
FOOD seCURITY IN LDC'S: COST OF ALTERNATIVE CASH AND FUTURES 
STRATEGIES 

by 

John A. Forkkio, Jr. 

Thesis submitted to the Graduate Faculty of the 

Virginia Polytechnic Institute and State University 

in partial fulfillment of the requirements for the degree of 

APPROVED: 

Ralph Kline 

in 

Agricultural Economics 

Wayne D. Purcell 

.Bradf 'oe"lton 

May, 1982 
Blacksburg, Virginia 



CONTENTS 

Chapter 

II. 

INTRODUCTION 

. .• . 

1 

1 
2 
2 
2 
3 

Problem. Statement 
Primary Objective 
Secondary Objective 
Hypothesis • • • • • 
Introduction • • • • • 
Traditional Approaches 
Implications of Higher 

to Food Irtsecurity • • • • • • • • • 8 
International Food Prices for LDC's • 11 

INDIA - A CASE IN POINT • 

The Setting • • • • • • 
Population of India • • • • 
The Future Population of India • 
Agricultural Production in India • 
The Five Year Plans •••• 
The Food-Population Gap in India • 
The Case for Grain Storage • 

• • 20 

• • • • 20 
. . . . . 21 

• • • • • • • 3-3 
• • • • ' • • • • • .39 

. • . • • • • . 54 
. . . . . . 66 

. . . . . . 68 

III. THt: TRIGGBR MECHANISM TO INSURE A MINIMUM PER CAPITA 

IV. 

AVAILA.SILITY OF FOOD • • • • • • • • • • • • 80 

The Nature of India's Wheat Imports 
The Com.ponents of a Storage Cost ••. 
Strategies • • • • • • • • • • • • • • 
Annual Analysis and Strategies -- 1974-75 - 1979-80 

T_riggers . . . .. . o • • • • • • 

Annual Crop Year Analysis •.••• 
Crop Year - 1974/75 . • • . . ••. 
Crop Year - 1975/76 •••• 
Crop Year 1976/77 ••.• 
Crop Year - 1977/78 
Crop Year - 1978/79 
Crop Year - 1979/80 

TESTS OF S'I'RATEGHS AND RESULTS • 

The Models • • • 
Test of Strategies Using Fundamental Approach 
Technical Analysis -- Model IV 
Re·sul ts • • • • • • • . • • • • • • • • • • • • 

ii 

. 81 
• • • 84 

. • 89 
. 92 
100 
101 
101 
102 
104 
105 
105 
106 

109 

109 
116 
117 
123 



V. CONCLUSIONS AND SUGGgSTIONS • • • • • . • • • • • • • • • . • 126 

Appendix 

A. CALCULATIONS FOR TABLBS IN CHAPT[R IV • 

Calculation Appendix to Table 1 
Calculation Appendix to Table 2 
Calculation Appendix to Table 3 
Calculation Appendix to Table 4 

iii 

• • c • • • • • 

134 

136 
138 
141 
143 



Chapter I 

Problem Sta.tement 

The instability of food supply within the poor developing countries 

of the world may be caused by either climatic conditions or may be poli-

tically induced through trade policies of some developed countries. 

Through impacts on the price mechanism, this instability of food supply 

can lead to problems such as acute hunger, malnutrition, starvation and 

depletion of precious foreign exchange reserves. 

As a corollary, the existence of an unstable food supply poses a 

serious threat to the economic development of a developing country. In 

the presence of an increase in the price of grain on the international 

food market, a food-deficit c.ountry is forced to divert additional for-

eign exchange reserves, which could have been used elsewhere in the 

domestic economy for developmental purposes, into food-import expendi-

tures. Thus, a rise in food grain prices on the international market 

makes it difficult for most of the developing countries, with their lim-

ited foreign exchange reserves, to sometimes meet even a minimal per 

capita food grain consumption target. With a given fixed import-food 

budget, any world price increase makes it not only difficult, but some-

times impossible, for a developing country to maintain the required lev-

el of imports of food grain needed to satisfy the per capita consumption 

target. Also, food insecurity may contribute to political instability. 

1 
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Given the importance of the food stability issue to the LDC's, more 

information is needed on strategies to effectively manage and stabalize 

food supplies. The traditional approaches such as buffer stocks and 

trade liberalization are expensive and/or require changes beyond the 

control of the LDC's. Alternatives are needed. 

To investigate the feasibility of using the U.S. commodity futures 

market as an alternative strategy in seeking to maintain a more stable 

food supply in the less developed countries. 

To investigate whether the use of strategies involving the wheat 

futures market, as opposed to a food grain storage scheme, can be a 

least-cost method for India in ensuring the historical average per cap-

ita food grain consumption of 447 grams per day. 

1.3 HYPOTHfSIS 

The wheat futures market vis a vis a complete grain storage opera-

tion can reduce the costs of insuring a more stable food supply for In-

dia. 
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1. 4 INTRODUCTION 

The subject of food security, when discussed, invariably focuses on 

the less developed ·countries (LDC). This rather symbiotic relationship 

becomes appar.ent ·when several facts are considered: (a) two ... thirds of 

the world's population live in the developing countries; (b) the devel-. 

oping countries produce only about one-third of the world's food and as 

an ominous consequence; (c) most of the world's hungry and ill .... nourished 

live in the poor developing countries; and (d) all indications seem to 

project an increase irt the present imbalances in this decade of the· 

80 1 s.l -

The dim forecast of the food situation for the typical LDC is 

largely due to the high annual rate of population growth. Over the per..-

. iod 1960-75, the developing countries had an annual population growth 

rate of 2.3 percent compared to an annual population growth rate of the 

developed countries which actually fell from 1. 2 percent to O. 9 percent. 

In point of fact, according to the "medium'' variant of the United Na-

tions projections, the world population may grow from 3,967 million in 

1975 to 6,253 million by the year 2000, with about 90 percent of the in-

crease occurring in the less developed countries.2 

During the 1950' s both developed and less developed countries in-

creased their food production at a rate of 3.1 percent. The rate drop-

ped to 2.8 percent in the 1960's. Unfortunately for the less developed 

countries, these increases were offset by population growth of about 2.4 

percent in the 19SO's, around 2.6 percent in the 1960's, and 2.7 percent 

in the early 1970~s.3 
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S. Reutlinger (1978, pp. 799-800) defines food insecurity as the 

condition whereby consumption of food grains, within a developing coun-

try, is less than some desired level C*. He rtotes that food insecurity 

results exclusively from an inability of the<developing countries to im..,. 

port a sufficientquantity of food grains because their economic and fi-

nancia,1 capacity does not permit their food import bill to exceed P • I. 

P is the median or normal world (or import) pri.ce of food grains and I 

is the average quantity of imports, defined as the gap between desired 

consumption C* and domestic food grain production in a normal year Q. 

According to Reutlinger, then, food security requires imports to 

be: 

I* .:: C* - Q 

or consumption to be: 

C* = Q + I*. 

Therefore, food insecurity arises when actual imports, I, are less 

than I*, where 

I -= C* - Q 

Subject to P · I < P · I 

and actual consumption is 

C -= Q + I. 

Definitively, food security is the assurance of a minimally ade-

quate level of food consumption per capita. For any policy or program 

to be effective, it must have an objective(s). Thus, a viable food se-

curity program/policy must have some objectives. The most important po-
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licy objectives, within the context of food security for a developing 

country, are briefly as follows: ( 1) to secure the food supply for 

those citizens who do not have enough food to eat, (2) to conserve for-

eign exchange reserves, (3) to increase food production among poor .farm-

ers (who may be malnourished), (4) to encourage economic development 

considerations, and (5) to facilitate less reliance/dependence on for-

eign assistance. 

The causal factors of world food insecurity can be classified into 

two categories: (1) nature induced, and (2) policy induced variables. 

It is the changes of such variables which cause frequent price variabil-

ity in the international food market with the resultant. instability of 

food supply for poor countries relying on the international food market 

to fill the food demand gap in their countries. 

D. Gale Johnson (pp. 81-89) has hypothesized that the primary cause 

of recent international food insecurity is due to the increases in in-

ternational grain prices. It is the human-induced or governmental poli-

cies of certain countries which has affected grain pricing within their 

political boundaries. Johnson, (p. 82) argues that while the interna-

tional grain price rise of 1971-1974 was partially due to: (a) a de-

crease in fishmeal production, (b) Russian grain purchases, (c) a de-

crease in grain production, and (d) devaluation of the dollar, the 

significant causal factors were those national policies that insulated 

domestic prices and consumption from the effects of world variations in 

demand and supply. 
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As a consequence,· during the period 1971 to 1974 in countries such 

as the Soviet Union, China and the european economic Community (£t:C), 

which consumed well over half of the world's grain, prices were not per-

mitted to reflect the changes in world demand and supply situations that 

had occurred. Domestic prices paid by consumer.s and received by produc_; 

ers in these countries were .. st.abilized by control of . net grain trade 

(Johnson, P• 82). Consumers in such countries had no incentive to eco-

nomize in the use of g;rain and producers had no incentive to expand pro-

duction of grain. Thus, all adjustments had to be made .by the interria-

tional grain market in those countries in which domestic and 

international grain prices were permitted to vary together. Such ad--, . 

justinents w~re made by the United States arid the less developed coun-

tries which had open trade economies (i..e., fewer trade protectionist 

policies). 
. . . 

Asa matter of fact, the implementation of such trade policies as: 

(1) variable import levies, (2) export tariffs, (3) state trading organ-

izations, and (4) other import~export regulations; all have the effect 

of insuiating the domestic grain supply-demand relationships from that 

of the rest of the world, Dale Hathaway 09787 p.· 56) notes that a study 

by the Food and Agriculture Organization (FAO) indicates that, during 

the period 1971-1974, consumer wheat prices inQre than tripled in the 

.United States. However, prices rose only 35 percent in the european 

economic Commurtity (ggc), 52 percent in Japan, and 60 percent in Austra-

lia. At the same time, some LDC' s experienced an even greater rise in 

grain prices than the U.S. 
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Konandreas and Valdes, (1981, p. 25) note two main causes of food 

insecurity viz., (1) shortfalls from domestic production trends, which 

are usually weather induced and can be quite substantial, and (2) the 

sudden increases in world prices for food imports (and other imports) 

and/or decreases in the prices of exports used to cover the cost of food 

imports. 

Again, Reutlinger (p. 800) acknowledges four major determinants of 

food inse.curity to be: ( l) the normal import determinants of food 

grains by the developing country, I, which is the difference between de-

sired consumption, C*, and average production, Q, (2} the average world 

price of food grains, P, (3) the extent of instability in developing 

countries production, (i.e. the probability distribution of domestic 

production, Q), and (4) the extent of instability in world price of food 

grains, (i.e. the probability distribution of world price, P). 

It then becomes apparent that, in addition to the year-to-year 

fluctuations ip. the domestic harvests, the greatest threat· to global 

food security as far as the poor nations are concerned is the interna-

tional food price variability. As noted, this variability has been at-

tributable to nature-.induced and policy-induced phenomena. .But· to the 

extent that weather cannot be changed and developed economies are ex-

tremely sensitive about intervention in trade policies that are closely 

tied to their farmand income policies, it must be understood that world 

food insecurity as a function of international price variability is a 

"given". Therefore, it would appear that an effective method to deal 



with a natidnal food insecurity should be .any .. method that effectively 

reduces the price risk/v·ariabiUty in the international food market. 

1.5 TRADITIONAL APPROACHBS TO.FOOD I.NSBCURITY . . .. . . ---:- --· -. _ ...... ___ _ 
Several alternativE! solutions have been suggested and used by .na...: 

tions in an attempt to maintain a stable food~ supply~ Among the alter-

natives are: ( 1) buffer stocks, (2) foreign assistance (food al.d), and 

(3) trade liberal:i.zation. But each of these approaches have inherent 

problems. 

I. .Buffer Stocks: Conceptually, this sc_heme involves the estab-

lishment of a national g;rain reserve~ . The stocks are procured when 

prices are low either in the domestic or international markets. And 

when domestic supplies are tight, the stock.s lire released. 

However, a buffer. st;ock program has many serious problems which m~y -

make it impractical fol". many LDC' s. Problems include: (1) the high 

cost.of. buffer stock operations, (2) inadequacy of stora~e and transpor-

tation facilities in most developing cpuntries, (3) physical/practical 

limitations to the storable amounts of grain, and (4) the 'possibility 

that stock operation may eliminate or reduce the economic incentive for 

domestic_ producers to increase production (i.e. a dis..;,incentive effect). 

In addition, while a domestic ·buffer stock operations of an: LDC woufd 

produce some food_ price stability effects domesdcally, if Illaintained at 

appropriate quantity levels, this stock operations will not have any 

such effects on the~ world food price. Food grain storage activities of 
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a single developing country does not, therefore, necessarily reduces its 

international food price risks. 

II. Foreign Assistance (Food Aid): Theoretically, food a.id is an 

attempt by developed countries to aid in the food supply of developing 

countries with concessional food sales or direct grants of food aid. 

The apparent problems with this gesture are: (a) the unreliability of 

such sales by the donor countries -- since such sales are a function of 

the production levels within the donor countries, and (b) the fact that 

the magnitudes and frequency of food aid is heavily influenced by domes-

tic farm support programs, surplus commodity accumulations and foreign 

policies of the developed countries. Finally, some evidence exists, 

particularly from India, which suggests. that massive food aid during a 

20 year span had a repressive price effect in the Indian wheat economy 

(Shenoy, 1974). 

III. Trade Liberalization: Hathaway (p. 55) conceptually argues 

that a free world trade would have the effect of stabilizing the aggre-

gate world grain production. A poor harvest in one region could be off-

set by an above average production in another region. Thus, the theor-

etical implication is that a free trade among nations allocated by a 

free market price would permit countries to achieve a high degree of 

year-to-year stability of supplies without large reserve stocks. In es-
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sence, then, each nation would be relying primarily on its trade oppor-

tunities and financial reserves to offset fluctuations in its own pro-

duction. If free agricultural trade among nations were to become perva-

sive, worldwide, then price stability and even lower prices might be re-

alized in the international food market. 

However, there exist real-world practical problems or constraints 

to this alternative scheme. The thrust of the problem lies in the fact 

that national policies of developed nations are designed to stabilize 

domestic grain prices by insulating the domestic economy from adverse 

movements in the international market. Such policy actions do not faci-

litate a free world trade. The reality of this fact surfaced, when aft-

er two years of intense negotiations under the auspices of the U.N. 

Conference on Trade and Development (UNCTAD) and the International Wheat 

Council (IWC), the International Wheat Agreement (IWA) negotiations col-

lapsed in February, 1979. 

Furthermore, 1'. Josling, ( 1978, p. 66) notes that for a policy of 

trade liberalization to be enacted, domestic interests have to be pre-

pared to adjust to changes in trade policy. And in this line of argu-

ment, two very important questions must be raised viz., (a) How will 

domestic policy itself react to trade policy agreements?, (b) How can 

domestic legislatures and pressure groups be reconciled to a trade pack-

age which will contain objectionable as well as desirable implication? 

It is unlikely that the responses to such questions will be favorable, 

especially when one considers that domestic policies are particularly 

resistant to changes. 
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1.6 IMPLICATIONS OF HIGHgR INTgRNATIONAL FOOD PRICES FOR LDC'S 

To fully begin to understand the impact of rising food grain prices 

in the international market upon the non-oil exporting developing coun-

tries (therefore oil importing), the analysis must include an economic 

development dimension. A framework through which such an analysis can 

be made is to recognize that rising international food prices for these 

countries contribute to a deterioration of their balance of payment de-

ficits in the presence of reduced export earnings coupled with persis-

tent higher energy prices (i.e., oil). 

The export instability of the non-oil exporting developing coun-

tries is made quite acute when, as Stern and Tims, (1975) point out, de-

veloping countries depend for their foreign exchange earnings on a small 

number of primary commodities. In 1960, this small number of .primary 

commodities constituted more than 90 percent of their exports. In 1972, 

the figure was close to 80 percent. The problem with such a high level 

of dependence is that their dependence on these commodities, such as 

copper, sugar, cotton, rubber, cocoa, tea, coffee, etc. for exports is 

not matched by an equally dominant share in the markets for several of 

these products. In point bf fact, developing countries' exports of pri-

mary commodities were only 40 percent of world primary exports in 1955. 

However, by 1972, this percentage had declined gradually to 35 percent 

due in part to major competition from synthetics and other substitutes. 

Historically, each period of high prices for primary commodities has led 
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to investments for synthetic substitutes and alternative. technologies 

which captured market shares virtually permanerttly. 

Dunkerley and Steinfeld, (1980), note . that exports of the non-oil 
. . . . : 

developing countries are highly dependent on market conditions in indus-

trialized countries, as evidenced by the fall in export volumes in 1975 

during the recession in industrialized economies. With many of the Or-
gani.zati9n for Bconomic Cooperation and Development (0£CD) nations now 

. . . 

either in a period of no.growth or actual recession, export markets will 

surely be somewhat eroded, making a development strategy for LDC's based. 

on export promotiort increas.ingly problematic. Food-deficit third world 

countries, when confronted with high iriterna:tional food prices along 

with high oil; prices face a calamitous economic situation which can 

threaten and . even halt any developmental program111es :i.n the presence of 

reduced export earnings or markets. 

The dynamics of this problem during the periOd of high energy pric-

es for oil importing developing and industrialized countries after ·the 

1973-74 four-•fold increase in oil prices are explained by Punkerley and 

Steinfeld (p •. 195). They observed that the effect of the increase in 

oil prices on oil-importing developing · rtations can conveniently,· if ar-

bitrarily, be divided into sho.rt-run a:nd long-run effects. In the first 

instance is· the increase in oil prices. Oil imports tend to be a signi-

·ficant part of total imports and, since it is difficult to reduce oil 

consumption substantially in the shoi:t.;.run, lead to a sizeable increase 

in total imports~ ·rn the absence of a reduction in other imports or an 
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equivalent increase in exports, the balance of trade deteriorates and 

the resulting deficits have to be financed by borrowing or by running 

down foreign exchange reserves which are in limited supply in developing 

countries. 

Internally, rising oil and food prices lead to inflation. At the 

same time, the rteed for consumers to spend more for energy means that 

there is less money to buy other things. In the absence of countervail-

ing measures, demand for these other goods falls and economic activity 

declines. The rise in prices of imported oil and food therefore have 

simultarteous inflationary and deflationary repercussions on the domestic 

economy. In the industrialized countries, these combined inflationary 

and deflationary effects from rising oil prices aggravate the balance-

of-payments difficulties of developing countries. The price of their 

imports (e.g. food) from industrial states increse because of infla,-

tion. :But at the same time, the lower level of economic activity in in-

dustrial countries made it difficult for developing countries to main-

tain export levels. In the wake of such problems, stimulation of 

economic growth becomes a secondary directive. 

Dunkerley and Steinfeld {pp. 202,.-203), in their study involving se'-

lected oil-importing developing countries, found a positive correlation 

between high inflation rates and lower growth rates. Consider Tables I 

and II. 

From Table 1 the effects of the 1973-74 round of oil price rises 
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+----------~------------------------------------~----------------------+ 

Table L Comparative Inflation Rates Between Industrial and 
Non-Oil LDC (% increase from previous year). 

