=0 . 0 

M1=S . O 
M2=2 . 0 

M
1

=7.0 
M2=2.S 

M
1

=9 . 0 
M2=3 . 0 

M
1

=11 . 0 
M

2
=3.S 

Imports - - ' - - 39 25 14 8 55 43 31 22 
Exports - - - - 52 52 52 52 56 53 52 52 
6 Farm Inc. 75 101 124 138 269 269 269 269 269 269 269 269 

(A) Fin. Ben . a 36 49 59 65 37 51 62 69 24 34 44 54 
Fin. Ben.b 42 58 71 79 42 58 61 79 26 38 so 62 

C 37 49 58 64 37 49 59 65 24 34 43 51 Fin. Ben.cl 
Fin . Ben. 35 47 57 63 35 47 57 63 23 32 41 so 
Imports - - - - 30 17 9 4 46 34 23 15 
Exports - - - - 47 47 47 47 49 47 47 47 
I:::. Farm Inc. 79 105 122 130 244 244 244 244 244 244 244 244 

(B) Fin. Ben . : 38 50 58 62 40 52 61 65 25 36 46 55 
Fin . Ben . 46 61 71 76 45 61 71 76 27 41 53 64 
Fin. Ben . ~ 38 49 57 61 38 so 57 61 25 35 44 52 
Fin. Ben . 37 48 56 60 37 48 56 60 23 33 43 51 

I-' 

23 12 5 2 38 26 17 10 
\0 

Imports - - - - °' Exports - - - - 43 43 43 43 44 43 43 43 
t::. Farm Inc. 82 104 115 120 221 221 221 221 221 221 221 221 

(C) Fin . Ben . : 39 49 54 56 41 52 58 60 26 38 47 54 
Fin. Ben. 48 62 69 71 48 62 69 71 30 44 56 64 

C 39 49 54 56 39 49 54 56 26 36 45 51 Fin . Ben.cl 
Ejn . Ben . 38 48 53 56 38 49 54 56 24 35 44 so 
Imports - - - - 16 7 3 1 31 19 11 6 
Exports - - - - 39 39 39 39 40 39 38 39 
I:::. Farm Inc. 84 100 107 109 200 200 200 200 200 200 200 200 

(D) Fin . Ben . ~ 40 47 so 51 42 50 54 55 28 39 47 52 
Fin . Ben . 51 61 65 66 51 61 65 66 33 47 57 62 
Fin. Ben.~ 40 47 50 51 40 48 51 52 27 37 45 49 
Fin . Ben . 40 47 50 51 39 47 50 52 26 37 44 48 

aFinancial benefits corresponding to the four sets of values of P. +C and P. +c given in Table 19 . 
b it 1 it 2 
Financial benefits corresponding to the four sets of values of Pit+cl and Pit+c

2 
given in Table 19 . 

cFinancial benefits corresponding to the four sets of values of Pit+cl and Pit+c
2 

given in Table 19. 

dFinancial benefits corresponding to the four sets of values of Pit+c
1 

and Pit+c
2 

given in Table 19. 



Table D2 . Standar d deviations of the estimates given in Table 23 (Rs . million) 

Scheme-A Scheme- B Scheme-C 
M1=2 . 0 
M2=0 . 0 

M1=3.0 
M2=0 . 0 

M1=4 . 0 
M

2
=0 . 0 

M1=5 . 0 
M

2
=0 . 0 

M1=2 . 0 
M

2
=0 . 0 

M1=3.0 
M

2
=0 . 0 

M
1

=4 . 0 
M2=0 . 0 

M1=5 . 0 
M2=0 . 0 

M
1

=2 . 0 
M2=0 . 5 

M
1

=3 . 0 
M

2
=1 . 0 

M
1

=4 . 0 
M2=1 . 5 

M1=5 . 0 
M

2
=2 . 0 

Imports - - - - 14 6 2 Neg . 20 14 10 6 
Exports - - - - 30 30 30 30 31 30 30 30 
b. Farm Inc . 24 29 31 32 53 53 53 53 53 53 53 53 

a 
18 22 24 24 19 24 25 26 16 19 22 24 (A) Fin. Ben . b 
22 28 29 30 22 28 29 30 18 22 25 28 Fin . Ben .c 
18 22 23 24 18 22 23 24 15 18 20 22 Fin. Ben .d 
18 22 23 24 18 22 23 24 14 18 20 22 Fin . Ben. 

Imports - - - - 5 1 0 0 8 5 2 1 
Exports - - - - 20 20 20 20 21 20 20 20 
b. Farm Inc. 20 22 22 22 36 36 36 36 36 36 36 36 a 

16 17 17 17 17 18 18 18 15 17 18 18 ( B) Fin . Ben . b 
20 21 22 22 20 21 22 22 17 20 21 21 Fin . Ben . c 
15 17 17 17 15 17 17 17 14 15 16 17 Fin . Ben .d 

Fin. Ben. 15 17 17 17 15 17 17 17 14 15 16 17 ~ 
\0 ......, Imports 1 0 0 0 2 1 0 0 • 

- - - -
Exports - - - - 11 11 11 11 11 11 11 11 b. Farm Inc . 13 13 13 13 19 19 19 19 19 19 19 19 a 

10 10 10 10 11 11 11 11 10 10 11 11 
(C) Fin. Ben .b 

Fin . Ben . 13 13 13 13 13 13 13 13 12 13 13 13 . C 
10 10 10 10 10 10 10 10 9 10 10 10 

Fin . Ben.d 
Ein . . Ben. 10 10 10 10 10 10 10 10 10 10 10 10 
Imports - - - - 0 0 0 0 0 0 0 0 Exports - - - - 5 5 5 5 5 5 5 5 t- Farm Inc . 6 6 6 6 9 9 9 9 9 9 9 9 

(D) Fin . Ben . ~ 5 5 5 5 5 5 5 5 5 5 5 5 Fin . Ben . 6 6 6 6 6 6 6 6 6 6 6 6 Fin . Ben.~ 5 5 5 5 5 5 5 5 5 5 5 5 Fin . Ben . 5 5 5 5 5 5 5 5 5 5 5 5 

aFinancial benefits corresponding to the four sets of values of P +c and P +C given in Table 19 
b it 1 it 2 · 
Financial benefits corresponding to the four sets of values of P. +C and P. +C given in Table 19. 