1962-72 1973 1974 1975 1976 1977 
Industrial 
Countries a 4.1 7.3 11.9 11.0 7.1 7.1 

Non-Oil Devel. 
Countriesb 10.1c 2t.1 33.0 32.9 29~9 29. 7 .· 

1978 

7.0 

24.6 

+---------------------------------------------------------------------..,.--+ 

acNP deflater. 
bconsumer prices. 
Cl967-1972 

Source: Dunkerley and Steinfeld - Journal of energy Development, 
1980. 
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reflects, among other things, the rise in inflation rates within both 

the developed and less developed nations compared to the ciecade of the 

60' s when prices were relatively stable.. Also, from the table, it can 

be observed that consumer prices rose sharply. in 1974, often at .a rate 

50 percent higher thart. the rapid increase experienced in 1973. While 

the- rate of inflation has diminished since, . prices still continue to 

rise at rates well in excess of the pre-1973 period. 

It can be observed from Tables 1 .and 2 thatthe rise in 

inflation rates contributed to a lowering in growth rates in the oil""'.im-

·porting developing nation.a. Compare the rapid rise in inflation in 1974 

in the LDC with the resultant drop in growth rate. (Other such compari:.. 

sons can be· deduced from the tables).· Parenthetically, it should. be 

pointed out from Table II that despite the decline, growth rates in 
. . - . : 

oil-importing developing countries consistently have been higher than in 

the industrial countries. .This is an economic fact that is not plea-

sant, especially for those non""'.oil developing countries which had anti-

c~pated and planned for increased exports to the developed ·countries 

during this period. 

From both tables and the research by .. Dunkerley and Steinfeld orie 

thing is quite clear: for the non-oil developing countries, increases 

in oil prices contributed to some emerging econo.mic difficulties like 

higher trade deficits, higher rates of inflation, and lower growth 

rates. In a situation like this, higher international food prices sim-

ply exacerbate the economic difficultires. 
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+-----------------------------------------------------------~----------+ 

Table 2. Comparative Changes in Output Between Industrial and 
Non-Oil LDC (% change from preceding year). 

1962-72 1973 1974 1975 1976 1977 
Industrial 
Countriesa 4.6 6.1 0.2 -0.9 5.4 4.0 

Non-Oil Devel. 
Countriesb 6. lc 7.3 5.3 4.1 5.0 5.1 

1978 

4.0 

5.2. 

+----------------------------------------------------------------------+ 

aReal GNP. 
bReal GDP. 
Cl967-1972 

Source: Dunkerley and Steinfeld - Journal of energy Development, 
1980. 
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In addition, a statistical study by Junginger-Ditte1 arid Reisen, 

(1979) involving seven less developed countries including .Brazil, Mada-

gascar, Malaysia and Senegal, reveals that food instability significant-

ly destabilizes imports of capital goods and raw intermediate goods such 

as agricultural prerequisites and fertilizers. On the other hand, im-

portation of manufactured intermediates were not destabilized. This 

pattern of results is observed due in part to the fact that in most food 

dependent third-world countries, food imports are heavily subsidized by 

the government. At the sam.e time, the government plays a dominant role 

in the process of gross capital formation and in the domestic supply of 

some raw intermediate materials. .Based on their research analysis, the 

authors reached the following conclusions: (1) the instability of the 

inflow of capital and intermediate goods into LDC' s is linked to the 

price instability of international markets by channels which until now 

have not found the attention of empirical analysis. This is seen not 

only in fluctuating export proceeds, but also in the fluctuating prices 

LDC' s have to pay for their imports which endangers the continuous in-

flow of these goods. (2) Capital goods and manufactured intermediate 

imports react in a highly sensitive manner to transitory variations of 

import prices and total import expenditures. Raw intermediate import 

demand is rather inelastic with respect to transitory own-product price 

and total import expenditure variations. (3) The magnitude of the noted 

destabilization effects of own and raw intermediate import prices can be 

qualified according to a country's access to international reserves or 
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credits. If sufficient reserves allow an ·adjustment of total import 

payments to import price increases, the import volumes in the respective 

countries show less reaction to transitory price movements. (4) The 

analysis demonstrated that an unstable inflow of goods also depends on a 

specific domestic phenomenon. It is the quantitative instability of 

domestic food production which, subject to the policy goal of sufficient 

domestic food supply, is transmitted to the capital good and raw in-

termediate imports in the food dependent countries. 

Furthermore, Morgenthau (1978), notes that in the early 1970's food 

crises preceded the coup de'tats in the African nations of Mali, Niger, 

Chad and Ethiopia. Lack of adequate food supply also troubled the go-

vernment of Nigeria. And in Ghana, in the late sixties, an increase in 

food costs preceded the fall of president Kwame Nkrumah. 

It is because of the limitations inherent in all of the .. aforemen-

tioned approaches that the utilization of selective hedging strategies 

in the U.S. Commodity Futures Market is proposed as an alternative stra-

tegy for national food security for an LDC. 
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Footnotes 

(1) Dams, T., et al., Food and Priorities in Decision Making, P· 4. 

(2) Ibid, P• 6. 

(3) Ibid. P• 8. 



Chapter II 

INDIA - A CASB IN POINT 

The reasons for the decision to use India as the country for our 

case study in this investigation should be quite obvious. First, India 

with its 1979 population figure of 667,326 million people is the second 

most populous nation on earth. Only the Peoples Republic of China with 

a population figure of some 1,012,197 billion inhabitants exceeds India. 

Secondly, India with a total land area of about 810 million acres, is 

the seventh largest country in the world. Third and most important, in 

a study of this kind involving a developing country, India was selected 

because of the availability of relevant data. 

II .1 THf Sll:TTING 

India, also known as Bharat, is located in a southern peninsula of 

the Asian continent. Situated entirely in the northern hemisphere, In-

dia covers an area of 3, 26 7, 500 sq. km. with a coast line of 5, 700 km. 

Indeed, India may well be called a sub-continent. Colonized by the 

British around the middle of the nineteenth century, India gained its 

Independence from England in 1946. 

P. C. Bansil (1975, p. 9) n6tes that the average rainfall in India 

is about 112 cm. with a variation from as much as 12. 5 cm in the desert 

areas of Rajeasthan to nearly 1, 270 ems in the hills of Assam. This 

20 
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rainfall is highly erratic and variable from year to year and its defi-

ciency has been largely responsible for several famines and droughts 

which have occurred in several parts of India. 

Climatically, the Indian ,subcontinent is a part of the vast monsoon 

area of Asia and exhibits a more perfect form. of monsoonal control than 

any other part of the region. Technically, the term monsoon applies to 

the reversal of winds which takes place throughout the monsoon area and 

which divides the area, climatically, into two distinct periods viz. 

Southwest and Northeast monsoon. The significance of the monsoons, in 

an agricultural country like India, is that it plays an important part 

in the economic life of the people. Historically, the rainfall of India 

had definite periodicity due to the monsoonal control and for this rea-

son, the climatic year is divided as follows: 

a) Southwest monsoon - Mid-June to Mid-.September, general 
rains - Mid-September to December, retreating monsoons. 

b) Northeast monsoon - January and February, cold weather sea-
son - March to. Mid-June, hot weather seasonl 

II. 2 POPUI,.ATION OF INDIA 

To make a statement to the effect that "India has a lot of people" 

would be a grave understatement. The greatest strain on the.economy of 

India, in attempting to raise the standards of living among all of its 

people, is the sheer number of people that the economy has to sustain. 

As R. H. Cassen { 1978) observes, "... it would be absurd to deny that 
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population growth has made India 1 s difficult economic situation even 

more difficult -- and this would have been so whatever the policies the 

Indian Government followed. 11 2 

A demographic discussion is almost incomplete without mention of 

Thomas.Robert Malthus, the son of an eighteenth century gnglish clergy-

man. To date, Malthus is still credited with the most famous theory 

about the dynamics of human populations. The theory is known as the 

Malthusian theory of population, first published in 1798. The thrust of 

the theory can really be found in the rather familiar proposition that 

population, when unchecked, increases in a geometrical ratio. However, 

subsistence i.e., agricultural food output, increases only in an arith-

metical ratio. From this it followed that the numbers of people would 

ultimately outstrip the available means of food support. The cutting 

back of the growth of population by food-shortage was the essence of 

what Malthus called "the positive checks". The two working assumptions 

behind this argument were: (a) that food supply could not be made to 

grow faster hy technical improvements, and (b) that population growth 

would not be limited by means other than starvation. 

However, subsequent events in nineteenth Century Europe and else-

where proved both assumptions to be false. With the death rate declin-

ing and prosperity gradually rising, the birth rate eventually began to 

fall. The modern era of low rates of population growth brought, in the 

beginning of this century, a reasonable rise in the standards of living 
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for the majority in the developed countries. A more subtle version of 

the Malthusian theory still remains for India and many other poor devel-

oping countries based on twentieth century evidence. 

In India, the first census was taken from 1867-72. On the basis of 

its evidence and supplementary observations, the 1871 Indian population 

was estimated at about 209 million. Caution must be exercised in inter-

preting the reliability of this figure since even the far more sophisti-

cated censuses of today are not a hundred percent accurate. In addi-

tion, in those earlier days, there was under-reporting of female 

children, invention of non-existent sons, and as some demographers main-

tain, inclusion of domestic cattle as countable members of the house-

hold. It must be stressed that even though demographers believe the 

first censuses to have been under-estimated by some 12 million people, 

further problems are created by the fact that the territory then enumer-

ated was not the India of today. Too, even for 1871 India, some regions 

were omitted by count.3 

Tables l and 2 record pertinent data. Perusal of Table 1 reveals 

some interesting things. First, the period 1871-1921 shows an era of 

unsteady growth with one decade of actual decline, and an accelerating 

growth rate from 1941-71. The drop in population figures alluded to 

above can be contributed to the numerous £amines which occurred in India 

during that period along with the influenza epidemic of 1918. In point 

of fact, from the period 1900-1919, there were 200 recorded outbursts of 
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famine in India with an estimated mortality figure of 14.05 million. In 

1918:-19 alone, the frequency of famines in India totalled 150, with 10 

million deaths.4 

As used above, the term famine, according to the Oxford Dictionary, 

means "extreme scarcity of food". The affected area may be a district 
• 

or a larger unit. The scarcity can arise from floods, droughts, pesti-

lence or some other natural calamity or through man-made arrangements 

(e.g., restrictions on movement, cornering of stocks, high prices). 

Whatever the cause, whenever a large number of people are suffering from 

starvation, famine conditions exist. 

Returning to Table 1, the total growth from 1871 to 1941 was 52 

percent. Using a slightly different phraseology, during the fifty years 

from 1921 .to 1971, India's population grew by 118 percent, compared with 

the seventy years of rapid growth in the British Isles from 1821-91 when 

the population grew by only 79 percent, or Japan which took seventy, not 

fifty, years to grow by 120 percent between 1879, and 1940. Table 2 re-

veals some of the empirical estimates. 

After reading the rate of growth figures from Table 2, the initial 

reaction from those familiar with population growth figures from other 

developing countries might be -- so what? These growth .rates are compa-

rable to other developing countries. Indeed, in terms of rate of growth 

vis a vis growth in absolute numbers, India is relatively modest by the 

standards of many countries of Africa and Latin America where annual 

rates of 3 percent and more are quite common during the same period. 
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+----------------------------------------------------------------------+ 
Table 1. Population of India 1871-1971 

Year Population (millions) 

1871 209.1 
1881 210.9 
1891 231.4 
1901 238.4 
1911 252.1 
1921 251.3 
1931 279.0 
1941 318.7 
1951 361.l 
1961 439.2 
1971 547.8 

+----------------------------------------------------------------------+ 

Source: Gassen (p. 7, 1978) 
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+----------------------------------------------------------------------+ 
Table 2. India's Midyear Population Estimates artd 

Average Annual .Period Growth Rates: 

Year 

1960 
1961 
1962 
1963 
1964 

.1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 

1960 to 1979 (.Population in thousands, 
rate in percent)6 

Average Annual 
.Population .Period Growth Rate 

445,857 1950-55 1.8 
454,946 
464,230 1955-60 1.9 
473,850 
484,027 1960-65 2.1 
494,882 
506,005 1965-70 2.2 
517,457 
529,200 1970-75 2.2 
541,296 
553,619 1975-79 2.0 
566,180 
578, 712 
591,328 
603,797 
616,551 
629,760 
642,552 
654,895 
667,326 

+---------------------'----------------------------------------------"---+ 

Source: U.S • .Bureau of the Census, 1979. 
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However; in ~bsolute terms, the growth of India's population is de-
, , , 

cidedly impressive. The fifty years after 1921 added almost 300 million 

people to I.ndia' s population (Table 1). More than 100 million of those 

arrived in the ten years prior to the 1971 census. !t is this momentous 

absolute rise in numbets, currently occurring at a rate -of 12 million 

additional_ people a ye4r, that should give new cause for concern [World 

:Bank, 1978]. 

Factors affecting the rate at which a population grows are the fer-

tility and mortality rates. Definitively, fertility is a measure of the 

number. of live children born to individuals, couples or populations. 

The most coti:imon measurementsused are the General Fettility Rate and TO".'" 

tal Fertility Rate defiiled as fo'ilows: 

(a) G~neral Fertili,ty Rae·e: The n~mb~r ·of live-births' per 
1000 wqmen of reproduc~ive age. 

(b) Total Fertility Rate! The. total number of children born 
to women who live through the reproductive period, generally 
taken to be from the ages 15-44 or 15'-49. 

More precisely, it is the mean parity of women passing through the re-

productive period ·and experiencing the given age specific fertility 

rates at each .age assuming rto mortality until trye end of th,e reproduc-

tive period, Casseri (p. 342). Values of between 5-7 are high values; 

1.5,,..3 low values. Mortality is the liability to death in. a population. 

The word is often -used 'interchangeable. with the. Grude Death Rate.· 

, , 

The discussion fo this point leads to a most logical and sequerttial 

question: Why has India continued to grow so prolifically in absolute 
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numbers over the years? It is a difficult question to answer and diffe-

rent investigators offer different, sometimes amusing, explanations. 

Cassen (p. 51), explains it quite well. He notes 11 ••• fertility has its 

basis in history - a response to past high levels of mortality. If it 

has not. declined much· in the recent past, that is because a number of 

other contributory factors continue to favor high fertility: the age at 

marriage is low; Hindus need sons to light their funeral pyres; various 

religions in India, while not prohibiting contraception, may give a dis-

position to high fertility; parents need children to look after them in 

old age; parents often see immediate economic or social advantage in 

large families. And in situations where life offers little but hardship 

to the majority, sexual pleasure and the joy children can bring are one 

of the few sources of satisfaction. Other factors tend to reduce fer-

tility but fertility is dominated by traditional attitudes and percep-

tions of supposed advantage. While there is some excess of births over 

those desired by parents, perhaps considerable in some sections, it is 

not the case that most parents are having vastly more children than they 

desire and are only waiting for the family Planning Programs to save 

them from unwanted burdens." 

Historically, declining mortality rates have contributed to the ra-

pid increase in Indian population which actually began in the early-

1960' s. After the second World War, and especially in the 19SO's and 

early 1960's, India experienced the great public health campaigns which 

greatly reduced deaths from major diseases -- notably cholera and mala-
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ria. It is estimated that. there may have been as many as 100 million 

persons suffeJ;ing from malaria in India at any time in ~he 193,0's. By 

1965, ~his figure was below 200~000.5 

The rather. early age at which most Indians are perniitted to. marry 

may have contributed to the high fertility rates. In 1920, the average 

age fo.:r marriage ·in India was · 15. 29; it increased over the next forty 

years to 16.49 years. by 1960. ·In 1971, the average age at marriage for 

females was 17 .1; for males the figure was 22. 5 years. Since 1886., au-

thorities have tried to raise the minimum age for legal marriages but 

substantial progre.ss has not been forthc0JI1ing. Cassen (p. 52), writes 

that in 1'972 he watched a wedding taking place in. full view of any pas-

ser-by -- ,the groom was 12 years old and the bride a. 

Other common explanations of the high fertility is the alleged pre-
. . ' . 

ference of Indian parents for male children. The son can improve his 

father's fate in the afterworld by performing certain rites after his 

death. However, some investigators have pointed out· that the perfor..,. 

mance of the.se rites can be carried out by someone other than a son and 

in any case is not important among many Indians, especially the poor, 

.cassen (p. 54). · .. 

A.World Barik report (1978, p. 141),notes that the Indian trend of 

fertility over the decade of the 1960' s was down. At the beginning of 

the 1970 decade, India had. a birth rate of ·45-44, or a Total Fertility 

Rate (TFR) of 6.4-6. 6 which represents a decline of about 4 points of 



30 

the Crude Birth Rate (CBR) between 1961-71. Most of the decline is at~ 

tributed to the considerable advances in family planning which occurred 

after 1965. Some of the decline is explained by the modest rise in the 

age- at marriage. 

!he most recent data on current fertility estimates, .as reported by 

the Bank, are from figures supplied by authorities within the Indian Go-

vernment, authorities whom the Bank acknowledges as historically report-

ing underestimated demographic figures. Those CBR figures for 1970-74 

are as follows: 36.8, 36.9, 36.6, 34.6 and 34.5. For 1978, the Bank 

estimated a CBR of 37. 

The level of Indian fertility, although high in comparison with 

that of most developed countries, is not really high by the standards of 

other LDC's. Consider Table 3, fromWorld Bank (1978, p. 142.). 

On the question of mortality, India has been experiencing a decline 

in its level of mortality. In 1921, the World Bank 0978, p. 145), 

notes that the estimated life expectancy for an Indian was about 25 

years. In the late 1970's, it was estimated to be at 45.7-49.6 years 

for males and 45-47.5 for females. Historically, the life expectation 

situation was as follows: 

Period 

1941-50 
1951-60 
1961-70 

eo (Life gxpectation) 

32-33 
37-38 
45-47 
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+----------------.-------------------------~----.------------------------+ 

Table 3. Comparative Figures on Fertility and Birth 
Rates Between India and Other LDC's 

Country Year TFR C.BR 

.Bangladesh 1974 7.08 49 
India 1966-70 6.1 41-42 
Iran 1970 6.8 45 
Nepal 1970 6.1 43 
Pakistan 1970 6.8 43 
Sri Lanka 1970 4.4 31 
Thailand 1970 6.6 42 

+----------------------------------------------------------------------.+ 

Source: World Sank (p. 142, 1978) 
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The progress in declining death rates after 1941 was largely 

through pest disease eradiction programs and communicable disease con-

trol. Most of these campaigns did not depend greatly upon the active 

participation of the population themselves. As such, the Bank notes 

that the resulting mortality decline need not necessarily have been as-

sociated with corresponding declines in mortality or socio-economic i.m.,. 

provements. The Bank finds no current indications of improvements in 

general levels of nutrition, hygiene and sanitation. 

Recently, however, there are signs of the resurgence of some di-

sease, noticeably malaria previously considered under control. In 1965, 

only 200,000 persons were reported as suffering from malaria. By 1975, 

the figure had jumped to 4.4 million sufferers, and WHO (World Health 

Organization) estimates this figure t.o have climbed to 12 million cases 

in 1980 (World Bank, 1978). These events explain why the decline in 

mortality during the latter half of the 1961-71 decade was not as fast 

as those of the post 1941 period. 

Cassen (p. 114} rtotes that his investigations le.ads him to conclude 

that mortality today in India has reached a plateau around which it 

fluctuates. Further, there seems to be little or no downward trend and 

if there were one, it would be difficult to explain. He concludes also 

that with no major progress in the extension of medical facilities or 

other services "conducive to better health and the end - for the time 

being - of the mortality decline due to. control of quantitatively impor-
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tant communicable diseases, the trend in mortality now depends to a 

large extent on the availability and distribution of food''. 

II.3 THB FUTU.RB POPULATION OF INDIA 

The task of projecting future population growth for any country is 

difficult. Different results are obtained depending on judgments about 

the directions of perspective rates of fertility and mortality. No-

netheless, the World .Bank has projected India's future population to the 

year 2001 based on various assumptions as to the movements of the rates 

of fertility and mortality. The respective assumptions were made in 

light of the following events: 

1. The 1976 family planning activities embarked upon by the govern-

ment with some considerations for the impact of similar activi-

ties on the.decline of the birth rate during the 1961:-71 period. 

2. The effectiveness of the sterilization programs which between 

1961-62 - 1975-76 had sterilized ovei 17 million Indians.6 The 

Bank (1978) however, notes that this ·figure may be inflated and 

also points to the fact that in 1976, a large proportion of those 

sterilized consisted of men and women who had nothing to lose by 

submitting to sterilization, e.g., widows and widowers, those 

whose families were long since complete, and those who were af-

fected by primary or secondary sterility. 

3. Recognizing the fact that the declines in mortality which occur-

red in the 1950's and 60's were attributable mainly to the con-

trol .of communicable diseases. 
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4. While acknowledging room for further mortality declines, the Bank 

is not sure from which source they are likely to come. They 

question the possibility of declines coming from gains in infant 

and child mortality due to slow progress iri vital medical servic-

es. 

In light of the above events, the Bank ( 1978) makes three varying 

fertility assumptions and two for mortality viz., (1) continuation of 

recent fertility trends in combination with a slow mortality decline, 

(2) the same fertility decline with constant mortality (for comparison 

only), (3) a faster fertility decline with a fairly rapidly declining 

mortality, and (4) incorporating a fertility decline which is intermedi-

ate between "past trends" and the very fast decline of assumption (3), 

and a medium mortality decline. With these assumptions, four projec-

tions are made about India's future population. Consider Table 4-7 

World Bank (1978, pp. 153-155) • 

While the growth rates in projection (1) are the highest, the scen-

ario can not be ruled out as a practical possibility, especially if. the 

family planning activities were to become as excessive as the 1976 drive 

when a large proportion of those s1terilized were .by nature those whose 

sterilization could not significantly reduce the Crude Birth Rate (CBR). 

Should this be the case, then only the failure of mortality to fall 

could prevent the population from growing at such high rates. 
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+-----------------------------------------------------------------------+ 
Table 4. Projections for India's Population, Crude 

Birth Rate, Crude Death Rate and Annual 
Growth Rate - 1971 - 2001. 

Projection (1) using the assumptions of: (a) medium fertility de-
cline and (b) slow mortality decline. 

Years 1971 1976 1981 1986 1991 2001 

Tot. Pop. 557.3 619.2 681.8 745.2 808.1 921.2 (million) 

1971-75 1976-80 1981-85 1986-90 1991-2000 

Crude .Birth Rate 
(per 1,000) 38.1 35.2 33.0 30.7 26.5 

Crude Death Rate 
(per 1,000) 17.0 16.0 15.2 14.5 13.4 

Annual Growth Rate 
(per 1,000) 2.1 1.9 1.8 1.6 1.3 

+--------------------------""'.'--------------------------------------------+ 

Source: World Bank (1978) 
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+----------------------------------------------------------------------+ 
Table 5. Projections For India's Population, Crude 

Birth Rate, Crude Death Rate and Annual 
Growth Rate - 1971-2001 

Projection (2) Us;i.ng the Assumptions of: (a) Medium Fertility De-
cline and {b) No Mortality Decline 

Years 

Tot. Pop. 
(mil) 

1971 · 1976 1981 1986 1991 2001 

557.3 617.1 675~2 731.6 784.7 869.3 

1971-75 1976-80 1981-85 1986-90 1991-2000 

Crude Birth Rate 
(per 1,000) 38.1 35.4 33.3 31.0 26.9 

Crude Death Rate (per 1,000) 17.1 17.4 17.2 
16.6a 

Annual Growth Rate 
(per 1,000) 2.0 1.8 1. 6 1. 4 l.o 

17.0 

+-------------~--------------------------------------------------------+ 
a = The CDR is declining as a result of changing age distribution, 

life expectancy is constant as assumed. 

Source: World Bank (1978) 
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+..;..------------------..-------,---------------;...------------------,...----------+ 
Table 6. Projections for India's Population, Crude Birth 

Rate, Crude Death Rate and Annual Growth Rate, 
1971-2001 

Projection (3) using the assumptions of: (a) ultra-fast fertility 
decline and (b) fast mortality decline. 

Years 1971 1976 1981 1986 1991 2001 

Tot. Pop. 557.3 619.2 673.0 720.0 759.7 859.2 
(mil.) 

1971-75 1976-80 1981-85 1986-90 1991-2000 

Crude .Birth Rate 
(per 1,000) 36.8 30.0 25.0 21.1 21.8 

Crude Death Rate 
(per 1,000) 15.8 13.4 11. 6 10.4 9.5 

Annual Growth Rate 
(per 1,000) 2.1 1. 7 1.4 1.1 1.2 

+-------------------------;...--------------------,...-----------------------+ 

Source: World .Bank (1978) 
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+-------------------------~--------------------------------------------+ 

Table 7. Projections for India's Population, Crude 
Birth Rate, Crude Death Rate and Annual 
Growth Rate - 1971-2001 

Projection (4) Using the Assumptions of: (a) Medium- Fast Fertil-
ity and (b) Medium-Fast Mortality Declines 

Years 1971 1976 1981 1986 1991 2001 

Tot. Pop. 557.3 617.6 676.9 735.3 791.4 885.5 
(mil.) 

1971-75 1976-80 1981-85 1986-90 

Crude ·sirth Rate 
(per 1,000) 36.8 33.0 30.0 27.2 

Crude Death Rate 
(per 1,000) 16.3 14.7 13. 5 12.5 

Annual Growth Rate 
(per 1,000) 2.1 1.8 1.7 1.5 

1991-2000 

22.4 

11. 2 

1.1 

+-----------------------------------~----------------------------------+ 

Source: World Bank (1978) 
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Though the demographic changes implied in projection (3) are desi-

rable, the fertility and mortality reductions involved are quite ambi-

tious. Since a gain in life expectancy as implied by a fast mortality 

decline would require a considerable deployment of new forms of heal th 

services (not to mention the new forms of redistributive economic 

growth). A great portion of India's health resources would, of necessi-

ty, be pre-empted for the family planning work on which the assumed fer-· 

tility decline is predicted. In terms of the relationship. between 

births and deaths, projection (4) is 11balanced optimism" i.e., it con-

siders rate of fertility decline accelerated by comparison with recent 

trends, and a mortality rate which would reflect a respectable achieve-

ment in improved living standards and health conditions (World Bank, pp. 

150-163). 

Parenthetically, though, in view of the mid-year population figure 

for 1981, of 684 million, it would appear as if the assumptions in pro-

jection (1) are more realistic (Washington Post September, 1981}. 

II.4 AGRICULTURAL PRODUCTION IN INDIA 

Agricultural production in India is an ancient activity. Recent 

research conducted in Asia, Australia and America has established that 

agriculture in India began about 7500 B.C. (Bansil 1975, p. 417). 

It is estimated that 40 percent of India's geographical area is 

sown to crops. Seventy percent of this area is sown to food grains, the 
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rest to cash crops of which oilseeds, cotton, sugar and jute are the 

most important (!HO, 1976) • With about 70% of its national labour force 

engaged in agriculture, India is an agricultural economy (B. R. Shenoy 

1974, P• 146). 

Historically, Indian agriculture was dominated by subsistence farm-

ers until about the mid-nineteenth century. Basic foods were produced 

for direct consumption. There has been some commercialization of some 

basic foodstuff on a small scale. As a matter of fact, it is asserted 

that around 1880, India was a net exporter of wheat with an annual vo-

lume of about one million tons. Most of this wheat came from northern 

India, the area which is now called Punjab, (W. Malenbaum, 1971, p. 32). 

Under British colonialization, Indian agriculture was devoted pri-

marily to commercial crop production at the expense of food grains. The 

American Civil War, which resulted in the embargo of American cotton and 

the growth of a modern textile industry in India, led to the creation of 

new markets for the British. Between 1860-64, Indian exports of raw 

cotton to Britain more than doubled. In the Deccan Districts of Bombay, 

raw cotton output increased as did tea in Assam, and jute and indigo in 

Senegal (Malenbaum, 1971). 

Malenbaum (1971), observes that u ••• systematic data for all cash 

crops show more than a doubling of output from 1900 through the time of 

independence. For British India, growth of comparable rates (close to 2 

percent each year) can be traced from 1890-91. Cotton, tea and ground-
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meats were notable in this nori-foodgrains expansion, the £irst two pro-

ducts showing very rapid increases until World War I. The data also 

suggest that in an earlier period, from 1850 to 1860 perhaps, some of 

these crops, plus indigo, jute, and various oilseeds, were already re-

cording rapid growth." 

While cash crops were experiencing growth in production, output of 

foodgrains may have actually declined absolutely over the fifty years to 

indepertdence or at most it remained stagnant. Available estimates re-

veal that while total crop output expanded by less than 20 percent bet-

ween 1891-1895 and 1941-45, foodgrain production increased by ortly some 

1 to 2 percent with commercial crops increasing 90 percent (Malenbaum, 

1971). 

P. Bansil (1975), observes that between 1900-1945 while the Indian 

population increased bynearly 38 percent, the gross area sown increased 

by only 18•4 percent. The area under foodgrains, however, increased 14 

percent with wheat increasing 14.6 percent (consider tables 8 and 9). 

Agricultural productivity in India is low. As a matter of fact, 

the per capita productivity of Indian agriculture for the first 50 years 

of this century was on the decline. Only since independence, in 1946, 

has there been a slow upward trend. B. R. Shenoy 0974, p •. 170), attri-

butes the low agricultural productivity/development to several factors 

viz., (1) the technological limitations or deficiencies in respect of 

seeds, fertilizers, soil culture, and management (including conservation 



Table 8. Gross Sown Area of Indian Agriculture Under Food and Non...;Food Crops 
(Quinquennial Averages 1900-01 to 1954-55) 
In Million Index Figures With 1900,..-01 to 1901-05 As Base 

Gross Sown: Area 
·Food CroEs Non...:Food CroEs Total. 

Qllinquennium Acres Index Acres lndex Acres· Index 

1900-01 to . 1 Q4-05 231.0 100.0 46.2 lll.O 277.2 100.0 
1905-06 to 109-10 241.8 104.7 51.4 lU.3 293.3 105.8 
1910:...u to '14-15 248.6 107.6 55.7 120.6 304.3 109.8 
1915-16 to '19-20 . 249. 3 107.9 52.4 113.4 301.7 - . 108. 8··· 
1920-21 to 1 24-25 247.4 107.1 62.5 135.3 310.0 111.8 
1925-26 to '29-30 247.5 107. l 62.5 135.3 310.0 111.8 
1930-31 to '34-35 257.0 lll.3 61.2 132.5 318.2 114.8 
1935-36 to '39-40 254.6 110.2 64.9 140.5 319.5 115. 3 
1940-41 to '44-45 262.8 113.8 65.3 141.3 328.1 118.4 
1945..;.46 to • 49...;50 231.0 43.7 274.7 
1950-51 to '54-55 256.8 54.5 31l.3 

Source: Bansil, P• 49, 1975 

~ 
N 



Table 9. Historical Quniquennial Changes in Agricultural Production 
and Area of Selected Crops 1935-50 

Percentage Increase (+) or Decrease (-) Over 
1935-L•O 1940-45 1945-50 

Crop Area Output Area Output Area Output 

Rice +12 .2 7.8 +17.4 5.8 + 4.6 + 2.2 
Wheat +33.5 + 30~4 + 34.6 + 31.6 + 0.8 0.9 
Jowar + 6.9 8.9 + 10.8 5.1 + 3. 7 1.2 
Bajra - 4.1 6.2 + 22.2 + 25.0 +27 .4 - 33.3 
Barley -11.2 - 25.0 5.0 - 21.9 + 7.0 + 4. 1 
Maize Nil - 10.4 + 5.0 3.4 + 5.0 + 7.8 
Gram +22. 7 + l~. 9 + 13.3 2.4 - 7.7 7.0 
Food Crops +11.8 7.2 + 17.4 + 0.5 + 5.0 + 2.8 
Sugar Cane +44.4 +112.0 + 59.3 +128.0 +10.3 + 7.6 
Cotton +46.7 + 91.lt + 24.2 + 65.7 -15.3 - 13.4 
Jute +52.2 + 37. l + 26.l + 17.l -17.l - 14.6 
Tea +60.0 +111.0 + 60.0 +156.2 Nil + 21.4 

Source: Bansil, p. 420, 1975 

~ w 
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measures to prevent soil and preverttives to water logging), irrigation, 

weeding, crop rotation, and pest control;. (2) shortages or delayed arri-

vals of input supplies; (3) insecurity of land tenure, which prevents 

peasant farmers from getting deeply interested in long term land im-

.provement measures; (4) poor transport and communications; (5) ineffi-

cient or inadequate storage and marketing facilities; (6) unduly high 

interest rates on farm loans; (7) exploitation by middlemen and food 

grain traders; (8) wide price fluctuations, regional and seasonal; (9) 

fragmentation of land; (lQ) population pressure; and (11) the human fac-

tor, including illiteracy, fatalism, inertia, belief in the sanctity of 

cattle and other subjective attributes of Indian agricultural entrepren-

eurs (farmers and peasants) and farm labourers • 

.Bansil (1975) acknowledges the high frequency of droughts and 

floods in India as contributing factors to the low agricultural produc-

tivity. Available data show that between 1952-53 - 1971-72, there were 

19 outbursts of droughts and flood, once each year with the exception of 

1953-54. The most pervasive (nationwide), occurred in the years 

1957-58, 1962-63, 1965-66, - 1966-67, 1968-69 and 1971-72. .Bansil com-

ments" ••• floods are growing in frequency, dimension and intensity be-

cause of unchecked erosion caused on hilltops and over the whole country 

by reckless destruction of forests, denudation ·of vegetation and un-

checked sheet erosion. The fury and erratic explosion and frequency of 

floods emanating from the Himalayas and Vindhyas have increased espe-

cially since the Second World War because of short-sighted and unabated 
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destruction of tree-wealth for purposes of fuel, timber, railway sleep-

ers and agricultural purposes." 

Cassen (1978, p. 258) states that, " ••• when bad crop years have oc-

curred hitherto they have been due to two causes: drought or floods. 

There is some partial evidence of a worsening of rainfall trends over 

the last twenty years, possibly as part of very long swings in rainfall 

cycles related to such distant causes as changes in the polar ice-cap. 

There is also some evidence that the extent and frequency of flooding 

have been increasing. The latter may have something to do with man-made 

causes. In North India, at least, the floods are commonly the result of 

an excessive rate of flow in the major rivers which are in turn partly 

related to deforestation in the Southern Himalayas and elsewhere. The 

reduction in ground cover accelerates the flow of water down the slopes. 

Whether the observed reduction iri average rainfall in some places is 

alSo due to the depletion of soil cover by over-grazing and deforesta-

tion is altogether. more contentious; but if rainfall is worsening, for 

whatever reason, the outlook is grim." 

A corollary to the drought problem is .. the resultant insecure water 

supply which significantly affeets the responsiveness of both the old 

and rtew varieties of food grain crops, especially when fertilizers are 

being used. It is estimated that of a total of 138 million hectares of 

land under cultivation in India, about 82 million have good irrigation 

potential. Yet, by the end of 1974, only about 43.5 million hectares 

were actually irrigated (Cassen, p. 264). 
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As did .B. R. Shenoy, Cassen also points to the inhibitory nature of 

the l.and tenure system on Indian agricultural productivity. The problem 

is that where land is held on a share cropping tenancy and the landlord 
/ 

does not share the costs of production, the tenant either has little in-

centive to raise productivity or, even if he has, there is the problem 

of inadequate resources and access to credit with which to do it. And 

in India, it is estimated that the amount of land held in tenancy is 25 

percent of all cultivated land and the proportiOn of tenancies which are 

of a character Q.etrimental to productivity is believed to be large, if 

diminishing (Cassen p. 265). 

As alluded to earlier, India at one time was a net exporter of food 

grain. However, according to the 1951 census, in the year 1921, India 

became a net importer of food grains. In point of fact, since 1946, 

there has not been a single year when India did not import food. The 

emergence of India as a net food importer (rice), prior to 1942, was due 

to the shrinkage in her export of wheat. The situation was that before 

the Japanese takeover of Burma in 1942, that country fox-med part of In-

dia. As a result, India's year-to-year imports of rice or exports of 

wheat did not bear any relation to its production levels since the sur-

plus rice from.Burma, having no demand anywhere else in the world due to 

its poor quality, found a market in India. .Bansil (1975), observes that 

the Burma rice was sold in India below prices commanded by Indian rice. 

Thus, annual changes in the import of Burma rice was determined by the 
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current prices in both India and Burma. And with the world glut of 

wheat, at the time, the Indian'wheat export business was becoming a los-

ing business venture (consider Tables 10 and 11). 

The figures in Table 11 show that prior to 1953, food imports were 

never less than two million tons. After 1953, there was a sharp decline 

in imports to only O. 7 million tons. Two very important facts are not 

revealed in the tables i.e.' (1) during au these years, the food im-

ports were comprised mostly of wheat, and (2) between 1944-45 to 

1953;...54, food production in India increased from 43 million tons to 55.7 

million tons, respectively. This represented an increase of about 28 

percent. Population, on the other hand, rose by 16 percent during the 

same time period. Contrast this to the previous · 25 yeaJ;s ., 1921..;l 945, 

when population increased by 38 percent and food production remained 

stagnant. Food impor-ts by India were not more than a million tons dur-

ing 1921-1945. However, when food production increased just at twice 

the rate of population growth, India had to double and even quadruple 

her imports of food grain. gxplains Bansil (1975, p. 425), '' ••• with in-

adequate statistics of per capita carry-over of stocks, and even the 

food output, all that one can infer is that in India the population has 

considerable adjustability in the total consumption of food grains and 

that with increased purchasing power placed in the hands of .a large sec-

tion of people by the post-war development programme, a section other-

wise vulnerable to food shortages increased its food consumption." 
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+------------------------~---------------------------------------------+ 

Table 10. Quinquennial Average of India Foreign Trade in Food 
Grains - 1920-21 - 1944-45 

Quinguennial-Avera~e Im:eort Bx:eort ~et Import 
(Million Tonnes) 

1920-21 to 1924-25 1. 2 1.0 0.2 
1925-26 to 1929-30 1.6 0.8 0.8 
1930-31 to 1934-35 1.8 0.6 1. 2 
1935-36 to 1939-40 2.1 0.7 1.4 
1940-41 to 1944-45 0.8 0.4 0.4 

+--------------------------------------------------------------~-------+ 

Source: Bansil (p. 423, 1975) 
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+--.;..---------------------------,-----------------------------------------+ 
Table 11. India Net Imports of Food Grains, 1947-55 

Year Net Import 
(Million Tonnes) 

1947 2.3 
1948 2.8 
1949 3.7 
1950 2.1 
1951 4. 7 
1952 3.9 
1953 2.0 
1954 o.s 
1955 o. 7 

+----------------------------------------------------------------------+ 

Source: Bansil (p. 424, 1975) 
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Historically, India's food grains imports have been primarily in 

terms of whe.;it, not rice importations from the United States. Consider 

tables 13, 14 and 15. 