C l.t 1 1t 2 
Financial benefits corresponding to the four sets of values of P. +C and p +C given in Table 19 . 

d 1.t 1 it 2 
Financ ial benefits corresponding to the fou r sets of values of Pit+cl and Pit+c

2 
given in Table 19. 



Table D3 . Expected present values of storage benefits for cereals (Rs. million) : stabilization around P=Rs . 750 per tona 

(A) 

Initial Inv. 
Imports 
Exports 
o Farm Inc. 

Fin . Ben.b 
Fin. Ben.~ 
Fi n. Ben . 
Fin . Ben . e 

Imports 
Exports 
l Farm Inc . 

(B) Fin. Ben . b 
Fin . Ben . ~ 
Fin . Ben . 
Fin . Ben.e 

Imports 
Exports 
6 Farm Inc . 

(C) Fin . Ben . b 
Fin. Ben.~ 
Fin . Ben. 
Ein . Ben.e 

(D) 

Imports 
Exports 
_ Farm Inc . 

Fin. Ben . b 
Fin. Ben.~ 
Fin. Ben. 
Fin. Ben.e 

Scheme-A 
M1=5.0 M1=7 . 0 M1=9 . 0 M

1
=11 . 0 M

1
=5 . 0 

M2=0.0 M2=0.0 M2=0 .0 M
2
= 0 . 0 M

2
=0 . 0 

-4,500 

-2,890 

895 
2, 241 

774 
1 , 062 

-2,814 

1 , 018 
2,140 

955 
1,170 

-2,651 

1,058 
1,973 
1,037 
1,191 

-2,399 

1 , 020 
1,750 
1,027 
1 , 133 

-6,300 

-3,733 

1 , 258 
2,727 
1,097 
1,398 

-3,461 

1,307 
2,516 
1,221 
1 , 442 

-3,097 

1,262 
2,234 
1,230 
1,385 

-2 , 670 

1,146 
1,909 
1,147 
1,254 

-8,100 

-4,190 

1,465 
2,985 
1 , 287 
1,591 

-3,740 

1,436 
2, 675 
1,342 
1,563 

-3,245 

1,331 
2 , 319 
1,295 
1,451 

- 2,732 

1,175 
1,946 
1,175 
1,282 

- 9 , 900 

- 4 , 371 

1,549 
3,087 
1 , 365 
1,669 

-3 , 831 

1 , 478 
2,727 
1,382 
1,603 

- 3 , 284 

1 , 349 
2 , 342 
1,312 
1,468 

-2,750 

1,183 
1,957 
1,183 
1,289 

- 4 , 500 
-776 

1,744 
1 , 145 

1,201 
2,161 

694 
982 

-477 
1,444 

976 

1,269 
2,087 

903 
1,117 

-275 
. 1 , 207 

851 

1,259 
1 , 939 
1,003 
1,157 

- 147 
1,001 

727 

1 , 178 
1,728 
1,006 
1,111 

Scheme-B 
M

1
=7 . 0 M

1
=9 . 0 

M
2

=0 . 0 M
2
=0 . 0 

- 6,300 
-300 

1,630 
1,145 

1,611 
2,679 
1 , 048 
1,350 

- 158 
1,392 

976 

1,589 
2, 483 
1,188 
1 , 409 

-77 
1,188 

851 

1 , 481 
2,210 
1,206 
1 , 362 

-32 
994 
727 

1 , 313 
1,894 
1 , 132 
1 , 238 

-8,100 
-104 

1,614 
1,145 

1,835 
2 , 947 
1 , 249 
1,553 

-47 
1 , 389 

976 

1 , 727 
2, 647 
1 , 314 
1,535 

-19 
1,187 

851 

1 , 555 
2,299 
1,275 
1 , 430 

- 8 
994 
727 

1 , 344 
1,931 
1 , 161 
1 , 267 

M
1

=11 . 0 
M2=0.0 

-9,900 
-33 

1 , 612 
1 , 145 

1 , 924 
3,052 
1 , 330 
1,634 

-12 
1 , 388 

976 

1 , 771 
2,700 
1,355 
1,576 

-4 
1,187 

851 

1 , 574 
2,321 
1,292 
1 , 448 

-1 
994 
727 

1,353 
1,942 
1,169 
1,275 

M1=5 . 0 
M

2
=2.0 

-4 , 500 
- 1 , 767 

2 , 167 
1,145 

678 
1 ,415 

289 
527 

-1 , 222 
1,703 

976 

768 
1,409 

480 
664 

-821 
1,359 

851 

822 
1 , 365 

617 
752 

-521 
1 , 081 

727 

833 
1,285 

691 
787 

Scheme- C 
M1=7 . ~ M1=9.0 
M2=2 . .) M2=3.0 

-6,300 
-963 

1 , 809 
1 , 145 

1 , 075 
1,993 

591 
872 

- 616 
1 , 483 

976 

1,158 
1,943 

806 
1 , 016 

- 369 
1 , 225 

851 

1 , 170 
1,826 

922 
1 , 074 

-204 
1 , 008 

727 

1 , 115 
1,650 

947 
1,052 

-8 , 100 
-490 

1,663 
1,145 

1 , 426 
2 , 451 

886 
1 , 184 

- 280 
1 , 406 

976 

1 , 456 
2 , 321 
1 , 068 
1,287 

-148 
1,192 

851 

1 , 396 
2,108 
1,128 
1 , 283 

-71 
I 995 
727 

1 , 265 
1,835 
1 , 087 
1 , 193 

M1=11 . 0 
M2=3 . 5 

-9,900 
-233 

1,621 
1 , 145 

1,682 
2 , 765 
1 , 111 
1,414 

- 117 
1,390 

976 

1,638 
2, 542 
1 , 233 
1,454 

-54 
1,188 

851 

1 , 511 
2 , 246 
1 , 234 
1,390 

- 22 
994 
727 

1 , 326 
1 , 909 
1 , 143 
1,250 

per 
aStorage rules aimed at limiting price fluctuations at 2 , 3,4, and 5 percent of the desired mean price P =Rs . 750 

ton are denoted by (A), (B), (C), and (D), respectively . For standard deviations of the estimates , see Appendix Table D4 . 