As is evident from tables 13 and 14, as a share of total food grain 

imports, wheat vis a vis rice is the signficant commodity. At least 

four reasons can explain this fact: (1) the share of wheat in the Indi-

an total consumption of cereals has been rising continuously since the 

1950's from 17.8 percent to 30.8 percent in the 1970's. This increase 

in wheat consumption has occurred primarily at the expense of coarse ce-

reals. In the 1950 1 s, coarse cereals accounted for 34.9 percent of to-

tal cereal consumption • .By the 1970's, it had declined to 22.5 percent. 

This substitution effect is most predictable since as incomes move from 

their substandard levels, there is a tendency for consumption to shift 

from coarse cereals to the fine cereals viz., wheat and rice (Shenoy P• 

154); (2) estimated income elasticities are higher for wheat than rice; 

(3) in terms of financing a deficit, rice is generally twice as expen-

sive as wheat; and (4) There is only a small possibility that the world 

will succeed in producing the additional amount of needed exportable 

rice, whereas additional supplies of wheat are readily forthcoming from 

the major grain exporting countries (World .Bank, 1976, p. 25). 



Table 13. 7 India Wheat Trade 1960-61 to 1979-80. 

Cons ump-
Year Area Begin Total Total ti on IMP TOT TOT 

Harvest Stocks Prod Imports Exports Total Fr U.S. IMP EXP 
(1000 (1000 (1000 (1000 (1000 (1000 (1000 (1000 (1000 
HE<':T) MT) Mr) MT) MT) _MT) MT) MT) MT) 

1960-61 13 ,380 2,400 10,320 4,398 14,218 3,355 3,826 
1961-62 12,927 2,900 10, 995 2,798 13,893 2,549 2,871 
1962-63 13,570 . 2,800 12,076 3,546 14,822 3,550 3,886 
963-64 13,590 3,600 10,779 4,275 16,054 4,438 4,284 
1964-65 13,499 2,600 9,854 5 ,977 16,531 5,876 6,531 
1965-66 13.422 1,900 12,258 7,157 18, 115 7' 137 7 ,645 
1966-67 12,572 3,200 10, 394 8,030 19, 324 4,528 . 6 '576 
1967-68" 12,838 2,300 11, 393 6,393 17. 786 5,628 6,533 \.Jl 

....... 
1968-69 14,998 2,300 16 ,540 4,355 l 19,294 2,303 3,801 1 
1969-70 15,958 3,900 18,651 3,188 14 21,725 2,539 3,039 25 
1970-71 16,626 4,000 20,093 2,927 13 22,007 1,391 2,309 4 
1971-72 18,241 5,000 23,832 1,749 5 23,576 932 1,609 230 
1972-73 19,139 7,000 26,410 502 667 28,245 382 1,014 440 
1973-74 19,463 5,000 24,73S 3,243 30,178 1,620 3. 6411 
1974-75 18,583 2,800 21, 778 4,970 27,048 3,834 5,656 
1975:-76 18,010 2,500 24' 104 6,900 27,004 S,060 6,660 
1976-77 20,454 6,500 28,846 5,066 28,412 2,4Sl 3,804 
1977-78 20,922 12,000 29 ,010 298 371 30,937 3S1 487 606 
1978-79 21,456 10 ,000 31,749 100 700 33,649 2S 100 700 
1979-80 22,220 7,SOO 34,982 so 900 35,582 so 400 

Source: USDA...;. Foreign Agricultural Service - "Foreign Agriculture Circular" 



Table 14. 8 India Rice Trade 1960-61 1979-'80. -
Cons ump-

Area Rough Begin Milled Total Total tion IMP TOT TOT 
Year Harvest Prod. Stock Prod. Imports Exports Total Fr U.S. IMP EXP 

(1000 (1000 (1000 (1000 (1000 (1000 (1000 (1000 (1000 (1000 
HA) MT) MT) MT) MT) MT) MT) MT) MT) MT) 

1960-61 34' 128 52 ,011 34,639 401 67 34,973 194 384 
1961-62 34,694 53,785 35,821 403 2 36 ,222 189 391 
1962-63 35,695 50,084 33,356 510 5 33,861 298 481 3 
1963-64 35,809 55,523 36,978 635 3 37 ,610 320 633 3 
1964-65 36, l162 58,998 39,293 726 3 40,016 2lil1 726 3 
1965-66 35,470 45,929 30,589 785 3 31, 371 60 785 2 
1966-67 35, 251. 45,703 6,500 30,438 455 32,893 3 455 '• 1967-68 36,437 56,474 4,500 37,612 446 37,058 446 3 
1968-69 36, 96 7 59,701 5,500 39,761 487 15. 40,033 103 487 15 VI 

N 

1969-'70 37,680 60, 706 5, 700 40,430 206 27 41,309 206 27 
1970-71. 37,592 63,401 5,000 42 '225 307 20 41,512 83 240 13 
1971-72 37,758 64,667 6,000 43,068 133 90 43,461 22 131 JL1 
1972-73 36,688 58,926 5,650 39,245 10 40,785 8 
1973-74 38,286 66, 141 4,100 44,050 65 30 43,185 7 42 
1974-75 37,888 59 ,428 5,000 39' 579 155 18 43;502 180 19 
1975-76 39 ,4 75 73,183 1,214 48, 7l10 230 38 43,646 95 241 38 
1976-77 38. 511 62,938 6,500 41,917 42 23 43,436 3 35 19 
1977-78 40,283 79,084 5,000 52,670 10 143 49,537 6 7 143 
1978-79 40, 196 80,824 8,000 53,829 10 450 50,389 10 500 
1979-80 37,000 61, 562 11,000 4 l ,000 10 250 44,760 10 250 

Source: USDA - Foreign Agricultural Service - "Foreign Agriculture Circular" 
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+--------------------------·------~----------~--~------------------~---·---+ 

Table 15. India Per Capital Production of Food Grains 
and Consumption, 1953.:..54 - 1975-76 

Year 

1953-54 
1954-55 
1955-56 

. 1956-57 
1957-58 
1958_;59 
1959-60 
1960-61 
1961-62 
1962-63 
1963-64 
1964-65 
1965-66 
1966-67 

' 1967-68 
1968-69 
1969-70 
1970-71 
1971-72 
1972-73 
1973-74 
1974-75 
1975-76 

Net Per 
Capita Production 

452 
434 
417 
427 

'385 
'·'446 

425 
442 
438 
416 
409 
489 
352 
353 
442 
426 
442 
472 
449 
405 
428 
406 
468 

Actual Per 
Capita Consumption 
(in grains per day) 

492 
443 
431 
446 
408 
467 
448 
465 
463 
443 
453 
478 

'407 
. '402 
·464 
445 
455 
469 
468 
424 
448 
408 
449 

+----....; ____ :_ _____ ...,. ______________ .., __________ ~ __ .;__.;.. __ ;...;;.. ___________ :_ _______ _,,_+ 

Source: World Bank (p. 98, 1978) 
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As was previously mentioned, India has historically had low agri-

cultural productivity. Since the late 1950's, there has been a slow up-

ward trend in productivity. Since 1951, the increase in food grain pro-

duction has been due primarily to an. increase in acreage planted and an 

increase in productivity. The following is a. discussion of events ef-

fecting this trend. 

After independence, India was poised for change both economically 

and politically. In keeping with that, the Planning Commission was es-

tablished in 1950. In 1951, the First Five Year Plan (FYP) was formu-

lated. These series of plans/nation.al objectives were to guide economic 

policy. It must be mentioned that according to many experts, these 

FYP's did not afford to agriculture the full priority that its signifi-

cance on the Indian economy warrants. 

With about 70 percent of its labor force engaged in agriculture, 

the Indian economy is driven by the performance of this sector. Cassen 

0978, pp. 215-220) observes that, 11 ••• the size of the (agricultural) 

crop affects the overall level of demand, prices and permissible magni-

tude of government expenditure; agriculture also supplies important raw 

materials for industry. Thus, when the crop fails it is not only the 

rural economy that suffers.'' This became manifested with the poor crop 

years of 1971....,72, 1972-73 and to some extent, 1973-74. In those years, 

the inadequate supply of food caused rapid inflation. In addition to 
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food prices doubling over the decade of the 1960's, they increased by 50 

percent between 1971 and 1973. The rippling effects of this inflation 

trickled down throughout the rest of the Indian economy; industrial pro-

duction virtually stagnated. Industrial production grew by 3 percent in 

1970-71 and 1971-72, by 5.3 percent in 1972-73 and 0.5 percent in 

1973-74. As a result, real Net National Product (NNP) and per capita 

NNP declined during 1971-72, 1972-73 and 1974-75. The inflation was fi-

nally brought under control in the late 1970's specifically, in 1975-76, 

when India had a good crop year. 

Returning to the Five Year Plans, the first one appeared in 1951, 

covering 1951-56. This plan was really documentary in nature with a 

statements of objectives. Bvery sector of the economy was accorded its 

due place. This plan, however, was quite indecisive as was evident by 

its vagueness over finance. During the first plan with the aid of good 

weather after the drought of 1950-51, India had excellent harvests in 

1952-53 and 1953-54 with a resultant decline in food imports. The final 

year of the plan, 1955-56, was not so good. In that year, India was re-

minded again of its dependence on agriculture. In 1955-56, India had a· 

poor harvest with consequent inflation. 

It was in the spirit of the false optimisim which the bumper har-

vests of 1952-53 to 1953-54 created that the second five year plan 

(1956-1961) was formulated. As a result, the Planning Commission shift-

ed the emphasis towards industrialization. In point of fact, the objec-
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tive of the Plan was so stated to be 11 ••• rapid industrialization with 

particular emphasis on the development of basic and heavy industry". 

This Plan had no specific mention of development in agriculture. During 

this period, India's food deficit increased from the previous year. In 

this period, India's foodgrain imports were 3.5 million tons or 4.6 per-

cent of total consumption versus the 1.4 million tons or 2.3 percent of 

total consumption that was imported during the first plan (Malenbaumn, 

P• 142). 

As a result of the increased food deficit, the Planning Commission 

restored the primacy of agriculture in its development programs in the 

third five year plan (1961-1~66). Intellectually and administratively, 

this was by far the most sophisticated economic plan to date. Commit-

tees were formed to examine the production possibilities for each major 

product or sector in the Indian economy. In the principal objectives of 

this plan was stated the desire for India to achieve self-sufficiency in 

foodgrains. However, this Plan, despite its careful planning, suffered 

from an over-estimation .of the capacity of the Indian economy. There 

had to be numerous downward revisions in planned targeted goals. Poor 

weather in 1962-63 to 1963-64 and the drought in 1965-66 resulted in 

severe inadequate food supplies, thus necessitating heavy importation of 

food. By the end of the third five year plan in 1965-66, India had im-

ported 10.3 million tonnes of food or 14.4 percent of its total food 

consumption (Malenbaum, p. 142). 
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The fourth five year plan (1969-1974), had to be delayed three 

years before its implementation because of the sen.es of calamities 

which struck India during and after the third plan. As mentioned above, 

1965-66 was a drought year; so too was 1966-67. In addition, in June, 

1966, India devalued the rupee thus causing additional immediate strain 

on the economy. Notes Cassen (p. 214) "only a major inflow of food aid 

in these two yea.rs saved India from famines in which hundreds of thou-

sands, if not millions, might have died". 

It was during the period of chronic food deficits that the "Green 

Revolution" or as it is referred to in India, the "High Yielding Varie-

ties Program" (HYVP), was introduced, circa 1966-67. Though it was sue;.. 

cessful in the beginning, it fell short of insulating ~ndian agriculture 

from adverse weather. The poor crops in 1971-72, 1972-73, and 1973-74, 

attest to this vulnerability. 

The HYVP has been most success.fol for wheat. The other major food-

grain crops in India viz., rice, jawar, bajra and maize have not been 

quite as successful (consider Table 16). 

As Table 16 indicates, with the exception of wheat, there has been 

no spectacular change in the growth rates with regard to other food-

grains. The production levels of maize and bajra in 1970-71 can be at-

tributed mainly to exceptionally good weather. The high yielding rice 

varieties have not been successful due to poor water management and con-

trol and the lack of location-specific varieties (HU, p. 51). 



Table 16. Compound Growth Rate of Actual Production for the Major Foodgrain 
Crops in India - 1949 - 1970-71 

Year Foodgrains Rice Wheat Jawar Bajra Maize 

19Lf9-50 - 1970-71 . 2. 87 2.92 5.05 1. 82 3.16 4.03 

1949-50 - 1969-70 2.81 2.95 4.59 2.16 2.55 3.81 

1949-50 - 196'.-65 2.98 3.37 3.97 2.50 2.23 3.79 

196 7-68 - 1969-70 2,98 3.42 10.22 -1.64 1.38 -6.01 

1967-68 - 1970-71 4.97 3.71 12.31 -6.03 17.82 4.35 

Source: Bansil, (p. 409, 1971) 

V1 
00 
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Thus, after the three year hiatus, the fourth five year plan 

(1969-74), was officially implemented. This plan contained the most ex-

plicit statement of the importance of agriculture yet contained in any 

plan. In point of fact, it was the explicit objective of this plan to 

provide the necessary conditions for a sustained increase in agricultur-

al output of 5 percent per annum over a decade. But as mentioned above, 

the early 1970's proved to be bad for agriculture. 

The fifth five year plan (1974-1979), was originally published in 

1974, with a high sense of optimisim about India's economic development 

and self-reliance. However, a combination of floods and droughts led to 

the revision of the fifth five year plan by the end of 1976. This time, 

the plan purported no swift approach to "self-reliance". 

Since the beginning of the five year plan process, . all of the 

plans, either implicitly or explicitly, have aimed at an annual growth 

rate of about 5 percent in the agricultural sector. This target has yet 

to be realized. The realism, however, is that the economic programs set 

forth in successive five year plan, since its inception in 1951, have 

been repeatedly frustrated by crop failures. 

Cassen (p. 256), reports that over the 25-year period from 1949-50 

to 1973-74, foodgrain output in India had an average annual growth rate 

of 2.6 percent. During the same period, intercensal population growth 

was about 2.2 percent. In the fourth five year plan, the Planning Com,.. 

mission estimated that the income elasticity of demand for foodgrains 
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was 0.8. Shenoy (p. 247), reports that during the 15-year period from 

1956-57 to 1970-71, the growth of per capita income in India was 1.4 

percent per annum. 

Given the above data and using a simple elasticity analysis, the 

rate of growth in quantity demanded of foodgrains can be calculated as: 

dQ 
Q 

dN 
N + dI eT + dP n-·. 

p 

where 

Q = quantity demanded· for food, 

N = population, 

E = income elasticity, 

I = per capita income, 

N = price elasticity of demand, and 

p = prices. 

Assuming prices are constant then: 

dQ 
Q 

2.2 + (.8) 1.4 = 3.3% 

This means that during the period 1949;..50 to 1973-74, while foodgrain 

production in India grew at an annual rate of 2.6 percent, the quantity 

demanded of foodgrains was growing much faster at a rate of 3.3 percent 

per annum. Simply put, food production has not been keeping pace with 

demand. 
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The prospects for adequate increases in foodgrain production in In-

dia for the near future do not look promising. The World Bank 0976, p. 

32) observes that even though India has the necessary potential in na-

tural resources and technology to achieve self-sufficiency in foodgrain 

production by 1985, the massive investment and reformulation of policies 

that would make such a goal obtainable will preclude for all practical 

purposes, reali.zation of self-sufficiency. The .Bank further contends 

that if their lower projected rate of growth of food production of 2. 5 

percent should be realized, India's dependence on food imports will ev-

entually double over their projection period from 7 percent of total 

production in 1974 to 13 percent in 1985. Parenthetically, the Bank ex;_ 

plains that the reason for the lower projection of rate of growth of 

food production (2.5%) as compared with the high actual rate of growth 

in foodgrain produc·tion in· 1961-74, is that during this period, produc-

tivity was strongly influenced by the introduction of new high yielding 

varieties. And, while India gained substantially from these varieties, 

their further adoption is likely to be constrained by land and water 

availability. As a result, the .Bank assumes that India will be unable 

to maintain the momentum of 1961-74. 

Furthermore, the .Bank (1976, p. 32) notes that "within the frame-

work of India's current infrastructure much can be done, however, to in-

crease food production. Such measures include, in particular, improve-

ments in agricultural education, extension and research and a 

reallocation of the nation's resources that is more favorable 'to agri-
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culture. In terms of expanding India's. foodgrain production base, land 

and water resources need to be further developed to enable the farmer to 

achieve the degree of control of soil and moisture that is a prerequi-

site for the further adoption of improved varieties." 

As Table 17 indicates, consumption in the past, as is expected- to 

happen again in the. near future, has exceeded the level of foodgrain 

production. Cassen (p. 279) points out that "··• to say that diminish-

ing returns in agriculture have been reached is not to say that India 

cannot continue to feed its growing numbers, only that doing so has be-

come increasingly costly~ The cost situation can be reversed by future 

technical change and, whether itis or not, there is no inherent reason 

for India to run . into growing food shortages -- though such shortages 

may recur because of deteriorating · weat.her or because of in.sufficient 

research and investment in rural. developnient,. including those invest-

ment.s which protect against. adverse weather. The food problem requires 

both the production of more food and its better distribution by putting 

more purchasing power in the hands of those who presently lack it." 



Table 17. Projections of Foodgrain Supply and Demand for Selected Countries, 
1980 and 1985. 

Production 
Growth Rates 

1974-85 1974 1980 1985 
(% per annum) (1,000 metric tons) 

South Asia 

Bangladesh 1.6 11, 668 .1 12,811.9 13,863.1 
India 2.5 80. 719.5 93,483.3 106,060.6 
Pakistan 4.0 11,153.5 13,730.7 17,171.2 
Sri Lanka 3.0 1,250.6 1,493.3 1,731.1 
Burma 1.0 5,732.7 6,087.8 6,412.8 
Nepal 1.0 2,492.4 2,637.0 2, 778.8 

Source: World Bank, (p. 30, 1976) 

"' w 



Table 17. (Can't.) 

Consumption 
Growth Rate 

1974-80 · · 19ao..:..s5 1974 · 1930 1985 
(% per annum) (1, 000 metric tons)-

South Asia 

Bangladesh 2.94 3.57 13,664.7 16,250.3 19,362.3 
India 2.72 3.35 86,536.1 101,663.1 119,863.8 
Pakistan 3.19 4.98 11,463.3 13,842.5 17,651.4 
Sri Lanka 2.50 3.30 2,048.0 2,375.4 2,795.1 

"' Bunna 2.50 2.70 5,533.4 6,417.3 7,335.4 
_p.. 

Nepal 2.40 2.40 2,450.9 2,829.4 3,179.9 



Table 17. (Con't.) 

Food Gap 
Cost of 

1974 1985. 1985 Imports 
(1,000 metric tons) (million U.S. $) 

South Asia 

Bangladesh - 1,996.6 5,499.2 757.9 
India - 5,816.6 - 13,803.2 l, 681. 0 
Pakistan 309.8 480.2 6.4 
Sri Lanka 79 7. L1 1,064.0 133.6 

Q'\ 

Burma + 199.3 922.6 151.6 VI 

Nepal + 41.5 401.1 58.2 
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II.6 THe FOOD-POPULATION GAP IN INDIA 

Throughout this chapter, the inadequate production of foodgrains to 

meet the Indian foodgrain demand has been frequently alluded to. Alt-

hough it is true that since 1954, the foodgrain production in India has 

been rising at an annual rate of 2.8 percent, which ranks with the 

growth rates achieved in most developed nations, the average annual in-

crease in per capita production has been only 0.6 percent - given a 2.2 

percent annual rate of population growth (Sanderson and Roy, 1979). 