--- - ---- - ----

bFinancial benefits corresponding to the four sets of values of P. +c
1 

and P. +c
2 

given in Table 19. 
it it 

cFinancial benefits corresponding to the four sets of values of Pit+cl and Pit+c
2 

given in Table 19. 

dFinancial benefits corresponding to the four sets of values of Pit+cl and Pit+c
2 

given in Table 19 . 

efinancial benefits corresponding to the four sets of values of P. +c
1 

and P. +c
2 

given in Table .19. 
it it 

..... 
\0 
CX) 



Table D4 . Standard deviations of the estimates given in Appendix Table D3 (Rs . million) 

Scheme-A Scheme- B Scheme- C 

M1=5 . 0 M1=7 .0 M1=9 . 0 M1=11 . 0 M1=5 . 0 M1=7 . 0 M1=9 . 0 M
1

=11 . 0 M1=5 . 0 M
1

=7 . 0 M1=9 . 0 M
1

=11 . 0 

M2=0 . 0 M2=0.0 M2=0 . 0 M2=0 . 0 M2=0 . 0 M2=0 . 0 M2=0 . 0 M
2
=0 . 0 M

2
=2 . 0 M

2
=2 . 5 M2=3 . 0 M2=3 . 5 

Imports - - - - 39 25 14 8 55 43 31 22 
52 52 52 52 56 53 52 52 Exports - - - -

6 Far m Inc . 70 95 116 129 252 252 252 252 252 252 252 252 

(A) Fin . Ben .: 35 46 55 61 35 48 58 65 23 32 42 51 

40 55 67 75 40 55 68 75 25 36 48 58 Fin . Ben . 
Fin . Ben .~ 35 46 55 60 35 46 55 61 23 32 41 49 

33 44 53 59 33 44 53 59 21 30 39 47 Fin . Ben . 

Imports - - - - 30 17 9 4 46 34 23 15 
Exports - - - - 47 47 47 47 49 47 47 47 
b. Farm Inc . 74 98 114 122 228 228 228 228 228 228 228 228 

(B) Fin . Ben .: 36 47 54 58 37 49 57 61 23 34 43 52 
43 58 67 72 43 58 68 72 26 39 50 61 Fin. Ben . 

Fin . Ben .~ 36 46 53 57 36 47 54 57 24 33 42 49 
Fin. Ben. 34 45 52 56 35 45 53 56 22 31 40 48 

I--' 
\.0 

Imports - - - - 23 12 5 2 38 26 17 10 \.0 
• 

Exports - - - - 43 43 43 43 44 43 43 43 
b. Farm Inc. 77 98 108 112 208 208 208 208 208 208 208 208 

(C) Fin. Ben .: 37 46 51 53 39 49 54 56 25 35 44 51 
Fin . Ben . 46 59 65 67 46 59 65 68 28 42 53 61 
Fin. Ben .~ 37 46 so 52 37 46 51 53 24 34 42 48 
Ein . Ben . 36 45 so 52 36 45 50 52 23 33 41 47 

Imports - - - - 16 7 3 1 31 19 11 6 
Exports - - - - 39 39 39 39 40 39 39 39 
6. Farm Inc. 79 94 100 102 187 187 187 187 187 187 187 187 

(D) Fin . Ben .: 37 44 47 48 39 47 so 51 26 37 44 48 
Fin . Ben. 48 58 61 63 48 58 62 63 31 44 54 59 
Fin. Ben .~ 37 44 47 48 37 45 47 48 25 35 42 45 
Fin . Ben . 37 44 47 48 37 44 47 48 25 34 41 45 

aFinancial benefits corresponding to the four sets of values of P. +c and P. +c given in Table 19 
b it 1 it 2 · 
Financial benefits corresponding to the four sets of values of P. +c and P. +c given in Table 19 

c it 1 it 2 · 
Financial benefits corresponding to the four sets of values of P. +C and P. +C given in Table 19 

d it 1 it 2 · 
Financial benefits corresponding to the four sets of values of P. +c and P. +C given in Table 19 

, t- l it 2 . 

, 



Table DS . Expected present values o~ storage benefits for cer eals (Rs . million) : - a stabilization around P=Rs . 850 per ton 

(A) 

Initial Inv . 
Imports 
Exports 
t:. Farm Inc. 

Fin . Ben . b 
Fin. Ben.~ 
Fin. Ben. 
Fin . Ben.e 

Imports 
Exports 
;.; Farm Inc. 

(B) Fin. Ben . b 
Fin. Ben . ~ 
Fin . Ben . 
Fin . Ben .e 

Imports 
Exports 
t,. Farm Inc . 

(C) Fin . b 
Ben . c 

(D) 

Fin . 
Fin . 
Ein. 

Ben . d 
Ben . 

e Ben . 

Imports 
Exports 
.:. Farm Inc. 