With a foodgrain demand growing at about 3.3 percent annually, a conse-

quent food-deficit situation necessitating annual importation of wheat 

from abroad, mainly from the United States under the PL 580 program, be-

came a fact of life for India since 1949. However, the magnitude of 

food imports dropped to a negligible amount in 1977-78, when good weath-

er in 1975-76 and 1976-77 resulted in the two largest foodgrain harvests 

in India agricultural history. 

The Government of India (GOI) under the auspices of the Food Coop-

eration of India (FCI) has developed a grain procurement system which 

dates back to the pre-independence era. Today, the grain procurement 

system through its 21 member states gives India a total foodgrain sto-

rage capacity of 21,930 in 1,000 ton (FAC, 1979). 



67 

With the record bumper harvest of 1976-77 along with its fair sto-

rage capacity which made record grain procurements possible in 1977, In-

dia in that same year proclaimed self-sufficiency in grains - thus sig..., 

nificantly reducing all food imports. 

However, in 1981 as in the past, the vagar.ies of nature proved the 

self-sufficiency proclamation to have been a bit premature. In 1979, 

India was hit with what is considered its worse drought. In keeping 

with its self-proclaimed sufficiency in foodgrains, India relied exclu-

sively on her grain reserves to feed its people. As a result, the re-

serves were depleted down to a lo~ of 13.S million tons in 1981 compared 

to a total foodgrain reserve of 20 million tons in 1980 (Washington 

Post, September 22, 1981). 

The reduced stock levels in 1981 created a problem since India was 

not fortunate enough to have received adequate rainfall. When the de-

layed monsoon rains finally did arrive on July 29, 1981, it caused per-

vasive flooding. India was forced to end its four-year old self-suffi-

ciency in grains whert it purchased 1. 5 million tons of wheat from the 

United States in July of 1981 (Washington Post, September, 1981). 

India, like most oil-importing developing countries, possesses a 

limited supply of foreign exchange reserves. Fortunately for India, 

during the 1960' s much, if not all, of the grain it imported was pur-

chased under P.L. 480 concessional financing terms, sometimes repayable 

in India rupees. Under such arrangements, the foreign exch~nge reserve 



68 

constraint was drastically reduced. But since 1971 when world market 

prices for wheat began to reach record levels, easy terms for food im-

ports became hard to arrange. Since 1971, only a small quantity has 

been available on concessional terms and most wheat grain imports have 

been made on cash terms or with deferred payment with little grant ele-

ment. These developments ushered in for India the Third World Challenge 

of pursuance of economic development in the face of chronic food impor-

tations with a limited foreign exchange reserve budget. 

II.7 THg CASB FOR GRAIN STORAGB 

This section is included because on-""farm storing of grains in India 

is a pervasive practice. It is estimated that .two-thirds of Indian 

grain production is retained on the farm for family consumption, seed, 

and labor payment in kind by farmers (.FAC, 1979). 

For centuries, poor farmers in the developing countries have been 

aware of the variability that may exist with each year's harvest of 

agricultural produce and as a result, have practiced some method of 

traditional grain ~toring. Conceptually, the storage of grain is car-

ried out for four purposes: (a) to retain a supply of food, (b) to ser-

vice a trading system, (c) to retain seed for planting the following 

season, and (d) to achieve perhaps the two most important broad objec-

tives. of making food available in emergencies and to add stability to 

farm product and food prices. 
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Two methods of storage are used: (1) in sacks, or (2) loose in 

bulk in a variety of containers. When considering which method to use, 

several local factors must be taken into account: (a) type of product, 

(b) duration of storage, (c) value of produce, (d) climate, (e) trans-

portation system, (f) cost and availability of labor, (g) cost and 

availability of sacks, and (h) incidence of rodents and certain types of 

insect infestation.9 

Hall (1970); maintains th~t, in general tenns, the adva~tages and 

disadvantages of sack and bulk storage are as shown on page 70. 

Despite the method used, it is important that the container (e.g. 

sack, warehouse or silo) be kept free from dust, spillage and old grain 

residues, and that the grains which are to be put in the container are 

of good quality. It is also important that the grain is dry and free of 

dust and other unwholesome particles. 

Traditional storage by farmers in the developing countries has al-

ways been of the type "producer on farm storing", initiated and main-

tained by the farmer and his family. Local natural resources and cus-

toms influence the choice of storage method(s) used. 

Food grain storage on the farm begins immediately' after the crop 

has been harvested. Usually, in the normal sequence of events, the crop 

is gathered together in heaps on the ground to facilitate removal from 

the field. Normally, such heaps are left for only a few hours or a day 
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+----------------------------------------------------------------------+ 
Advantages and Disadvantages of Sack and Bulk Storage Methods 

SACKS 
Advantages 

Flexibility of storage 
Low capital cost 

BULK 
Advantages 

Mechanizable 
Rapid Handling 
Little spillage 
Low operating costs 
Low rodent loss potential 

Disadvantages 

Partly mechanizable 
Slow handling 
Considerable spillage 
High operating costs 
High rodent loss potential 
Reinfestation occurs 

Disadvantages 

Inflexible Storage 
High capital cost 
Little protection against 

reinfestation 

+----------------------------------------------------------------------+ 
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or two at the most. In some countries where the harvesting of a crop 

coincides with the beginning of a long dry season or more than one crop 

must be harvested at the same time, the heaps may be left und.istrubed 

for quit.e a long time. This method, since it is a deliberate act by the 

producer, can be regarded as a method of temporary storage. 

The most frequently used method of traditional storage is the con-

tainer constructed entirely of plant materials with clearly defined 

walls in addition to a floor and roof. It may be circular or rectangu-

lar in plan and is usually elevated above ground level. The dimensions 

of this type of storage container vary considerably, even in the same 

region, and are determined mainly by the quantity of grain to be stored. 

The floor is generally raised highest above ground level in areas where 

there is danger from floods or domestic animals.10 

Containers can be made of clay or mud. With the amount of clay or 

mud used in constructing a particular container varying, the floor alone 

may be sealed with mud, or the floor and both sides of the wall, up to a 

level above which the roof overhand provides protection from rain, 

plastered with mud. In other regions, the pervasive practice is for the 

walls and floor of the container to be completely incase in clay or mud. 

In some countries. the most widely used storage container is the 

raised compartmented bin. Dimensionally, it is square in plan, with 

walls about 3 meters long and 1. 5 meters high, and is divided into four 

or more compartments. Each compartment is usually provided with a .round 
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entrance about O. 6 meters in diameter toward a top of a side wall. The 

whole structure is supported dn a platform at, least O. 5 meters above 

ground level on rocks or timber supports. 

Underground pits are used for traditional storage of food grains in 

a few countries in India, North and gast Africa and Latin America. It 

is alleged that with this type of traditional storage grain, may be left 

for many years .11 

While the preceding methods of traditional food grain storage have 

been useful and effective for farmers in the developing countries on a 

most limited scale for most localities, on a national scale such storage 

methods would be most ineffective and impractical. Thus, modern methods 

of grain storage using modern materials becomes a much more viable meth-

od of grain storage. 

Modern storage of food grains on a national scale is a highly ex-

pensive activity• The cost of storage, of course, varies with the quan-

tity of grain involved and the period over which the grain must be kept. 

And in developing countries where capital is likely to be the limiting 

factor in relation to labor and time, and where excessive expenditure on 

one project may cause the cancellation of several others, it 1s impera-

tive that the least expensive of practicable alternatives in dealing 

with problems of national interests be selected. The scarcity of capi-

tal necessitates governmental development and operation of a national 

storage of grain in a developing country versus the private sector. On 
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this very line of thought, it must be pointed out that it is unwise for 

a country to build technically advanced and costly storage facilities 

e.g., warehouses and mills, and then find them only partially utilized 

because no money is available to establish complimentary facilities. 

Whether grain is stored using the modern or traditional methods, 

for storage to be effective and safe, certain measures must be taken. 

During storage, the primary aim is to prevent det.erioration in the qual-

ity of the grain. 

According to R. N. Sinha (1971, p. 9), deterioration of stored 

grain results from interactions among physical, chemical and biological 

variables. The important variables are: (1) temperature, (2) moisture, 

(3) oxygen, (4r geographical location, (5) granary structure, and (6) 

physical, chemical and biological properties of grain bulks. In addi-

tion, microorganisms, insects, mites, rodents and birds can seriously 

damage the quality of stored grains. 

It is important to note that unprocessed grains are usually 

"alive", i.e., they breathe and produce heat, moisture and carbon diox-

ide. Grain respiration is a self-accelerating process, which is to say, 

that moisture that is produced can increase the moisture content of the 

grain which in turn can cause an increase in respiration rate. In addi-

tion, the heat produced can raise grain temperature which in turn in-

creases respiration rate. Normally, the rate of respiration of grain 

which is in good condition for storage is very low.12 
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In grain storage, the mechanism of respiration is very crucial be-

cause of its adverse implications. If grain with moderate to high mois-

ture content is stored immediately after harvesting, it will breathe at 

a fast rate with the resulting production of moisture and heat from such 

a process creating conditions which foster mold growth and spoilage with 

a time lapse of only seve~al. hours once the devastating process begins. 

Another problem which.m~st be sumounted in any~overnmental scheme 

of storing food grain is the question of locations fo:r facilities. In 

developing countries with varying, powerful interest groups i.e., ethnic 

groups or tribes and sometimes urtstable go·~ternments., this becomes a most 

vital question. The best way to respond to this type of question might 

be to· locate facilitie$ on the basis of governmental objectives. If the 

government program has . the objective of. ensuring produc~t's a minimum 

price for their products, then. it should follow that facilities will be 

needed in the production areas so farmers can deliver their grain with-

out high cost and thus obtain full advantage from the government pro-

gram. Another possible approach in locadng sites for storage facili-

ties at minimum costs could be to use the method which P.M. ~urzan 

(1979, pp. 110-121), employed in the case of Bangladesh., in 1975, t:o ar-

rive at the "optimal" number, size, location and design of grain storage 

facilities for that country.' The techniques used were linear program-

ming along with a static model incorporating supply and demand quanti-

ties. and their geographical distribution, population movements, ration-

ing systems, developments in domestic production due tonewmethods and 
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lizers, severe limitations in foreign currency, the infrastructure of 

the transportation system, improvements in vermin control and many other 

pertinent, developing country factors. Grain, when imported, has to 

flow from Sl,lrplus points and "outer anchorage11 through major storage fa-

cilit.ies to deficit points. A static model reflecting this network re-

presentation, characterized by fixed cost elements, was used to reflect 

the real-world problems. Implicit, of course, in any storage scheme, 

should be the underlying objective to increase the income of farmers 

without necessarily inflating consumer prices. 

In most developing countries, statistical economic data is, to say 

the least, very poor. It, therefore, should come as no surprise to any-

one that in most of these countries, the systems of crop forecasting and 

of determining the needs of the consumer population are inadequate. 

Consequently, it l.S difficult if not impossible to plan in advance 

against either shortages or surpluses of agricultural products.13 The 

preceding fact is quite disturbing since an inability to at least esti-

mate prospective variations in production and demand of agricultural 

products could render useless any grain reserve program as there would 

not be any indicator upon which the government could use as a buy or 

sell signal for grain to be placed into or withdrawn from the reserve 

program. 

Sharples and Walker (1977, p. 88) have proposed two rules which can 

be used in managing grain reserves, the "quantity" and "price rules: 
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(a) The qua~tity rule essend~lly dealS .d~rectly with the probJem of. 

grain surpluses or shortagea:. ·· · Under this•· .rule, ~hen the qt,lantity pro-

duced is above the trend, some proport;ion of the excess would be put 

into the reserve; and when production is below tre.nd, .. so111e proport;ion of 

the deficit would come out of the reserve and be made available for con-. 

suu:iption. One111ajor disadva11tage of such a rule is the range of its ap-

plicability. lrideed, it appears as H the quantity rule can only be ap"" 

plied in an international context • Why?.· A national. applicat:iori of the 
. . . - .. . ... .'· .. - _ .. · ·: -. ,· .. ·. . 

quantity ruleby a country say, li~e theU.s.; to manage its ow reserve 
. . 

would dictate that the U.S. in a year of a dontestic <b:umper crop, even 

though the rest of the world. had a poot:" crop, should. build up its own. 

res.erve the sqme year that the rest of the world needed grain. The eco- .·· 

nomic, political, and ethical·implications of such a behavior by any.one 

country at such a time is quite profound. · 

even whe.n applied ··on. an intern:~tiona.l level, the quantity· rule 
. . . . . 

still has some disadvantages~ Accurate iriformation on world production 
. . ' . ·. . ' . 

may not b¢. available quickly enough to. make sound. management decisions 

on wo.rld contingency sto.cks. Too, there is the cHffic:ult t(isk of deter-

mining the trend lev'el prodµction for the current· year i.e.,· should it 

be a projection fro!ll the experience of. the last 20 y'ears? ·. or. an average 

of the last · 3 years! Further, the :quantity rul~·, by· foc~si.ng only on 

production, ignores any short-run chang~s .in d~mand and as a result may 

be totally insensitive to the substitution: effect which may occur among 

individual food items as relative price.s; and. :p;~{e~ences of ~onsume~s 
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change. The price rule primarily focuses upon prices and price vari-

ability. Simplistically, a price rule would specify a price at which 

grain would be sold from the reserve systems. Unlike the quantity rule, 

the price rule reflects both supply and demand conditions since. the 

opinions of all market participants in regard to current and prospective 

supply and demand situations are manifested through price movements. 

Potential disadvantages may exist with the price rule if: (a) go-

vernmertts practice protectionist trade policies which effectively insu-

late their economies and as such do not allow the market price signals 

to cross into their borders, (b) the market price does not reflect pro-

duction shortfalls in countries that have no demand for world market 

grains, and (c) prices are manipulated by monopolistic actions of a few 

firms or through governmental actions. 
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Chapter III 

THB TRIGGBR Mr.:CHANISM TO INSURE A MINIMUM PfR CAPITA 
AVAILABILITY OF FOOD 

A publication by the World .Bank 0978) on India provides, among 

other things, data on foodgrain production, imports and closing stocks 

from 1953 to 1976. From these data, it was computed that during this 23 

year period, the average actual per capita consumption of foodgrains in 

India was 447 grams per day with the average net per capita production 

being 427 grams per day. 

Assuming that the rate of growth in production will equal the rate 

of population growth -- i.e., no change in per capita foodgrain produc-

tion, we can assume that India would want to maintain, at a minimum, its 

historical per capita consumption average of 447 grams per day. 

Based on the World Bank data and India's historical wheat produc-

tion trend, the following "trigger mechanism", a signal to indicate when 

and how much of foodgrain or wheat is to be imported, is proposed to en-

sure attainment of a minimum per capita availability of 447 grams per 

day of foodgrains: 

(i) projected level of population divided by the targeted mi-
nimum per capita foodgrain consumption : estimated needed mi-
nimum per capita food. availability e.g., projected level of 
population divided by 447 grams/day : estimated minimum needed 
per capita food consumption. 

(ii) estimated foodgrain production divided by Midyear's popu-
lation figures : estimated per capita production. 

80 
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(iii) estimated per capita production - estimated minimum 
needed per capita food consumption = amount of imported food-
grain (wheat) needed. 

Alternatively, since wheat is second to rice in percentage of total 

foodgrain consumption and it is also t.he primary imported foodgrain, it 

can be effectively argued that in the Indian diet, wheat and rice are 

perfect substitutes. And on the world grain market, wheat is the domi-

nant.substitute because of its lower world market price relative to rice 

and, perhaps more importantly, because of its ready availability from 

the major grain exporting cou~tries (World Bank, 1976). Therefore, a 

poor domestic wheat or rice production mitigates attainment of any tar-

geted minimum per capita foodgrain availability without wheat importa-

tions or depletion of foodgrain reserves. Hence, any downward deviation 

from trend of projected, domestic wheat production and world wheat out-

look should be carefully monitored since a low world wheat crop coinci'"'. 

dental with a bumper wheat crop in India will result in still higher 

world wheat prices (with normal world demand). 

III.! THB NATUR£ OF INDIA'S·WHeAT IMPORTS 

The historical importation of.foodgrains by India, as ~as previous-

ly mentioned, has been primarily from the United States. Again, the 

primary imported foodgrain has been wheat. Furthermore, research indi-

cates that up until 1973, from 80 to 100 percent but never. less than 80 

percent, of the wheat that the United States exported to India since the 
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mid-19SO's moved under Public Law (P.L.) 480 as distinct from commerical 

sales. !Jnder P .L. 480 arrangements, purchases were made under conces-

sional financing terms, on occasion repayable in Indian rupees. Even 

some commerical sales before 1974 were transacted on a barter arrange-

ment or else sold at less than domestic market prices. Table I shows 

the relevant data on !J.S.-!ndia wheat trade. 

For four years from 1976~77 until July 1981, India had not imported 

any significant amount of wheat from either the United States or any of 

the major wheat exporting countries. In 1977, India declared self-suf-

ficiency in foodgrains. 

The nature of our present study unfortunately dictates that we 

restrict the period of our investigation to only those years of heavy 

commercial wheat importations by India on the Worl"d Wheat market. That 

period was from 1973-77. However, since the events of the 1979 drought 

and the 1981 flood have forced India back into the world wheat market as 

an importer, the "self sufficiency" proclamation can now be viewed to 

have been premature. As a result, the four year cessation of what im-

ports was merely a temporary and optimistic political move as evident 

with the wheat purchases in July of 1981. Therefore, we can conceptual-

ly extend our investigation period from 1973 to 1980, the last full year 

on which relevant data is available. 
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+----------------------------------------------------------------------+ 
Table i.2 U.S. gxports of Wheat: P.L. 480 (concessional Govern-
ment - financial programs), Commercial and Total to India 1956-
1978 

(1,000 metric tons) 
Year Government Commercial Total 
1956 192.6 50.6 243.2 
1957 1,929.2 1,929·2 
1958 2,142.l 85.5 2,227.6 
1959 3,357.4 -26.8 3,330.6 
1960 3,174.4 -13.0 3, 161.0 
1961 3,338.7 29.9 3,368.6 
1962 2,315.9 213.4 2,529.3 
1963 3,539.0 1. 7 3,540.7 
1964 4,484.8 4,484.8 
1965 5,966.7 -98.9 5,867.8 
1966 7,214.3 -88.9 7' 125.4 
1967 4,002.0 177.1 4,179.1 
1968 5,421.5 309.4 5,730.9 
1969 2, 097.1 218.8 2,315.9 
1970 2,074.4 240.1 2,314.5 
1971 1,502.6 -57.2 1,445.4 
1972 614.5 142.5 757.0 
1973 111.0 419.7 530.7 
1974 78.0 1,536.7 1,614.7 
1975 785. 2 3,506.4 4,291.6 
1976 711. 2 4,053.9 4,765.1 
1977 359.0 212.5 571. 5 
1978 80.7 30.9 111. 6 

+----------------------------~-----------------------------------------+ 

Source: gRs-rgo, USDA (1981). 
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III.2 THf COMPONBNTS OF A STORAGB COST 

To provide .us with a measure of the feasibility of India using the 

wheat futures market as an alternative strategy in dealing with its food 

insecurity, we needed a point of reference to which we could compare the 

potential costs and or profits from futures market transactions. Hence, 

our decision to calculate and use the cost o.f holding the imported 

wheat. 

ed: 

To be able to calculate storage costs, several variables were need-

1. the price of wheat on the world market at time of purchase, 

2. the Indian market rate of interest at time of purchase, 

3. a loss or shrinkage factor for wheat due to storage, 

4. transportation cost from the Gulf Ports of the United States to 

the Bast Coast of India using a vessel with the carrying capacity 

of 10-19,000 tons deadweight (dwt), and 

5. variable cost or the cost of loading and unloading wheat. 