Fin. Ben.b 
Fin. B1:n. ~ 
Fin. Ben . 
Fin. Ben.e 

Scheme-A 
M

1
=5 .0 M1=7 . 0 M

1
=9 . 0 M1=11 . 0 M

1
=5 . 0 

M2 O~~ ~ 2=0 . 0 M,..=0 . 0 M,..=0.0 M,..=0.0 

-5,000 

-3,275 

1 , 163 
2,493 
1,026 
1 , 314 

- 3,190 

1 , 267 
2, 381 
1,197 
1 ,411 

-7 , 000 

-4,231 

1 , 585 
3, 032 
1,402 
1,704 

-3,923 

1,601 
2,799 
1,504 
1,725 

-9 , 000 

4,748 

1,823 
3 , 319 
1 , 621 
1 , 924 

- 4,239 

1,748 
2,975 
1 , 642 
1,863 

- 3,005 - 3,510 - 3 , 678 

1 , 283 
2, 196 
1,260 
1 , 413 

-2,719 

1,217 
1,947 
1,225 
1,330 

1,518 
2,485 
1 , 481 
1,637 

-3,026 

1 , 361 
2,124 
1 , 362 
1,469 

1,597 
2, 580 
1,556 
1,712 

-3,096 

1,394 
2 , 165 
1 , 394 
1,500 

-11 , 000 

-4,954 

1,918 
3 , 432 
1,710 
2,014 

- 4,342 

1,796 
3, 033 
1,688 
1 , 909 

- 3,722 

1 , 617 
2 , 605 
1,575 
1,731 

- 3,116 

1 , 403 
2,176 
1 , 403 
1 , 510 

-5,000 
- 776 

1,744 
1 , 297 

1,463 
2 , 403 

936 
1,224 

- 477 
1,444 
1,106 

1,515 
2,322 
1,137 
1,351 

- 275 
1 , 207 

964 

1,482 
2,157 
1,221 
1,375 

-147 
1 , 001 

824 

1,372 
1,922 
1 , 200 
1 , 305 

Scheme-B 
M1=7 . 0 M1=9.0 
M,..=0 . 0 M,..=0.0 

-7 , 000 
-300 

1 , 630 
1 , 297 

1,933 
2,978 
1 , 347 
1,649 

-158 
1 , 392 
1 , 106 

1,879 
2,760 
1 , 466 
1 , 687 

- 77 
1 , 188 

964 

1 , 734 
2,459 
1,455 
1,610 

-32 
994 
824 

1,526 
2 , 107 
1,345 
1 , 451 

-9 , 000 
-104 

1 , 613 
1,297 

2,188 
3 , 276 
1 , 578 
1,882 

-47 
1,389 
1 , 106 

2, 035 
2,943 
1,610 
1,831 

- 19 
1,187 

964 

1,818 
2 , 557 
1 , 532 
1,688 

- 8 
994 
824 

1,561 
2,148 
1 , 378 
1,484 

M
1

=11.0 M
1

=5 . 0 
M,..=0 . 0 M,..=2 . 0 

-11,000 
-33 

1,612 
1 , 297 

2, 289 
3 , 392 
1 , 670 
1 , 974 

-12 
1,389 
1 , 106 

2,086 
3 , 002 
1 , 657 
1,878 

- 4 
1,187 

964 

1,839 
2,582 
1,553 
1,709 

-1 
994 
824 

1 , 571 
2,160 
1,387 
1,493 

-5 , 000 
-1 , 767 

2 , 167 
1,297 

853 
1 , 574 

448 
686 

- 1 , 222 
1 , 703 
1 , 106 

935 
1 , 568 

639 
823 

- 821 
1,359 

964 

979 
1 , 519 

771 
906 

- 521 
1 , 081 

824 

978 
1,430 

836 
932 

Scheme- C 
M1=7 . 0 M

1
=9 . 0 

M,..=2.5 M,..=3 . 0 

-7,000 
- 963 

1,809 
1,297 

1,319 
2 , 217 

814 
1,095 

-616 
1 , 483 
1 , 106 

1 , 387 
2,161 
1,024 
1 , 234 

- 369 
1,225 

964 

1 , 380 
2 , 032 
1 , 128 
1,279 

-204 
1 , 008 

824 

1,300 
1,836 
1,133 
1,238 

-9,000 
-490 

1,663 
1,297 

1,722 
2,725 
1 , 160 
1 , 457 

- 280 
1,406 
1 , 106 

1,728 
2,581 
1 , 328 
1 , 548 

-148 
1 , 192 

964 

1,637 
2,344 
1 , 365 
1,520 

- 71 
995 
824 

1,471 
2,041 
1,293 
1,399 

M1=11.0 
M,..=3 5 

-11,000 
-233 

1,621 
1,297 

2 , 014 
3,073 
1,420 
1 , 723 

-117 
1,390 
1,106 

1 , 935 
2, 826 
1 , 517 
1 , 738 

- 54 
1 , 188 

964 

1 , 768 
2, 498 
1 ,486 
1 , 642 

-22 
994 
824 

1 , 540 
2 , 123 
1 , 358 
1 , 464 

aStorage rules aimed at limiting price fluctuation at 2,3 , 4, and 5 percent of the desired mean price P =Rs . 850 
ton are denoted by (A), (B), (C) and (D), respectively . For standard deviations of the estimates , see Appendix Table D6 . per 

bFinancial benefits corresponding to the four sets of values of 
CF. . 1 1nanc1a 
dF. ' 1 1nanc1a 

benefits corresponding to the four sets of values of 

benefits corresponding to the four sets of values of 

eFinancial benefits corresponding to the four sets of values of 

P. +c1 lt 

P it+cl 

pit+Cl 

Pit +cl 

and pit +c2 

and Pit+c2 
and 

and 
pit+C2 

pit +c2 

given in Table 19. 

given in Table 19. 

given in Table 19 . 

given in Table 19 . 

N 
0 
0 



Table D6 . Standard deviations of the estimates given in Appendix Tabl e D5 . 

Scheme- A Scheme- B Scheme-C 
M1=5 . 0 
M

2
=0 . 0 

M1=7.0 
M2=0 . 0 

M1=9 . 0 
112=0 . 0 

M
1

=11.0 
M

2
=0 . 0 

M
1

=5 . 0 
M2=0 . 0 

M1=7.0 
M

2
=0 . 0 

M
1

=9 . 0 
M2=0 . 0 

M
1

=11.0 
M

2
=0 . 0 

M
1

=5 . 0 
M2=2 . 0 

M
1

=7 . 0 
M2=2 . 5 

M
1

=9 . 0 
M2=3 .0 

M
1

=11.0 
M

2
=3 . 5 

Imports - - - - 39 25 14 8 55 43 31 22 
Exports - - - - 52 52 52 52 56 53 52 52 
l::i Farm Inc . 79 108 132 147 286 286 286 286 286 286 286 286 

(A) Fin. Ben .: 38 52 63 69 40 54 66 73 25 36 47 57 
45 61 75 83 44 61 75 84 28 40 53 65 Fin. Ben. 

Fin. Ben .~ 39 51 62 68 39 52 62 69 26 36 45 54 
37 50 60 67 37 50 61 67 24 34 44 53 Fin. Ben . 

Imports - - - - 30 17 9 4 46 34 23 15 
Exports - - - - 47 47 47 47 49 47 47 47 
l::i Farm Inc . 84 111 129 138 259 259 259 259 259 259 259 259 

(B) Fin . Ben .: 40 53 61 65 42 55 65 69 26 38 49 58 
48 64 75 80 48 64 75 80 29 43 56 67 Fin. Ben . 

Fin . Ben.~ 40 52 60 64 41 53 61 65 26 37 47 55 
39 51 60 64 39 51 60 64 24 35 45 54 Fin . Ben. 

N 
0 Imports - - - - 23 12 5 2 38 26 17 10 I-' 

Exports - - - - 43 43 43 43 44 43 43 43 
l::i Farm Inc. 87 111 122 127 235 235 235 235 235 235 235 235 

(C) Fin. Ben.: 41 52 58 60 43 55 61 64 28 40 50 57 
Fin . Ben. 51 65 72 75 51 65 72 75 31 46 59 68 C 

41 52 57 60 42 52 58 60 27 38 48 54 Fin. Ben.a 
Ein . Ben . 41 52 57 59 41 52 57 59 26 37 47 54 
Imports - - - - 16 7 3 1 31 19 11 6 
Exports - - - - 39 39 39 39 40 39 39 39 
t:.. 1"arm Inc. 89 107 113 116 212 212 212 212 212 212 212 212 

(D) Fin. Ben .: 42 50 54 55 45 54 57 58 30 41 50 55 
Fin . Ben . 53 64 68 70 53 64 68 70 34 49 60 66 Fin . Ben . c 42 51 54 55 42 51 54 55 29 40 47 52 Fin. Ben . cl 42 51 54 55 42 51 54 55 28 39 47 52 

a 
Financial benefits corresponding to the four sets of values of P. +c and P. +c given in Table 19 . b it 1 it 2 
Financial benefits corresponding to the four sets of values of P. +C and P. +C given in Table 19. c it 1 it 2 
Financial benefits corresponding to the four sets of values of P. +C and P. +C given in Table 19 . d it 1 it 2 
Financial benefits corresponding to the four sets of values of P +C and p +C given in Table 19. it 1 it 2 

' 



Table D7 . Expected present values of storage benefits for rice (Rs . million) stabilization around P=Rs. 800 per tona 

(A) 

(B) 

(C) 

Initial Inv. 
Imports 
Exports 
b. Farm Inc. 

Fin . Ben.b 
Fin. Ben . ~ 
Fin. Ben . 
Fin. Ben.e 

Imports 
Exports 
t:; Farm Inc . 

Fin. Ben . b 
Fin. Ben . ~ 
Fin. Ben. 
Fin . Ben . e 

Imports 
Exports 
6 Farm Inc . 

Fin . Ben . b 
Fin . Ben . ~ 
Fin . Ben. 
Ein . Ben . e 

Imports 
Exports 

Farm Inc . 

M
1

=2 . 0 
M2=0.0 

-1,900 

-615 

410 
629 
383 
416 

-208 

218 
298 
212 
219 

-105 

80 
105 

79 
80 

Scheme-A 
M

1
=3.0 M

1
=4.0 M

1
=5.0 M

1
=2.0 

M2=0.0 M2=0 . 0 M2=0 . 0 M2=0 . 0 

-2,850 

-701 

475 
711 
444 
478 

-314 

230 
313 
223 
230 

-106 

81 
106 

80 
81 

-3,800 

-723 

491 
731 
460 
494 

-315 

231 
315 
224 
231 

- 106 

81 
106 

80 
81 

-4,750 

- 728 

495 
735 
464 
497 

-315 

231 
315 
224 
231 

-106 

81 
106 
80 
81 

-1,900 
-126 

699 
109 

466 
625 
380 
413 

- 18 
283 

31 

238 
298 
211 
218 

- 1 
85 
- 2 

86 
105 

79 
80 

0 
19 

Scheme-B 
M

1
=3.0 M

1
=4 . 0 

M2=0.0 M2=0 . 0 
M

1
=5 . 0 M

1
=2 . 0 

M2=0.0 M2=0.5 

Scheme- C 
M1=3.0 M1=4.0 M1=5 . 0 
M2=1.0 M2=1 . 5 M2=2 . 0 

-2 , 850 -3,800 - 4,750 -1,900 -2,850 -3 , 800 -4,750 
- 28 
688 
109 

536 
709 
442 
476 

-1 
282 

31 

251 
313 
223 
231 

0 
85 
- 2 

87 
106 

80 
81 

0 
19 

0 

- 5 0 
686 686 
109 109 

554 558 
729 734 
458 462 
492 496 

0 0 
282 282 

31 31 

252 252 
314 314 
224 224 
231 231 

0 
85 
-2 

87 
106 

80 
81 

0 
19 

0 

0 
85 
- 2 

87 
106 

80 
81 

0 
19 

0 

-250 
728 
109 

394 
536 
316 
34 7 

- 44 
286 

31 

220 
275 
194 
201 

-6 
85 
-2 

82 
100 

75 
76 

Neg . 
19 

0 

-126 
699 
109 

466 
625 
380 
413 

- 18 
283 

31 

238 
298 
211 
218 

- 1 
85 
- 2 

86 
105 

79 
80 

0 
19 

0 

-60 
691 
109 

512 
680 
421 
454 

- 6 
282 

31 

248 
309 
220 
227 

0 
85 
- 2 

87 
106 

80 
81 

0 
19 

0 

-28 
688 
109 

536 
709 
442 
476 

- 1 
282 

31 

251 
313 
223 
230 

0 
85 
- 2 

87 
106 

80 
81 

0 
19 

0 

(D) Fin. Ben . b 
Fin. Ben . ~ 
Fin. Ben. 
Fin. Ben.e 

-23 

18 
23 
18 
18 

-23 

18 
23 
18 
18 

-23 

18 
23 
18 
18 

-23 

18 
23 
18 
18 

19 
23 
18 
18 

19 
23 
18 
18 

19 
23 
18 
18 

19 
23 
18 
18 

19 
23 
18 
18 

19 
23 
18 
18 

19 
23 
18 
18 

19 
23 
18 
18 

per 
aStorage rules aimed at limiting price fluctuations at 2,3,4, and 5 percent of the desired mean price P=Rs. 800 

ton are denoted by (A), (B), (C), and (D), respectively . For standard deviations of the estimates, see Appendix Table D8 . 

bFinancial benefits corresponding to the four sets of values of P. +c
1 

and P. +c
2 

given in Table 19. 
it it 

cFinancial benefits corresponding to the four sets of values of P. +c
1 

and P. +c
2 

given in Table 19. 
d it it 
Financial benefits corresponding to the four sets of values of Pit+c

1 
and Pit+c

2 
eFinancial benefits corresponding to the four sets of values of Pit+cl and Pit+c

2 
given in Table 

given in Table 19. 