Tables 2 and 3 reproduce relevant data. 

In India, there exist two well-defined crop seasons throughout the 

northern and central regions. Rice, being an autumn or Kharif crop, is 

sown at the beginning of the rainy season (June-July) and is harvested 

in autumn (between October and December). The crop which is of concern 

to us in our study is wheat which is one of the rabi, or spring crops. 

Wheat is planted in autumn and harvested between February and April (Uma 

Le le , 19 71 ) • 



Table 2. 3 U.S. Wheat Export Prices: No. 2 Hard Winter; Monthly 1972-73 to 1979-80 
FOB @ Gulf Ports in Dollars Per Metric Ton 

Simple 
Years June July Aug. SeEt· Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Avera~ 

1972-73 109 61 63 77 88 90 104 109 100 99 102 103 92 

1973-74 155 117 176 192 182 179 198 216 221 199 159 ll~2 178 

197Lf-75 141 172 170 181 205 203 199 154 175 164 163 148 173 

1975-76 154 153 170 176 178 161 151 143 166 168 157 148 160 

1976-77 97 158 137 133 119 117 115 118 118 114 109 101 120 00 
V1 

1977-78 130 101 98 104 108 117 118 120 122 127 135 129 117 

1978-79 164 130 130 134 139 141 138 140 144 143 141 146 141 

1979-80 159 179 17 3 180 183 183 186 179 176 169 158 163 174 

Source: USDA - "The Wheat Situation" 
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+----------------------------------------------------------------------+ 
Table 3.4 Ocean Freight Rates for Wheat From U.S. Gulf Ports to 
India (east coast) 1972-73 - 1979-80 (Dollars per metric ton) 

Year 
1972-73 
1973-74 
1974-75 
1975-76 
1976-77 
1977-78 
1978-79 
1979-80 

Gulf Port 
17.26 
43.98 
36.12 
25.26 
24.64 
24.53 
33.65 
52.13 

+----------------------------------------------------------------------+ 

Source: International Wheat Council. 
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The wheat storage cost estimates in India were calculated using the 

following figures: (a) a 4% shrinkage factor for wheat (Uma Lele, 

1971), (b) a variable cost of $5.00 per metric ton (Shlomo Reutlinger, 

1981), and (c) the remaining figures were obtained from other sources 

listed in the reference section. Table 4 reports the estimated wheat 

storage costs in India. 
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Table 4. Indian Wheat Storage Costs, 1972-73 to 1976-77 
(In million U.S. dollars) (Amounts in 1,000 MT) 

1972-73 

1. Interest: $92.00 x 7% = 
6.44/12 mo. = 53¢/mo. 

2. Shrinkage: 4% of $92.00 = 
3.68 

3. Variable Cost = $5.00 

4. Transportation Cost= $17.26 

5. Total Cost = $32.38/mt/yr 

Thus, w/419.7mt = $13,589,886/yr 

1974-75 

1. Interest: $173.00 x 9% = 
15.57/12 mo. = 1.29/mo. 

2. Shrinkage: 4% nf $173.00 = 
6.92 

3. Variable Cost= $5.00 

4. Transportation Cost = $36.12 

5. Total Cost = $63.61/mt/yr 

Thus, w/5043.lmt = $320,791,591/yr 

1. Interest: 
10.8/12 

1976-77 

$120 x 9% = 
mo. = 90¢/mo. 

2. Shrinkage: 4% of $120.00 = 
4.8 

3. Variable Cost = $5.00 

4. Transportation Cost = $24.64 

1973-74 

1. Interest: $178.00 x 9% = 
16 • 0 2 I 12 mo • = $1. 31 I mo . 

2. Shri..nk::ige: 4% of $178.00 = 
7.12 

3. Variable Cost = $5.00 

4. Transportation Cost = $43.98 

5. Total Cost = $72.12/mt/yr 

Thus, w/l,536.7mt = $110,826,804/yr 

1975-76 

1. Interest: $160.QO x 9% = 
14.4/12 mo. = l.20lmo. 

2. Shrinkage: 4% nf 160.00 = 
6.40 

3. Vari.able Cnst = $5.00 

4. Transportation Cost = $25.26 

5. Total Cost = $51.06/mt/yr 

Thus, w/4053.Qmt = $206,Q92,134/yr 

5. Total Cost = $45.24 

Thus, w/212.5mt = $9,613,500/yr 
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III.3 STRATgGrns 

Currently, India consumes approximately 10 million tons of food-

grains including pulses, per month (FAC, Dec., 1979). From 1960-61 to 

1977-78, the average annual foodgrain consumption was 87 .43 million tons 

with a range from 73.48 to 108.8 million tons (Roy and Sanderson, 1979) • 

.Before enumerating the strategies, the following assumptions are 

made: (1) hedging activities in the futures market mitigate storage 

costs, (2) the optimal levelof foodgrain stocks in India is 18.6 mil-

lion tons. (This was the average stock level in 1977 the year India 

declared self-sufficiency in foodgrains. This stock level actually 

represents a 55.8 day supply of foodgrains.) (3) to avoid food shortag-

es, India should maintain no less than 85% of its 21.9 million ton re-

serve capacity or 18.6 million tons, and (4) the intensity of the food 

need and thus the price risk for India increases drastically when both 

India and world projected wheat production is down versus when just In-

dia's wheat production is down • 

.Based on these assumptions, the following strategies are proposed: 

1. Whenever projected wheat production in India and/or world is be-

low trend, the Food Corporation of India could -- a) Commercially 

buy and store all of the anticipated need of. wheat with the pur-

chased amount equal to the distance between the anticipated defi-
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cit production amount and the trend line. b) Buy-hedge in the 

wheat futures market all of the anticipated wheat deficit and 

hold the long position until harvest approaches and it is appa-

rent the wheat is needed with the long position being "lifted" a.s 

the cash wheat is purchased. 

2. Commercially buy and store the wheat on an 'as needed' basis. 

3. When projected Indian wheat production is slightly above trend 

and coincidental with a closing stock level below the optimal, 

the appropriate strategy(s) enounced in items 1 and 2 should be 

enacted. 

The only source which could be found that gave consistent and up-

dated wheat production estimates on India and the world, for at least 7 

out;: of the 12 months in a given year, is the publication "Foreign Agri-

culture Circular", issued by the CJ.S.D.A. Foreign Agricultural Service. 

The earliest forecasts are for the month of March with adjustments being 

made to these figures as new information is received throughout the 

year. As best as can be determined, this service was started in the 

1974-75 crop year and continues. 

l!:xcluding the European 1konomic Community (EEC), USSR, Eastern Eu-

rope and India the major world producers of commercial tradable (expor-

table) wheat are the United States, Canada, Argentina, and Australia. 

The crop years for these major wheat exporting countries are as follows: 

(1) o.s. (.June/May), (2) Canada (August/July), (3) Argentina (December/ 
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November), and (4) Australia (December/November). The wheat crop year 

in India is April/March. 

Furthermore, among the free world (i.e., non-communist bloc coun-

tries) wheat producers excluding the gee and India, the_ CJ.S. and Canada 

on the average account for about 44% of the total wheat production. The 

four countries combined, CJ.S., Canada, Australia and Argentina, account 

for about 57% of total free world production of wheat on the average 

(FAC}. 

According to the economic. and Statistic Service branch of USDA in 

its publication "Small Grains" (1979), winter wheat seeding in the CJ.S. 

gets underway by late August. By the end of September, 45 percent of 

the winter wheat seeding has been completed and on December 1, most of 

the crop has emerged. It is assumed that Canada with a wheat crop year 

much simil,ar to the U.S., has winter ~heat seeding patterns which paral-

lel those of the U.S. Therefore, any world W'heat production projections 

made in December should reflect planted acreage statistics and very ear-

ly preliminary crop conditions in the [J .s., India, and Canada; with 

weather being the major unknown determining variable on actual wheat 

production and yield. 
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III.4 ANNUAL ANALYSIS AND STRATgGIBS 1974-75- 1979-80 

The following discussion draws heavily on. data obtained from vari-

ous issues of the publication "Foreign Agriculture Circular" (grains), 

released by the USDA-Foreign Agricultural Service .(FAS). 

As was previously mentioned, FAS since 1974 has been providing con-

sistent and updated wheat production estimates for the world and the 

le.a.ding wheat exporting countries. Bstimates are provided for at least 

seven out of the 12 months in a given year. Analysis of estimates made 

throughout the six year period 1974/75 - 1979/80, and the actual produc-

.tion estimates made between the months of August and December of any 

crop year tended to have lower average forecast errors than arty other 

four or five month forecasting period. More specifically, wheat fore-

casts made in the months of August and Deeember tended to have the low-

est average deviations from the actual observed production figure (ig-

noring the sign of the forecast, that is whether the forecast was above 

or below the· actual). In. thre-e of the six years, the August-December 

average forecas.t . errors . (deviations) were clearly the lowest. In the 

remaining three years where the ave.rage August-December deviations were 

not the lowest, the point spread between the August-December average and 

the lowe.st average for that year was (with the exception of 1976-77 and 

1979-80) very small - with a differential of 0.4. Table 5 illustrates 

the foregoing discussion.· 
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Table 5. Comparison of Actual World Wheat Production Levels to 
Selected Monthly Forecasts of July/June Wheat Crop 
Years, 1974-75 - 1979-80 (In million metric tons) 

Crop Year 
1974-75 Date Estimate (Y) Actual (Y) Error 

3/15/74 375.2 356.4 + 18.8 
6/14/74 374.5 356.4 + 18.1 
7/15/74 369.0 356.4 + 12.6 
8/20/74 360.0 356.4 + 3.6 
9/19/74 351.6 356.4 - 4.8 

10/31/74 351.7 356.4 - 4.7 
12/18/74 345.9 356.4 - 6.5 
2/ 3/75 345.9 356.4 - 10.5 
4/15/75 346.8 356.4 - 9.6 

1975-76 
7/15/75 363.9 350.1 + 13.8 
8/15/75 358.2 350.1 + 8.1 

10/ 7/75 359.0 350.1 + 8.9 
10/31/75 348.5 350 .1 - 1.6 
12/19/75 342.1 350.1 - 8.0 
3/ 8/76 341.2 350 .1 - 8.9 
4/28/76 343.8 350.1 - 6.3 
6/24/76 371.0 350.1 + 20.9 

1976-77 
7/30/76 376.3 415.6 - 39.3 
8/ 3/76 376.3 415.6 - 39.3 
9/15/76 385.7 415.6 - 29.9 

10/27/76 392.6 415.6 - 23.0 
12/15/76 403.6 415.6 - 12.0 
2/ 1/77 406.8 415.6 - 8.8 
3/23/77 412.4 415.6 - 3.2 
5/ 2/77 397.0 415.6 - 18.6 
6/ 13/77 402.0 415.6 - 13.6 

1977-78 
7 405.5 381.5 + 24.0 
8 397.6 381.5 + 16.1 
9 405.8 381.5 + 24.3 

11 381.6 381.5 + 0.1 
12 379.6 381.5 - 1. 9 
2 381.0 381.5 - 0.5 
5 369.9.,..433.2 381.5 + 20.05 
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Table 5. (Can't.) 

Crop Year " 1978-79 Date 
7 /19/78 
8/ 15/78 
9/27 /78 

Estimate (Y) 

11/13/78 
1/26/79 
5/15/79 
6/22/79 

1979-80 
7 /16/79 
8/20/79 
9/14/79 

10/16/79 
11/14/79 
12/13/79 
1/17/80 
2/13/80 
3/12/80 
4/14/80 
5/13/80 
6/ 13180 

406 .1 
412.7 
412.4 
422.5 
435.8 

. 395-429 
385-420 

406 
407.8 
401.2 
400.7 
400.6 
402.9 
405.0 
418.9 
419.4 
419.9 

420-460 
420-455 

·Actual · (Y) 
446.6 
446.6 
446.6 
446.6 
446.6 
446.6 
446.6 

422.2 
422.2 
422.2 
422.2 
422.2 
422.2 
422.2 
422.2 
422.2 
422.2 
422.2 
422.2 

Error 
- 40.5 
- 33.9 
- 34.2 
- 24.1 
- 10.8 
- 34.6 
- 44.1 

- 16.2 
- 14.4 
- 21.0 
- 21.5 
- 21.6 
- 19.3 
- 17.2 
- 3.3 
- 2.8 
~ 2.3 
+ 17.8 
+ 15.3 



95 

Table 6. Actual Indian Wheat Production and Forecasts From 
Selected Months During the July/June Wheat Crop 
Years 1974-75 - 1979-80 (In million metric tons) 

1974-75 Estimate Actual 
3/ 15/74 25.0 21. 7 
6/ 14/74 23.0 21. 7 
7/15/74 23.0 21. 7 
8/20/74 22.5 21. 7 
9/19/74 22.5 21. 7 

10/31/74 22.5 21. 7 
12/18/74 22.1 21. 7 
2/ 3/75 22.1 21. 7 
4/15/75 22.1 21. 7 

1975-76 
7/15/75 25.8 24.1 
8/15/75 25.8 24 .1 

10/ 7/75 25.8 24.1 
10/31/75 25.8 24 .1 
12/19/75 25.8 24.1 
3/ 8/76 24.2 24.1 
4/28/76 24.2 24.1 
6/24/76 26.0 24.1 

1976-77 
7/30/76 26.0 28.8 
8/ 3/76 26.0 28.8 
9/ 15/76 26.6 28.8 

10/27/76 26.6 28.8 
12/15/76 28.0 28.8 
2/ 1/77 28.3 28.8 
3/23/77 28.3 28.8 
5/ 2/77 25.5 28.8 
6/13/77 27. 0 28.8 

1977-78 
7/18/77 26.0 29.0 
8/18/77 26.0 29.0 
9/19/77 26.5 29.0 

11/ /77 29.1 29.0 
12/19/77 29.1 29.0 
2/16/78 29.1 29.0 
5/10/78 28-33.0 29.0 
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Table 6. (Con' t.) 

1978-79 Estimate ·Actual 

7/19/78 31.2 39.7 
8/15/78 31.2 39.Z 
9/27/78 31.2 39.7 

11/ 13/78 31.3 39.7 
1/26/79 31.3 39.7 
5/15/79. 32-33.0 39.7 
6/22/79 32-33.0 39.7 

1979-80 
7 /16/79 34.7 34.9 
8/20/79 34. 7 34.9 
9/14/79 34.7 34.9 

10/16/79 34.7 34. 9 
11/14/79 35.0 34.9 
12/ 13/79 35.0 34.9 
1/17/80 35.0 34.9 
2/13/80 35.0 34.9 
3/12/80 35.0 34.9 
4/14/80 35.0 34.9 
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The fact that the August-December world wheat forecasts in 1976-77 

and 1979-80 had relatively larger forecast errors (deviations) than sub'.'"" 

sequet)t forecasts should not. be attributed to any weakneu or unreli-
. . J 

ability of August-December world wheat forecasts. Rather, it should re-

inforce the strength and responsiveness of world wheat forecasts made in 

the intervening months of Aug\is t and December. Here are the reasons 

why: .The early 1976-77 season world wheat forecasts were initially low 
I 

because early in the growing season, Australia's wheat crop was severly 

affected by drought. The Australian. rain did subsequently arrive but it 

was late. In addition, all of BuroJ>e, both east and west, experienced 

an early season drought in the crop year 1976'."'"77. Fortunately, the mag-

nitude and pervasiveness of the Buropean droqght proved not to have been 

as severe as was earlier thought. Such events, then, contributed to the 

early downward forecasts of the 1976-77 world wheat production. The 

early situation in the 1979-8-0 crop year was also weather related. Bar-

ly in the season, Western E:urope and specifically France (the major 

grain producer), was hit with severe winter storms along with subnormal 

temperatures. In February and March, France experienced heavy rains 

thus hindering planting of the spring wheat as well as replanting of the 

damaged winter wheat. In the Union of the So•.riet Socialist Republic 

(USSR), the early season conditions were wet weather and cool tempera-

tures, conditions which delayed the advancement of spring planting of 

all crops. Austrdia encountered dry weather conditions in some areas 

early in the 1979-80 crop year. And in Canada, a. cold-wet spring ad-
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versely affected plantings of the Canadian wheat crop. Finally, as a 

result of post season increases in production levels in Western Europe 

and better prospects in Australia, late 1979-80 world wheat estimates 

became greatly improved (FAC, 1976-1980). 

Additional evidence to the strength and reliability of August-De-

cember world wheat production estimates stems from the fact, as was ear-

lier stated, that in the U.S. and possibly Canada winter wheat seeding 

gets underway by late August. .By the end of September, 45 percent of 

the winter wheat seeding has been completed, with the emergence of mos.t 

of the crop by December 1. 

Having established the strength and reliability of August-December 

world wheat production estimates, it has been decided to base any ini-

tial strategy(ies) on the August world and Indian wheat production esti-

mates as well as on the current level of foodgrain reserve stoc~s in In-

dia. 

Using actual world wheat production data from 1960-61 to 1979-80, a 

simple regression equation was developed for world wheat production from 
? 

which a world wheat production trend line was fitted. The regression 

equation is: 

y = 214.08 + 10.34t + e 

*(25.86) (14.97) 

where 
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y = predicted world wheat production 

t = year 

e = error term 

* ... t-values 

R2 = .925 and n = 20 

The equation for India, proper, is: 

y = 5.54 + l.3lt + e 

(4.49) (12.80) 

R2 .... 901 and n = 20 

In developing strategies to assist India in dealing with food se-

curity problems, any strategy which involves trading futures must encom-

pass an objective "trigger11 • In this section, important assumptions are 

delineated and the trigger mechanisms are explained. 

Among important assumptions: (a) the optimal foodgrain reserve 

level in India is 18.6 MI'; (b) post facto annual Indian wheat deficit 

production between 1974-75 - 1979-80 is taken to be the actual amount of 

commercial wheat imports plus wheat aid received or purchased in any 

single year during the six year period; (c) the relevant wheat futures 

contract delivery month is May; and (d) long positions in the wheat fu-

tures market are lifted as the cash needs are purchased (sometime in Fe-

bruary or March after completion of the Indian wheat crop year). 
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III.4.1 Triggers 

MT. 

I. Foodgrain reserve level in India is below the optimal of 18.6 

a. If the first wheat forecast or estimate (in August) for 
both the world and India is 0-10% below trend wheat production 
and below the actual production of the previous year, long 
hedge 50% of the. expected deficit. If the second (September) 
forecasts are still lower, then add another 20% to the long 
hedge position. If downward forecasts persist between October 
and December then add additional 10% to the long hedge posi-
tion of the expected deficit each month until December for a 
total of 100% protection against the expected deficit. 

b. If both the world and Indian .first forecasts are 0-10% be-
low trend production but above the actual of the previous 
year, long hedge 30% ofthe expected Indian deficit. If the 
second forecast is up, then add another 5% to the long posi-
tion; if it is down add 10%. If the upward forecasts persist 
between October and December, then add an additional 6% to the 
long hedge position of the expected deficit each month until 
December for a 50% total protection against expected deficit; 
if forecasts are downward trending, then an additional 22% of 
exp~cted deficits should be added, eaC'hmonth, to the long po-
sition for a 100% protection against anticipated deficits. 

c. If the first forecasts for both India and the world are 
0-10% above the actual of the previous year and above trend 
production, then any hedging activity should be delayed, for 
the time being:- If the second and subsequent forecasts (i.e., 
September-December) are up, futures activity should not be 
considered at all. On the other hand, if the second and sub-
sequent forecasts are down and below the actual of the previ-
ous year, long hedge 25% oTthe expected deficit each month 
between September and December for a total protection of 100% 
against the expected deficit. 