19. 

N 
0 
N 



Table D8. Standard deviations of the estimates given in Appendix Table D7 (Rs . million) 

Scheme-A Scheme-B Scheme- C 
M

1
=2.0 

M2=0 . 0 
M1=3.0 
M

2
=0.0 

M1=4 . 0 
M

2
=0 . 0 

M1=5 . 0 
M2=0 . 0 

M
1
=2.0 

M2=0.0 
M

1
=3 .0 

M
2
=0 . 0 

M
1

=4.0 
M2=0 . 0 

M1=5.0 
M2=0 . 0 

M1=2 . 0 
M

2
=0.5 

M1=3.0 
M

2
=1.0 

M1=4 . 0 
M

2
=1.5 

M1=5 . 0 
M2=2 . 0 

Imports - - - - 14 6 2 Neg. 20 14 10 6 
Exports - - - - 30 30 30 30 31 30 30 30 
6 Farm Inc . 22 27 29 30 50 50 50 50 50 50 50 50 

(A) Fin. Ben .: 17 21 22 23 18 22 24 24 15 18 21 22 
21 26 28 29 21 26 28 29 17 21 24 26 Fin . Ben . 

Fin. Ben .~ 17 20 22 22 17 20 22 22 14 17 19 20 
17 20 22 22 17 20 22 22 14 17 19 20 Fin. Ben. 

Imports - - - - 5 1 Neg. 0 8 5 2 1 
Exports - - - - 20 20 20 20 21 20 20 20 
6 Farm Inc . 19 21 21 21 33 33 33 33 33 33 33 33 

. a 15 16 16 16 16 17 17 17 14 16 17 17 (B) Fin . Ben .b 
Fin . Ben. 19 20 20 20 19 20 20 20 16 19 20 20 
F' c 14 16 16 16 14 16 16 16 13 14 15 16 in. Ben.d 
Fin. Ben . 14 16 16 16 14 16 16 16 13 14 15 16 

N 
0 Imports - - - - 1 0 0 0 2 1 0 0 w 

Exports - - - - 11 11 11 11 11 11 11 11 • 
6 Farm Inc . 12 12 12 12 18 18 18 18 18 18 18 18 

a 
(C) Fin. Ben .b 9 10 10 10 10 10 10 10 9 10 10 10 

Fin. Ben. 12 12 12 12 12 12 12 12 11 12 12 12 
Fin. Ben .~ 9 9 9 9 9 9 9 9 9 9 9 9 
Ein . Ben. 9 10 10 10 9 10 10 10 9 9 10 10 
Imports - - - - 0 0 0 0 0 0 0 0 
Exports - - - - 5 5 5 5 5 5 5 5 
6 Farm Inc. 6 6 6 6 9 9 9 9 9 9 9 9 

(D) Fin. Ben .: 5 5 5 5 5 5 5 5 5 5 5 5 
Fin. Ben . 6 6 6 6 6 6 6 6 6 6 6 6 
Fin . Ben . c 5 5 5 5 5 5 5 5 4 5 5 5 Fin. Ben .d 5 5 5 5 5 5 5 5 4 5 5 5 

~inancial benefits corresponding to the four sets of values Pit+c
1 

and Pit+c
2 

given in Table 19 . 

bFinancial benefits corresponding to the four sets of values Pit+cl and Pit+c
2 

given in Table 19 . 

:Financial benefits corresponding to the four sets of values Pit+cl and Pit+c
2 

given in Table 19 . 

Financial benefits corresponding to the four sets of values Pit+c
1 

and Pit+c
2 

given in Table 19. 

• 



Table D9. Expected present values of storage benefits for rice (Rs. million): stabilization around P Rs . 900 per tona 

Scheme-A Scheme-B Scheme-C 
M

1
=2 . 0 M1=3 . 0 M1=4 . 0 

M2=0 . 0 M2=0.0 M2=0.0 
M

1
=5 . 0 M1=2.0 M1=3 . 0 M1=4 . 0 

M2=0 . 0 M2=0 . 0 M2=0.0 M2=0 . 0 
M

1
=5 . 0 M

1
=2.0 

M
2
=0.0 M

2
=0 . 5 

M
1
=3.0 M

1
=4 . 0 

M2=1 . 0 M2=1 . 5 
M

1
=5.0 

M
2
=2.0 

Initial Inv. 
Imports 
Exports 

-2,100 -3,150 -4,200 -5,250 -2,100 -3,150 -4,200 -5,250 -2,100 -3 , 150 -4,200 -5,250 

6 Farm Inc. 

(A) Fin. Ben.b 
Fin. Ben . ~ 
Fin. Ben . 
Fin . Ben.e 

Imports 
Exports 
u Farm Inc. 

(B) Fin. Ben . b 
Fin. Ben.~ 
Fin . Ben. 
Fin. Ben.e 

Imports 
Exports 
t, Farm Inc . 

(C) Fin. Ben.b 
Fin. Ben . ~ 
Fin. Ben . 
Ein . Ben.e 

Imports 
Exports 
.::. Farm Inc. 

(D) Fin. Ben.b 
Fin. Ben.~ 
Fin. Ben. 
Fin. Ben.e 

-692 - 789 

479 553 
695 785 
449 519 
482 553 

-335 

250 
329 
243 
250 

- 118 

91 
116 

90 
91 

- 26 

21 
26 
21 
21 

-353 

264 
346 
256 
263 

- 120 

92 
117 

91 
92 

-26 

21 
26 
21 
21 

-813 -819 

572 576 
808 813 
537 541 
570 575 

-354 

265 
348 
257 
264 

-120 

92 
117 

91 
92 

- 26 

21 
26 
21 
21 

-354 

265 
348 
257 
264 

-120 

92 
117 

91 
92 

-26 

21 
26 
21 
21 

-126 
699 
122 

536 
691 
446 
478 

-18 
283 

34 

270 
329 
242 
249 

-1 
85 
-2 

97 
116 

90 
91 

0 
19 

0 

22 
26 
21 
21 

-28 
688 
122 

614 
783 
517 
550 

-1 
282 

34 

285 
346 
256 
263 

0 
85 
-2 

98 
117 

91 
92 

0 
19 

0 

22 
26 
21 
21 

-5 
686 
122 

634 
806 
535 
568 

0 
282 

34 

286 
347 
257 
264 

0 
85 
-2 

98 
117 

91 
92 

0 
19 

0 

22 
26 
21 
21 

Neg . 
686 
122 

639 
811 
539 
573 

0 
282 

34 

286 
347 
257 
264 

0 
85 
-2 

98 
117 

91 
92 

0 
19 

0 

22 
26 
21 
21 

-250 
728 
122 

453 
592 
372 
403 

-44 
286 

34 

249 
304 
223 
230 

-6 
85 
-2 

93 
111 

86 
87 

0 
19 

0 

21 
25 
20 
20 

-126 
699 
122 

536 
691 
446 
478 

-18 
283 

34 

270 
329 
242 
249 

-1 
85 
-2 

97 
116 

90 
91 

0 
19 

0 

22 
26 
21 
21 

- 60 
699 
122 

587 
751 
492 
525 

- 6 
282 

34 

281 
341 
252 
259 

0 
85 
- 2 

98 
117 

91 
92 

0 
19 

0 

22 
26 
21 
21 

-28 
688 
122 

614 
783 
517 
550 

-1 
282 

34 

285 
346 
256 
263 

0 
85 
-2 

98 
117 

91 
92 

0 
19 

0 

22 
26 
21 
21 

aStorage rules aimed at limiting price of fluctuations 
ton are denoted by (A), (B), (C), and (D) respectively. 

-at 2, 3, 4 and 5 percent of the desired mean price P=Rs . 900 
per For standard deviations of the estimates, see Appendix Table D10. 

bF. . 1 1.nanc1.a benefits corresponding to the four sets of values of Pit+c
1 

and Pit+c
2 

given in Table 19. 

cFinancial benefits corresponding to the four sets of values of Pit+c
1 

and Pit+c
2 

given in Table 19. 

dFinancial benefits corresponding to the four sets of values of Pit+c
1 

and Pit+c
2 

given in Table 19. 

eFinancial benefits corresponding to the four sets of values of P. +c
1 

and P. +c
2 

given in Table 19. 
1.t it 

,. 

N 
0 
J;:-. 



Table DlO . Standard deviations of the estimates given in Appendix Table D9 (Rs . million) 

Scheme- A Scheme-B Scheme-C 
M1=5.0 M1=2 . 0 M1 =3 . 0 M1=4 . 0 M

1
=5 . 0 M

1
=2 . 0 M1=3 . 0 M1=4.0 M1=5.0 M1 =2 . 0 M

1
=3 . 0 M

1
=4 . 0 

M2=0 . 0 M2=0.0 M2=0.0 M2=0 . 0 M2=0.0 M2=0 . 0 M2=0 . 0 M2=0 . 0 M2=0 . 5 M
2
=1.0 M2=1 . 5 M

2
=2.0 

Imports - - 14 6 2 Neg . 20 14 10 6 - -
30 30 30 30 31 30 30 30 Exports - - - -

6 Farm Inc . 25 31 33 34 56 56 56 56 56 56 56 56 

. a 19 24 25 26 20 25 27 27 17 20 23 25 (A) Fin . Ben .b 
23 29 31 32 23 29 31 32 19 23 27 29 Fin. Ben .c 
19 23 24 25 19 23 24 25 16 19 21 23 Fin . Ben .d 
19 23 24 25 19 23 24 25 15 19 21 23 Fin . Ben . 

Imports - - - - 5 1 0 0 8 5 2 1 

Exports - - - - 20 20 20 20 21 20 20 20 

t:, Farm Inc . 22 24 24 24 38 38 38 38 38 38 38 38 

(B) Fin. Ben.: 17 18 18 18 18 19 19 19 16 18 19 19 
Fin. Ben . 21 22 23 23 21 22 23 23 18 21 22 22 

C 
16 18 18 18 16 18 18 18 14 16 17 18 Fin . Ben .cl 

Fin . Ben. 16 18 18 18 16 18 18 18 14 16 17 18 
N 
0 

Imports - - - - 1 0 0 0 2 1 0 0 V, 

• Exports - - - - 11 11 11 11 11 11 11 11 
6 Farm Inc. 14 14 14 14 20 20 20 20 20 20 20 20 

(C) Fin . Ben.a 11 11 11 11 11 12 12 12 11 11 12 12 
Fin. Ben.b 13 14 14 14 13 14 14 14 12 13 14 14 . 
Fin . Ben . c 11 11 11 11 11 11 11 11 10 11 11 11 
Ein . Ben .d 11 11 11 11 11 11 11 11 10 11 11 11 

Imports - - - - 0 0 0 0 0 0 0 0 
Exports - - - - 5 5 5 5 5 5 5 5 
t:, r arm Inc. 7 7 7 7 10 10 10 10 10 10 10 10 

(D) Fin . Ben.: 5 5 5 5 5 5 5 5 5 5 5 5 
Fin. Ben . 6 6 6 6 6 6 6 6 6 6 6 6 
Fin . Ben.~ 5 5 5 5 5 5 5 5 5 5 5 5 
Fin. Ben. 5 5 5 5 5 5 5 5 5 5 5 5 

aFinancial benefits corresponding to the four sets of values of P. +c and P +C given in Table 19. 
b it 1 it 2 
Financial benefits corresponding to the four sets of values of Pit+c

1 
and Pit+c

2 
given in Table 19. 

cFinancial benefits corresponding to the four sets of values of Pit+cl and Pit+c
2 

given in Table 19 . 

dFinancial benefits corresponding to the four sets of values of P +C and P +c given in Table 19 
it 1 it 2 . 