II. Indian foodgrain reserve level is equal to or above 18.6 MT. 

a. If the first forecast for India is 0-10% above the actual 
of the previous year and above trend; but that for the world 
is below the actual of the previous ye:ar-and below trend, no 
hedging activity should be undertaken at this time. If the 
second and subsequent forecasts (i.e., October-December) are 
up for India bu:t down for the world, !!£ futures market activi-



101 

ty is needed. However, if the second and S1.lbseq1.lent forecasts 
are down for India and the world and below the act1.lal of the 
previous· year, long hedge 12% ofthe expected deficit each 
month betwee~ September and December for a total protection of 
50% against the potential wheat deficit production. 

b. If the first forecast for India is 0.,.10% below the actuat 
of· the previous year and ·below trend and the world is 0-10% 
below the previous yeat:";-long hedge 10% of the anticipated de.;. 
ficit. If the second Indian forecast is up, then no addition-
al hedging activity; if it and the world is down, add an addi-
tional 10% · of the expected deficit to the long position, 
depending on the direction of the October-December world-Indi-
an forecasts (i.e., if India is up but below trend ~ world 
is down or up and above trend in India but downin the world), 
add an additional 30% of the expected deficit to the long po-
sition, each month for a 100% total protection OJ;' do not en .... 
gage in any additional futures activity if the latter condi-
tion holds. · 

It should be noted that the delineation of these strate-
gies was largely arbitrary with emphasis on achieving reason-
able levels of protection. No simulation or optimizing ana-
lyses were attempted. 

III.5 ANNUAL CROP YEAR ANALYSIS ----- -- . . . 

III.5.1 Crop Year : 1974/75 

The actual world wheat production for this year was 356.4 million 

metric tons (mnit). The projected world wheat trend production was 

369.18 mmt. The August 1974 forecast for the July/ June 1974/75, world 

wheat crop was 360•0 mmt which was 7.4 mmt less than the previous year 

(1973/74) when actual world wheat production was 367.4. 

In India the wheat production outlook for 1974/75, as of August 

1974, was also very pessimistic. The August forecast. estimated the In-

dian wheat production at 22.5 mmt,.down 2.2 mmt from the 1973/74 actual 
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reserve in India, in 1974, was 3.1 million tons; and the total 1974/75 

Indian commercial wheat deficit was 5,043.1 thousand metric tons (tmt). 

Thus, a situation existed in both India and the world in the 1974/75 

wheat crop year when actual wheat production was below the previous 

year's level as well as below trend production. 

Given the situation as described above, the Food Corporation of In-

dia (FCI), with the release of the August 1974 world wheat estimate, 

should have put into effect Objective Trigger (Ia). 

The September world wheat forecast of 351. 6 mmt for 1974/75, which 

represented an 8. 4 mmt drop from the previous month's forecast, should 

have provided further justification for the employment of Trigger (Ia). 

The long position in the wheat futures market should be maintained by 

India while monitoring the activities in both the cash and futures mark-

et and making the appropriate adjustments as warranted by subsequent 

crop estimates. 

III.5.2 CroE Year = 1975/76 

The actual world wheat production for this year was 350.l mmt. The 

projected world wheat trend production was 379.52 mmt. This year's ac-

tual world wheat production was 6.3 mmt less than the previous year. In 

August 1975 the forecast for the July/June, 1975/76, world wheat produc-

tion was 358.2 mmt which was 1.8 mmt more than the actual production of 

the previous year. However, the August forecast was 21.32 mmt less than 

trend production. 
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The wheat production situation for 1975/76 in India, in August 

1975, looked good compared to the actual wheat production in the previ-

ous crop year (1974/75). In August 1975, the estimate for the upcoming 

Indian wheat crop was 25.8 mmt. The observed Indian wheat crop for 

1975/76 was 24.1 mmt. For this year, projected Indian wheat trend pro-

duction was 26.5 mmt. The average quarterly foodgrain reserve in India, 

in 1975, was 5.55 million tons. The total commercial wheat imports by 

India in the 1975/76 wheat crop year was 4,053.9 tmt. Thus, in India, a 

situation existed in the 1975/76 wheat crop year when, even though actu-

al wheat production was a bit larger than the previous years crop, the 

crop was still below trend production. The case for the world's ob-

served wheat crop in 1975/76 was 6.3 mmt below the previous year. 

Therefore, with the August 1975, world wheat production estimate 

for the July/June 1975/76 wheat crop year at 358.2 mmt, which was 1.8 

mmt more than the observed wheat production of the previous year but 

22. 32 mmt less than world wheat trend production, the FCI should have 

employed Objective Trigger (Ib). Subsequent wheat forecasts would have 

justified the choice of Trigger (Ib). 

IlI.5.3 Crop Year : 1976/77 

The actual world wheat production for this year was 415. 6 mmt, 

which was 65.5 mmt more than the previous year. In fact, this years 
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world wheat production was clearly a bumper crop; the trend wheat pro-

duction for this year was 389.86 mmt. 

India, too, had a large wheat production this year. The actual( In-

dian wheat production was 28.8 mmt, a difference of 0.99 mmt above the 

trend wheat production of 27.81 mmt. The average quarterly 1976 food-

grain reserve in India was 15.85 million tons. 

The August 1976 world wheat production forecast was 376.3 mmt, up 

by more than 26.2 mmt from the actual world wheat production of the pre-

vious year -- though it was 13.56 mmt below trend production. ]The 

forecast for India was also above the previous years actual level, 

though it was ~till below trend. Thus, given the relatively favorable 

(upward trending) forecast, the FCI should have put into effect Objec-

tive Trigger (Ic). 

The September forecast was again upward trending. So, even with 

the low reserve level (recall that optimal foodgrain reserve level is 

18.6 mmt), no new futures transaction should have been initiated. 

Forecasts from subsequent months tended to confirm a forthcoming 

world bumper wheat crop - thus, providing further evidence for the 

choice of Trigger (Ic). Total commercial wheat imports for this year 

were 2,451 tmt. 
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III. 5.4 Crop Year - 1977/78 

The actual world wheat production for this year was 381.5 mmt, down 

34.1 mmt from the record wheat production of the previous year and 18.7 

mmt below trend production level for this year. Trend production was 

400.2 mmt. 

In India the situation was also not too promising. While the years 

actual wheat production (29.0 mmt) was larger than the previous year, it 

was slightly below the trend wheat production of 29.12 mmt. The average 

quarterly foodgrain reserve in India in 1977 was 18.6 mmt. Total com-

mercial wheat importations in this crop year was 243.4 tmt. 

The August 1977 forecast for the world was down substantially rela-

tive to the previous years actual level, but only slightly below trend. 

Given the fairly comfortable foodgrain reserve stocks and the directions 

of subsequent world-Indian forecasts, Objective Trigger (Ilb) would have 

been the appropriate strategy for the FCI to have employed. 

III.5.5 Crop Year - 1978/79 

As was the case two years earlier, this years world wheat produc-

tion was a bumper crop. The actual world wheat production was 446.6 

mmt, 65.l mmt more than last years production. The trend production was 

410.54 mmt. 
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The situation in India was promising. In fact, the actual wheat 

production was 31. 7 mmt, up .2. 7 mmt from the previous year. The Indian 

wheat trend production was 30.43 mmt. The average quarterly foodgrain 

reserve stocks in 1978, in Indiii, was 17.15 mmt. 

The case, then, as it e~isted in both India and the world was one ' . 

where both had above trend wheat productions. Thc;refore, the appropri'."" 

ate strate.gy would have been Trigger (Ic). India could conceivably pur-

chase all of its needed wheat in a bumper world wheat mar'ket, as the 

need developed, at favorable spot market prices. The August-November 

forecasts provided the upward trending nature of the 1978/79 world-Indi-

an wheat production. 

III.S.6 Crop Year : l979/8Q 

The actual world wheat production this year was below the record 

crop of last year. This years observed crop was. 422.2 mmt, just barely 

above the trend production level at 420.88 mmt. 

This year's wheat outlook in India looked favorable relative to the 

previous year, in the beginning of the crop year. Trend production was 

.at 31. 74 mmt; the actual was 34. 9 mmt. The average quarterly foodgrain 

reserve stocks in India was 18.67 million tons in 1979. In August of 

1979 the forecast for the upc()ming wheat crop was at 34~7 mmt, up 3 mmt 

from the record high.production of a year ago. Theupward trending In-

dian wheat forecasts were eventually realized. Thus, given events as 



107 

they prevailed early in the Indian wheat crop year, Objective Trigger 

(IIa) should have been activated during this crop year. For a more con-

venient look at the relationship between world and Indian crop prospects 

and the appropriate "trigger" consider Table 7. 



Table 7. August-December World-Indian Wheat Forecasts and Triggers For 
Futures Trading, 1974-75 - 1979-80. 

(_ 

1974-75. 1975-76 1976-77 1977.,-78 1978-79 1979....;80 

August 360.0* 358.2 376.3 397.6 412.7 407.8 --·-22.5 25.8 26.0 26.0. 31.2 34'. 7 

September 351.6 359.0 385. 7 405.8 412.4 401.2 
22.5 25.8 26.6 26.5 31.2 34.7 

October 351.7 348.5 392.6 400.7 
22.5 25.8 26.6 34.7 

November 381.6 422.5 400.6 
29.1 31.3 35.0 

December 349.9 342.1 403.6 379.6 402.9 
22.1 25.8 28.0 29.1 35,0 

Triggers Ia lb le llb le Ila 

*Underlined figure rep res en ts world wheat forecasts (i.e. 360), the other figure 
is Indian forecasts (22.5). All figures are inmmt. 

....... 
0 
CX> 



Chapter IV 

T8STS OF STRAT8GIBS AND R.£SULTS 

IV.l THB MODBLS 

In this study, four models were used. The models were used to com-

pare the relative costs associated with procuring a given deficit amount 

of wheat under four strategies. All four strategies used the August-

March, World-Indian wheat production estimates issued by the USDA-For-

eign Agricultural Service (FAS) in a given wheat crop year as a basis 

for decision making activity. Post-facto, actual Indian commercial 

wheat imports from the U.S. were used as the expected deficits in the 

relevant years. 

The strategy involved in Model I is to purchase all of the antici-

pated Indian wheat deficit production as reported by FAS in August of 

the current wheat crop year. The purchase is to be made in the U.S. 

Cash (export) market, all at one time. Note that the reliability of FAS 

August-December, World-Indian wheat production forecasts has already 

been established. The purchased wheat is stored until the forecast aft-

er December but prior to the end of the Indian wheat crop year (e.g., 

for the 1974-75 crop yar, February 4, 1975 is the ending forecast - see 

Table 5, Chapter III). The wheat crop year in India is April through 

109 
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March. Total cost of this operation is based on: (l) the cash purchase 

cost of wheat at the August U.S. export price, (2) the interest cost on 

the cash purchase money, and (3) storage cost (components of storage 

cost calculations have already been delineated in Chater III.) Table I 

reproduces relevant data. 

Model II uses the strategy of taking the August World-Indian wheat 

production forecasts and assessing any expected wheat production deficit 

pro rata over the August-March forecasting months. These prorated wheat 

deficit production amounts are then purchased intermittently in the U.S. 

wheat cash (export) market as per the releases of the FAS wheat produc-

tion reports during the curr.ent World-Indian wheat crop year. Modifica-

tions to the August prorated production deficit amounts are made with 

each subsequent crop forecast report depending on the direction of that 

forecast relative to the initial August World-Indian wheat estimate. If 

subsequent forecasts are lower relative to the August estimate, then the 

pror'ated deficit amount as determined in August shall be purchased and 

stored until the release of the next wheat production forecast report. 

Table II illustrates the activities in Model II. 

The activities involved with Model III are much similar to those in 

Model II. The important difference between Models III and II is the 

wheat futures hedging activity which Model III incorporates into its de-

cision making activity along with the cash market purchases. The amount 

of futures contracts are determined by the "triggers" as outlined earli-



Table 1. Total Cost of Cash Purchase of All Anticipated Wheat Deficit at 
One Time and Storing Until End of March for 1974-75, 1976-76 
and 1977-78. 

*Total Cost 
Year Date Amount $Price/MT Inc. Storage 

(In 1,000 MT) (Export Market) (In Mil. Dol.) 

1974-75 8/21/74 5043.1 170.00 1,137,317.149 

1975-76 8/18/75 4053.9 170.00 887,161.029 

1977-78 8/19/77 243.4 98.00 33,047.298 

*See Appendix for calculations. 

I-" 
I-" 
I-" 
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Table 2. Intermittent Cash Wheat Purchases August-March in 
1974-75, 1975-76 and 1977-78 

Total Cost* 
1974-75 Amount $ Price/MT Incl. Storage 

(In 1,000 MT) (Export Market) (In 1,000 dollars) 
8/21/74 1008.62 170.00 227,463.429 
9/20/74 1008.62 181.00 235,959.436 

11/ 1/74 1008.62 203.00 254,217.834 
12/19/74 1008.62 199.00 243,482.138 
2/ 4/75 1008.62 175.00 212,939.854 
TOTAL 5043.1 1,174,062.691 

1975-76 
8/18/75 810.78 170.00 177,432.205 

10/ 8/75 810.78 178.00 179,709.319 
11/ 3/75 810.78 161.00 162,328.861 
12/22/75 810. 78 151.00 149,445.279 
3/ 9/76 810.78 168.00 156,691.342 
TOTAL 4053.9 825,607.006 

1976-77 
8/J9/76 48.68 98.00 6,609.459 
9/19/76 No Purchase 

11/14/76 97.36 117 .00 14,558.320 
12/20/76 48.68 118. 00 7' 181. 978 
2/17/77 48.68 . 122.00 7,-133.080 
TOTAL 243.4 35,482.837 

*See Appendix for calculations. 
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er. Thus, under Model III, previously established long positions in the 

May wheat futures are lifted by selling an appropriat; number of con-

tracts as subsequent reports are released. The cash purchase (i.e., the 

physical commodity) is made in the U.S. wheat export market with the re-

lease of the report after December (i.e., February 4, 1975 for the 

1974-75 crop year - see Table 5, Chapter III). Total operational cost 

under this model, will be based on the cost of cash purchases. Further-

more, under the strategies of Model III, an additional cost element is 

introduced into the model operation viz., the cost of wheat futures ac-

tivities including profits and or losses from futures trades. Such 

costs are based on: (1) interest on initial margin cost (which is taken 

to be 5% of the value of the contract), (2) brokerage fees, (3) mainte-

nance margin costs (defined as a threshold level, set below the initial 

margin, which signals the broker to request for additional margin mom.es 

to cover the losses incurred by the trading client and thereby protect 

the position of the broker (Purcell, 1979), and (4) interest cost on 

maintenance margin money. However, in determining futures activity 

costs, no interest was charged on any additional margin monies, when the 

market dropped after buying futures, because no credit was given to the 

earning capacity of excess in the futures account. For simplicity and 

because the impact would be minimal, it was assumed the cost of added 

margin was comparable to the earning capacity of the excess balances in 

the account. Table III reproduce vital data. 



Table 3. Wheat Cash and Futures Transactions and Costs During 1974-75, 1975-76 and 1977-78. 

Interest 
Cash Mkt. May Fut. 1 Cost on Cost of Combined Costs 

Q (1,000 MT) Q (1,000 MT) 1r/Trade Margin Cash 3 Fut. & Cash 
Date p {$/MT) P ($/MT) 12000 doll. Money 1 2 000 .doll. 1,000 dollars 

8/21/74 B 2521.55, $168.66 157.297 

9/20/74 B 504.31, $168.84 44.090 
s 2521.55, 168.84 472.631 

11/1/74 B 201. 72, $198.00 23.636 
s 504.31, 198.00 14,520.377 

12/ 19/7l1 B 1815.52,$172.15 184.956 
8 201. 72' 172 .15 - 5,288.581 I-' ..... 

.po. 

2/4/75 B 5043.1, $175.00 8 1815. 52, $14l1. 59 -50;102.s20 1,064,699.272 

TOTAL -41,943.655 409.979 1, 107 .052. 906 

8/18/75 B 1216.17,$163.60. 125 .102 

10/8/75 B 141.886,$157 .9 7.181 
s 1216.17, 157.9 - 7,379.034 

11/3/75 Bll86.171,$145.22 104.061 
8 141. 886. 145.22 - 1,851.248 

12/22/75 Bl509.672,$127.04 182.067 
81186 .171, 127.04 -22,000.431 

3/9/76 B 4053.9, $168.00 81509.672,$140.08 19' 131.413 
TOTAL -12,099.3 418.411 783,456.714 795.974.425 



Table 3. (Can't.) 

Cash Mkt. May Fut. 
Q (1,000 MT) Q (1,000 MT) 

Date P ($/MT) P ($/MT) 

8/19/77 B 24.34, 88.9 

9/20/77 s 24.34, 96. 72 

11/ 14/77 B 98.57, 105.27 

12/20/77 s 98.57, 100.00 
B 120.49, 100.00 

2/17/78 B 243.4, 122.00 s 120.49, 98.75 

TOTAL 

1see Appendix for calculations. 

2see Appendix for calculations. 

3Includes transportation cost. 

Interest 
Cost of Cost of Combined Costs 

1T/Trade Margin Cash Fut. & Cash 
1,000 doll. Money 1,000 doll. 1,000 dollars 

.853 

181.395 

Li.605 

- 519.831 
8.764 

....... 
- 194.884 35,665.402 ....... 

\.Jl 

- 533.32 14.222 35,665.402 36,212.944 
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IV.2 TEST OF STRATEGIES USING FUNDAMENTAL APPROACH 

Results from: hedging activities using the fundamental approach from 

the production side (i.e., futures positions being tied to the Foreign 

Agricultural Services world wheat production forecasts), were poor. 

This is the case because total net losses in the futures market exceeded 

total net gains in all of the three years examined. We do not find such 

results too surprising. Indeed, we had anticipated results of this na-
I 

ture. This being due to a basic hypothesis that there is an early reac-

tion to changes in world wheat production conditions by large traders by 

virtue of possessing their own crop forecasting reports which may pre-

cede those of the government. If this is so, then as production condi-

tions change and these conditions are known, such information affects 

prices by the aggregate actions of trad~rs before the next official go-

vernment release. 

Perusal of Tables I and II indicate that the operational costs of 

intermittent cash wheat purchases tied to the wheat crop reports are 

cost effective in only one of the three years tested. Total savings un-

der Model II (in 1975-76), however, far exceed the additional costs in 

the years of 1974-75 and 1977-78. However, total costs in Table II (for 

Model Il), when compared with the futures Model III (Table III), are 

higher for every year tested except 1977-78. Parenthetically, it should 

be pointed out that the additional cost of • 7 million dollars, which is 
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incurred in 1977-78, by Model III is quite minimal when compared with 

the savings in excess of ninety-six million dollars in the previous 

years over Model II. 