• 



Table Dll. Standard deviations of the estimates given in Table 20 for cereals storage program 

Scheme-A Scheme-B Scheme-C 
M

1
=5.0 

M
2
=0.0 

M
1 

-_7. 0 
M

2
=0 . 0 

M
1
=9.0 

M2=0.0 
M

1
=11.0 

M
2
= 0.0 

M
1

=5 . 0 
M2=0 . 0 

M
1

=7 . 0 
M2=0 . 0 

M1=9.0c M1=11.0 
M

2
=0.0 M

2
= 0 . 0 

M
1

=5 . 0 
M2=2.0 

M
1

=7 . O 
M2=2 . 5 

M
1
=9.0 

M2=3 . 0 
M

1
=11.0 

M
2
= 3.5 

Price Dev.*a .036 . 035 .035 .035 .004 .004 .004 .004 .004 . 004 .004 .004 a 
. 022 . 024 .024 . 024 . 019 .019 .019 .019 .019 . 019 .019 . 019 Farm Income Dev .** 

b 
.035 . 049 . 058 .062 . 035 .049 .058 .062 . 020 . 031 . 042 . 052 (A) Ave . Op . Stock 

Total Importsb - - - - .104 .074 . 046 . 026 .136 .112 . 088 . 066 
Total Exportsb - - - - .104 .136 .136 .136 .154 . 141 .137 .136 

Price Dev.*a . 033 .032 .032 .032 . 008 .008 . 008 . 008 .008 . 008 . 008 . 008 a 
. 022 .023 .023 . 023 .013 .013 .013 .013 .013 .013 . 013 .013 Farm Income Dev . ** 

b 
. 039 .057 . 059 .039 .051 .057 .059 .022 .035 .046 .053 (B) Ave. Op. Stock .051 

Total Importsb - - - - .082 .053 .030 .015 .115 .090 .067 .045 
Total Exportsb - - - - . 124 .123 .123 .123 .134 . 125 . 123 . 123 

Price Dev. *a .032 .031 .030 .030 .012 .012 .012 .012 .012 .012 .012 . 012 N a .022 .022 . :)22 . 008 .008 . 008 .008 .008 .008 .008 . 008 0 Farm Income Dev.** .022 0, 

b 
.042 .051 .056 .042 .051 .056 .026 . 038 .047 . 052 (C) Ave . Op. Stock . 055 .055 

Total Importsb - - - - . 062 . 036 .018 .008 .095 .070 . 048 . 030 
Total Exportsb - - - - . 113 .113 .113 . 113 .119 .114 .113 . 113 

Price Dev . *a .032 . 031 .031 .030 . 016 .016 .016 .016 .016 .016 .016 .016 a .021 .021 .021 . 021 . 008 .008 .008 Farm Income Dev .** .008 .008 .008 .008 .008 
(D) Ave . Op. Stockb .042 .049 . 051 .052 .042 .049 .051 . 052 . 028 . 040 .046 .050 

Total Imports~ - - - - . 044 .023 .010 .002 .075 .051 .032 .019 
Total Exports - - - - .103 .102 .102 .102 .106 .103 .102 .102 

a 
Expressed as percent . 

bExpressed in million tons . 

*The value without storage is 0 .051. 

**The value without storage is 0.029. 
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Table Dl2. Standard deviations of the estimates given in Table 21 for rice storage pr ogram 

Scheme-A Scheme-B Scheme-C 
M

1
=2 . 0 

M
2
=0 . 0 

M1=3.0 
M2=0 . 0 

M1=4 . 0 
M

2
=0.0 

M1=5.0 
M

2
=0 . 0 

M1=2.0 
M

2
=0.0 

M1=3 . 0 
M2=0 . 0 

M
1

=4 .0 
M2=0 . 0 

M1=5.0 
M

2
=0.0 

M1=2.0 
M

2
=0 . 5 

M1=3 . 0 
M

2
=1 . 0 

M
1

=4.0 
M2=1.5 

M1=5.0 
M

2
=2.0 

Price Dev . *a .011 . 010 . 010 . 010 . 007 .007 .007 . 007 . 007 .007 . 007 . 007 
Farm Income Dev.**a . 004 . 005 . 006 .006 . 007 .007 .007 . 007 . 007 . 007 . 007 . 007 

b .018 . 021 . 022 . 023 . 018 . 021 . 022 . 023 . 015 . 018 .020 .021 (A) Ave . Op . Stoc~ 
Total Imports - - - - . 021 . 010 . 004 . 001 . 029 . 021 .015 . 010 
Total Exportsb - - - - . 045 . 044 . 044 . 044 . 046 .045 . 044 . 043 

Price Dev .*a . 014 . 013 . 013 . 013 .011 .011 .011 . 011 . 011 . 011 . 011 . 011 
Farm Income Dev .**a . 004 . 004 .004 .004 . 003 . 003 . 003 . 003 .003 . 003 .003 .003 

(B) Ave. Op . Stockb . 015 .016 .016 .016 . 015 . 016 .016 .016 . 013 .015 . 016 . 016 
Total Importsb - - - - .006 . 001 - - . 011 .006 .003 . 001 
Total Exportsb - - - - .029 . 028 .028 . 028 . 029 .029 . 028 . 028 

Price Dev. *a .015 . 015 .015 .015 .014 . 014 . 014 . 014 . 014 . 014 . 014 .014 N 

Farm Income Dev.**a . 004 . 004 .004 . 004 . 003 .003 .003 . 003 .003 .003 .003 . 003 0 
-...J 

(C) Ave. Op. Stockb 
• 

. 009 . 010 . 010 . 010 . 009 . 010 .010 . 010 .009 .010 . 010 . 010 
Total Importsb - - - - .001 . 000 . 000 .000 . 003 . 010 . 000 . 000 
Total Exportsb - - - - . 014 .014 . 014 . 014 . 014 . 014 . 014 . 014 

Price Dev.*a .017 .017 .017 . 017 .016 . 016 . 016 .016 .016 .016 .016 .016 
Farm Income Dev . **a . 004 . 004 . 004 .004 .004 .004 . 004 .004 . 004 .004 . 004 . 004 

(D) Ave. Op . Stockb .005 . 005 . 005 .005 .005 . 005 .005 . 005 . 005 .005 . 005 . 005 
Total Importsb - - - - .000 .000 .000 .000 . 000 .000 . 000 . 000 
Total Exportsb - - - - .007 . 007 . 007 . 007 . 007 .007 . 007 . 00 7 

- -
a 

Expressed as percent. 

bExpressed in million tons. 

*The value without storage is 0.017 . 

**The value without storage is 0.004 . 

, 
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