IV.3 TfCHN!CAL ANALYSIS -- MODfL IV 

Given the exploratory nature of this study, not all of the alterna-

tive technical methods in futures trading were examined. Only the mov-

ing average approach was tested (Purcell, 1979). It is our hope, that 

should the results from this technique prove to be cost-effective, then 

perhaps further research on this issue exploring the use of other tech-

nical trading methods e.g., (a) point and figure chart or (b) the oscil-

lator could be undertaken. 

Using daily wheat futures pn.ces for the May contract from 1972-80, 

a 17 x 17 parameter moving average matrix was generated to help select 

an "optimum11 set of moving averages. From the optimized matrix, the in-

dividual parameters of 11 and 16 were selected for testing. In this mo-

del, the buy-sell signals are provided by the moving averages with the 

purchase amounts being determined by the "triggers" and the August:-De-

cember FAS wheat crop reports. If the averages are giving a buy signal 

before the forecast release date, no action is taken until the forecast 

has been released. Depending on the nature of the forecast and as out-

lined in the "objective triggers", an appropriate amount would be hedged 
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at the closing price the day following the release. If, on the other 

hand, a sell signal is in place on the date of the release, the long po-

sition is postponed for a buy signal. For example, during the 1974-75 

wheat crop year, the first August-December wheat production estimates 

for both .India and the world were released on August 20, 1974. The es-

timates (see Chapter III) were such that a .long hedge was to be execut-

ed. However, the prevailing moving average signal (which had been given 

six days earlier, on August 14, 1974), was a sell indication. There-

fore, the long hedge position was delayed until September 13, 1974, when 

the moving averages provided the buy signal and the hedge was placed at· 

the closing May 1975, wheat futures price. Had the August 14, 1974 sig-

nal been a buy indication, then upon release of the August 20 forecast, 

the long hedge would have been placed at the close of the following day 

on August 21, 1974. The September 13 hedge was lifted on November 11, 

1974 when a sell signal was issued by the moving averages. Note also 

that in the interim from September 13 to November 11, 1974 two subse-

quent forecasts were released. Both projected shortfalls would have 

been hedged the day following their respective releases. All three long 

hedged positions are lifted (sold) with the sell signal on November 11, 

1974. Table IV illustrates the mechanics of Model IV. 

For completeness, a fifth and final model was investigated. The 

key point/question in this strategy is simply this: Why not carry the 

knowledge of the expected wheat deficit all crop year, and then buy it 

all in the cash market in March or after the December crop report but 



Table L•. Wheat Cash and Futures Transactions Using Moving Average (11, 16) for 
l 97lf-7 5' 1975-76 and 1977-78. 

Interest 
Cash Mkt. May Fut. Cost of Comb. Costs 

Q (1,000 bu.) Q (1, 000 bu. ) 7T/Trade 1 Margin Cost of Cash 3 Fut. & Cash 
Date p ($/bu.) p {$/bu.) 1 2 000 dol. Money 1 2 000 dollars 1 2 000 dollars 

9/13/74 B92,651.076, 457.50 69,256.679 308.328 

9/20/74 B18,530.215, 459.5 13,480.731 54.586 

11/1/74 B 7,Lill.939, 539.0 - 500.305 25.612 

11/11/74 s 533.25 
2/5/75 B66,708.922, 386.00 -9,839.565 ,- 95.238 

2/25/75 185,302.153, 476.272 s 372. 25 1,064,694.516 I-' 

992,780.740 I-' 

TOTAL 185,302.153 185,302.153 72,397 .540 483.764 '° 
8/18/75 B44,686.585, 445.25 44.154 

9/5/75 S44,686.585, 446.25 
12/8/75 B48,797.727, 350.25 8.428 

12/12/75 S48,797.727, 340.25 -5,367.749 
1/6/76 B55,470.935, 353.50 53.185 

1/27 /76 S55,470.935, 346.25 -4,576.352 

3/9/76 148,955.247, 457.221 783,446.505 
TOTAL 148,955.247 148,955.247 -9,944.101 105. 76 7 793,496.373 



Table 4. (Con' t.) 

Interest 
Cash Mkt. May Fut. Cost of Comb. Costs 

Q (1,000 bu.) Q (1,000 bu.) 1T/Trade Margin Cost of Cash Fut. & Cash 
Date ___ Pillbu._) __ p ($/bu.) 1, 000 dol. Money· 1,000 dollars 1,000 dollars 

9/6/77 B 394;341, 250.0 1.157 

10/ 18/77 s 894.341., 266.75 140.858 
11/ 14/77 B3,621.826, 286.5 2.302 

12/2/ 77 S3,621.826, 280.37 - 258.23~ 

12/27 /77 B4,427.248, 285.37 3.115 

1/16/78 S4,427.248, 275.50 - 481. 241 
....... 

2/17/78 8943.415, 332.029 35,664.460 N 
0 

TOTAL 8943.Ld5 8943.415 - 598.619 6.574 36,269.653 

1 See Appendix for calculations. 
2 See Appendix for calculations. 

3rncludes transportation cost. 
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before March 31 (e.g., on February 4, 1975 during the 1974-75 crop 

year)? After all, such purchases would, like the hedging strategies, 

eliminate the need for storage and thereby reduce operational costs. 

Table 5 reproduces the relevant figures for Model v. 

Comparison of Table 5 with Tables 1 through 3, indicates that total 

costs for such a strategy would indeed be lower in two out of the three 

years compared to the fundamental futures trading technique, Model III. 

When the same comparison is made between Model V and the futures techni-

cal approach (Model IV), similar results are obtained: total costs in 

two out of three years are lower in Model V than Model IV. However, in 

1974-75, the technical analysis model had savings of over 71.9 million 

dollars over Model V. This cost-savings must be compared to the addi-

tional total costs incurred by Model IV over Model V of only 10. 6 mil-

lion dollars in 1975-76 and 1977-78. 

The important points to be made concerning Model V are these: 

1. While it is true that this model contains some cost-saving fea-

tures over Models I--III, these overall savings are not realized 

when compared with Model IV; 

2. This strategy assumes the risk of being able to buy all of the 

wheat at one time, in February or March (a risk which the futures 

models also assume). 

3. Model V involves total exposure to price risk in the cash market. 

In the final analysis, our basic position on Model V is that the 
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+----------------------------------------------------------------------+ 
Table 5. Cash Wheat Purchase in February-March for 1974-75, 

1975-76 and 1977-78. 

Year Date Amount $Price/MT Total Cost* 
(In 1,000 MT) (export Mk.) (1,000 doll.) 

1974-75 2/4/75 5043.1 175.00 1,064,699.272 
1975-76 3/9/76 4053.9 168.00 783,456.714 
1977-78 2/17 /78 243.4 122.00 35,665.402 

+_.,.,.. __ ...; ________________________________________________________________ + 

*Includes transportation cost. 
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risk of being able to actually buy all the wheat in February, 

given the large volume of world trade in wheat, is minimal and 

hence can be accepted by India's policy-makers. · .But to carry 

this risk plus the cash price risk when a deficit and the need 

for supplementary purchases is apparent, would not be a sound 

econ0tt1ic policy and carries substantial political and social 

risks. The futures trading models protect against this price 

risk through the hedging activities. 

!V.4 R&SULTS 

As reflected in Table IV, Model IV incurred the lowest operational 

costs. in all· the years examined except in 1977-78. Model III as com-

pared wit.h Model II, had lower total costs in two of the three years. 

The primary reasons for the relative high costs in Models I and II are 

the high storage and intere.st costs which invariably result due to the 

length Qf time the wheat must be stored. Futures trading mitigates the 

need for storage. 

The technical technique using the moving averages worked far better 

than the fundamental method in terms of profitability of trading and 

minimization of losses. Using the technical approach in futures trad-

ing, Model IV was able to ensure the same level of wheat availability at 

lower costs e.g, in i974.:.75 over 140 million dollars would have been 

saved over Model I and in 1975-76, savings of over 93 million dollars 

would have been realized. 
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The results from Models III and IV vis a vis Models I and II for 

1977-78, were not cost-effective. However, the wheat year 1977~78 must 
. . . 

be put into prospective. Historically, the August monthly U.S. wheat 

export price has consistently stayed within+ ll dollars per metric ton 

from the annual average. In point of fact, in five years out of the 

eight year period (1972-73 to 1979-80), the August £J.S. wheat export 

price never exceeded or dropped below the annual average· price by more 

than eleven dollars (see Table It, Chapter III). In three out of the 

eight years (e.g., 1972-73, 1976-77 and 1977-78), the August export 

price significantly deviated from the annual average price. Here are 

reasons lilhy; In 1972-73, the August export price was substantially be-

low the annual average by some 29 dollars. This massive price advance 

was, of course, directly related to the downturn in the wheat production 

of the Soviet Union and their consequent heavy importation of wheat 

(primarily from the U.S.), in the amount of soine 14 milllion tons. The 

August export price in 1976-77 was unseasonably high due to the severe 

world wheat crop conditons which prevailed in Australia and all of gu-

rope early in the 1976-77 wheat crop year. As it turned out, 1976-77 

was a wodd wheat bumper crop year. This brings us to 1917-78. The 

monthly August U.S. wheat export price was the lowest for this entire 

crop year. This may reflect the fact that the month of August was fol-

lowing the end of a record world wheat crop year in 1976-77. As the 

year progressed, prices advanced as crop conditions became unfavorable. 

Thus, Model I, by design takes advantage of the temporal lower pri.ces in 

August. 
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Still, in the broader context of operational cost evaluations, the 

1977-78 cost savings of over four million dollars realized in M0del I 

over Model IV, while large, cannot justifiably be compared with the sav-

ings in excess of one hundred million and sixty-five million dollars 

saved by Model IV in 1974-75 and 1975-76 respectively. Indeed, with 

savings of such magnitude, a loss of four or two million dollars (as is 

the case when the 77-78 Model II costs are compared with Model IV), can 

be sustained. 

To restate, in terms of cost effectiveness the model with the tech-

nical futures trading component (viz., Model IV), achieved the same lev-

el of food security as did Models I, II, and III, but at significantly 

lower costs in two of the relevant three years examined. Among the mo-

dels using the wheat futures market, Model IV employing the moving aver-

age technique in futures trading with the parameters ·of (11, 16) out 

performed the futures model which relied primarily on the fundamental 

approach for futures market transactions in every year tested. 



Chapter V 

CONCLUSIONS AND SOGGBSTIONS 

This study was not intended to be exhaustive. Rather, it was un-

dertaken to explore the feasibility of approaching the food insecurity 

problems of the Less Developed Countries (LDC) from a different economic 

dimension. Having completed an initial exploration, there is need for a 

more exhaustive investigation covering a longer time period, other de-

veloping countries, other commodities, etc. This study will prove use-

ful as a foundation or a place to start. It is in this framework that 

any evaluation concerning the study must be viewed. 

As with any study, this investigation has some weaknesses. We re-

cognize four major shortcomings in this study: 

1. a small sample size (i.e., 3 years tested). The analysis is best 

viewed as a "case study" approach to the problem of insecurity. 

2. lack of adquate knowledge regarding the futures market and the 

mechanics of futures trading among policy makers in developing 

countries; 

3. concerns abut availability and accuracy of data; and 

4. the political and social risks a country faces that were not con-

sidered in this analysis. 

Many developing countries in this latter part of the twentieth cen-

tury are confronted with numerous developmental, economic, political, 

126 
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nutritional, agricultural': and an array of other problems. On the agri-

cultural-economic front is the problem of low agricultural productivity 

in foodgrains and hence massive importations of food, particularly wheat 

from abroad. But the international food market prices are volatile and 

can command a sizable share of the limited foreign exchange reserves in 

a developing country such as India, thus preempting developmental pro-

grams for lack of adequate funds. Alternatively, the volatile prices 

could lead to food insecurity as a result of the high risks associated 

with volatile international food prices. It was the primary objective 

of this study to investigate the feasibility of using the U.S. wheat fu-

tures market as an alternative strategy in seeking to maintain a more 

stable food supply in the less developed countries. 

The overwhelming results from this study using the moving average 

me.thod (a technical trading approach) leads us to accept our hypothesis 

that the wheat futures market vis a vis a complete grain storage opera-

tion has the potential to reduce the costs of insuring a more stable 

food supply. Our only major concern about the generality of the results 

comes from the paucity of years tested. This was a methodological real-

ity necessitated by the choice of India as the country for the case stu-

dy. India, up until 1973, had been the recipient of massive food aid 

and thus made no significant commercial purchases. But India was a lo-

gical choice as a "test" country because of the availability of data and 

past research dealing with food security issues in India. 



128 

One of the policy implications which can be deduced from the re--

sults of this study is.this: In attempting to efficiently allocate lim-

ited foreign exchange reserves (thereby conserving whenever possible) 

among immediate domestic needs, cost-effective methods must be sought by 

LDC's. On the issue of stabilization of food supply, when domestic pro-

duction is not adequate and food-deficit needs uaust ,be met through im-

ports, a strong viable alternative to traditional cash-market related 

ways of meeting those foodgrain deficits and simultaneously conserve 

foreign exchange reserves is to use the wheat futures market. 
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The following appendices are provided to illustrate how the various 

cost figures in the tables of Chapter IV (e.g. Tables I-V) were deter-

mined. gach appendix illustrates how the figures in· a particular table 

were calculated. 
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A. l CALCULATION APPl!:NDIX TO TABLB 1 ----
Total cost in India for 1974-75 is determined in the following man-

ner: 

1. Market rate of interest is 9%. 

2. Duration of storage period from August 21, 1974 to February 3, 

1976 (which is the last forecast month prior to the end of the 

Indian wheat crop year) is 168 days. Remember, the Indian wheat 

crop year is April/March. 

3. August 1974, U.S. wheat export price is $170/MT. 

4. total amount of the 1974-75 Indian commercial wheat imports from 

the United States is 5,043.1 (in 1,000 MI'). 

5. Transportation cost in 1974-75 was $36.12/MT. 

Thus, cash purchase cost will be -

.Amount - 5043.1 MT 

$Price/MT - 170 

Cost of Purchase ~ $857,327,000 

9% 1 = 77,159,430/yr. 

$35,303,081 I i charge I 167 days 
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Storage Cost 

1. Interest: $170.00 x 9% = $15.30/12 mo. 

2. Shrinkage: 4% of 170.00 = 6.80 

3. Variable Cost = 5.00 

4. Total Cost = $27.1/MT/yr. 

Thus, with 5043.1 MT = $136,668,010/yr. 

$62,530,294 I storage cost I 167 days 

Transportation cost on 5043.1 MT x $36.12/MT is: 

$182,156, 772 

Therefore, from August 21, 1974 to February 3, 1975, storage and 

purchase costs would be: 

$ 62,530,294 

+ 857,327,000 

+ 35,303,081 

+ 182, 156, 772 

$1,137,317,147 

(storage cost) 

(cost of cash purchase) 

(interest cost on cash purchase money) 

(transportation cost) 

Calculations for 1975-76 and 1977-78 follow the same procedures. 
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A.2 CALCULATION APPfNDIX TO TABLB 2 

Total cost in India for theAugust, 1974 operation is determined in 

the following manner: 

I. Market rate of interest is 9%. 

2. Storage period is from August 21, 1974 to the business day immed-

iately after the day of the last wheat crop estimate report is-

sued before the end of the Indian wheat crop year on March 31 

(i.e., for 1974-75, the storage periods cover the intervals from 

the day after the release of a crop report up to and including 

February 3, 1975). So, for the August report, the period is 167 

days. 

3. August 1974 U.S. wheat export price is $170/MT. 

4. Total amount of 1974-75 Indian commercial wheat imports from the 

0. S. is 5043 .1 TMT. This amount prorated over the five months 

during the August-February period in which wheat forecasts were 

made translates into 1008.62 TMT of wheat which must be intermit-

tently purchased on the cash market per the release of the wheat 

crop reports. 

5. Transportation cost in 1974-75 was $36.12/MT. 

Thus, the August 21, 1974 cash purchase cost will be -

Amount - 1008.62 MT 

$Price/MT - 170 
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~ost of Purchase - $171,465,400 

9% i = 15,431,886/yr • 

.. $7,060,616 I i charge I 167 days 

Transportation cost on 1008.62 MT x $36.12/MT is: 

$36,431,354 

Storage Cost 

1. Interest: $170.00 x 9% = $15.30/12 mo. 

2. Shrinkage: 4% of 170.00 = 6.80 

3. Variable Cost = 5.00 

4. Total Cost = $27.1/MT/yr. 

So, with 1008.62 MT = $27,333,602/yr. 

$12,506,059 ·I storage cost I 167 days 

Therefore, from August 21, 1974 to February 3, 1975 storage and 

purchase costs we>uld be: 

$ 12,506,059 

+ 171,465,400 

+ 7,060,616 

+ 36,431,354 

(storage cost) 

(cost of cash purchase) 

(interest cost on cash purchase money) 

(transportation cost) 
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$ 227,463,429 

Calculations for subsequent forecasting months and years follow the 

same procedures. 
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A.3 CALCULATION AP.PBNDIX TO TABLB 3 
. . . -- ------ -

Profit.s or losses from futures transactions are determined on the basis 

of: (1) the net futures price (i.e~, the difference between the fu• 

tures price at which a contract was sold and the purchase price, weight-

ed at the appropriate amounts); and (2) brokerage fees - which for wheat 

is $. 01/bu. or • 36 7437 cents. per MT. B. g., for the first futures tran-

saction in 1974-75. 

Date Amount (1, QOO MT ) 
. . -~.-.-

$Price/MT Net in Futures --· .. · .. 

8/21/74 buy 2521.55 MT 168.66 168.84 - 168.66 

'= o.1a 
9/20/74 sell 2521. 55 MT 168.84 

- Therefore, $0.18 x 2521.55 = $453.879 (in 1,000 dollal:'s) profits. 

- But, brokerage fees for this trade is: $. 367437 x. 2521. 55 

= $926.510 

So, net profit for this trade is: $453.879 - $926.510 = 

Futures market activity costs is based on interest cost on initial mar.,. 
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gin money. 

Date Amount (l,000 MT) $Price/MT Net in Futures 

8/21/74 254.55 168.66 $21,264, 231 x 

9% i = $1,913,780/yr. 

$157,297 I i charge I 30 days 

So, the cost-in-futures for the 30 days from 8/21/74 to 9/19/74 

(since the contract will be sold on 9/20/74) is: 

$157,297 

Finally, overall futures transaction costs will be based on: 

(Profits (losses) from futures trading) - (Cost in Futures) 

All subsequent futures activity costs are determined in the same 

manner. 
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A.4 CALCULATION APPBNDIX TO TABLg 4 

Calculations for (I) profits (losses) per trade and (2) cost in fu-

tures are determined following the same procedures as used in Table 3. 
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FOOD SECURITY IN LDC 1 S: COST OF 

ALTERNATIVE CASH AND FUTURES STRATEGIES 

by 

John A. Forkkio, Jr. 

(ABSTRACT) 

The feasibility of Less Developed Countries (LDC) using the U.S. 

wheat futures market as an alternative strategy to reduce the cost of 

maintaining a more stable supply of food grains was investigated. 

India was used as a case study. 

A technical trading strategy for wheat futures, involvi:p.g 

moving averages, was employed. Results from this technical approach 

were compared with more traditional approaches involving storage 

operations, periodic buying of grain needs, and a hedging strategy 

based on reports of world and India crop expectations. Both hedging 

strategies reduced the cost of securing wheat to offset production 

shortfalls. The technical hedging str~tegy was the superior approach. 
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