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FOREWORD

The roic of agriculture in Indiz’s ecconomic development continues to be of great
importance. as i producer of tood. as an employer of about two-thirds of the labor foree,
and as a source of purchasing power for much of the nonagricultural consumer goods
and services i the eeonomy. Thus, rapid growth in agriculture is essential for sustain-
able growt™ and development of the cconomy.

Within agriculiure. foodgramn production is by far the major activity, covering

about 80 pereent of the cropped arca in India and providing the main staple source of

food. Foodgratns provide almost ali the calories and proteins consumed by the poor and
provide the rural poor with the bulk of their emplovment and income. Furtiner, with a
population of some 800 million people. what happens to Iudia’s foodgrain supply-de-
mand halances has important inplicaaons for the global balunces. That wili be partic-
ularly soas India continues to aceelerate its overall rate of growth of per capita incone.

Government policy in India has always given substantial importance to foodgrain
production. Such support. particatinly sinee the beginning of the green revolution in the
mid-1960s, nas contributed 1o remarkable growth in this sector despite many con-
straints. Yet with a growing population, ristng incomes. and the substantial latent
demand of the poor for foodgrams., the country will reqaire continuing high growth in
production.

The past performance and future prospects of Indian foodgrain production and
consumption are of considerable importance in Third World and global food consider-
ations. India. which faced food deficits till the mid-1970s. became self-sutyient or
marginally surplus thereafter: but even with this remarkable fuod production perfor-
mance, rapid economic growth and poverty alleviation have not been achieved. The
implications of the achievement ot these goals, say by 2000, on the tfood demand are
not very clear, considering the interlinkages between the growth in foodgrain produc-
tion and that in consumption, particularly in the rural arcas. India is fortunately
endowed with data that enable these implications to be analyzed.

In this study of foodgrains in India. J. SO Sarma and Vasant P Gandhi eritically
examine past growth and performance in feadgrain production as well as developments
in the growth and patterns ol foodgrein consumption. The study finds that rapid growth
in foodgrain production will be necessary but extremely demanding., especially in the
context of the dual objectives set by Indian planners—acceleration of cconomic growth
and alleviavon of poverty. Within agricufture, these objectives will require not only
rapid increase in foodgrain production but even faster growth, through diversification,
in the nonfoodgrain sector, including livestock production and horticultural crops. in
which income clasticities of demand and employment potential are high, However,
even an impressive performance may leave foodgrain deficits that would require
smports and an appropriate development strategy if accelerated economic growth and
poverty alleviation are to be achirved.



The International Feod Policy Rescarch Institute has developed a collaborative

research program on the future growth in Indian agriculture under a memorandum of

understanding with the Indian Council of Agricultural Pescarch and with funding tfrom
the United States Agency for International Development. The overall objective of the
research program, undertaken in collaboration with research institutions and scholars
in India, is 1o contribute toward increased understanding of the options and complexi-
ties in the future policies for agricultural growth. The present study is @ step in this
direction. We expect its results to be usetul in the policy formulation processes, not
only in India but also in other countries. especially since India’s richness in data and
experience allows analysis that may be difficult to duplicate elsewher

John W. Mellor

Washington, D.C,
July 1990
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SUMMARY

India has shown an impressive agricultural performance since the mid-1960s. The
increasing shortages and inabitity to cope with growing food demand at that time gave
way in the 1980s to occasional marginal surpluses. There are, however, grave doubts
on several issues——a major worry being the trend in the growth of foodgrain produc-
tion, which, according 10 some studies, shows deceleration in the recent past. This
raises questions about the sustainability of the growth and an exhaustion of the
potential of the “green revolution.” There is also concern that the growth in production
has had a narrow geographic and crop base and that substantial production growth may
not be possible in other regions and crops. Serious doubts have also emerged about the
productivities of modern iputs, which are used in increasing quantities 1o sustain
growth, There is concern about whether these productivities are declining and, if so,
whether they will continue to decline, making future growth both difficult and expen-
sive. Yet another puzzle is the emergence of foodgrain surpluses (in the form of large
government stocks) with coexisting hunger, even in the wake of impressive agrizultural
growth,

This study addresses these concerns by analyzing the nature and pattern of past
growth in foodgrain production and consumption, using national and regional data on
foodgrains. Tt uses this analysis to carefully extrapolate into the future, examining the
prospects for growth in foodgrain production and how these compare with the likely
levels of foodgrain consumption in the future. The Government of India has set for the
year 2000 the twin principal objectives of acceleration of economic growth and elimi-
nation of poverty. The study examines the implications of these objectives for the
foodgrain situation and the resulting demands on food and agricultural policy in India.

In examining the growth rates in several subperiods since the carly 1950s, the study
finds that the growth rate of foodgrain production declined somewhat from the pre-
green-revolution period (1949/50-1964/63) to the first halt of the green-revolution
period (1967/68-1975/76), but from the {irst to the second half of the green-revolution
period (1975/76-1983/84) the growth 1ete <nowed a modest acceleration from 1.9
pereent to 2.5 pereent a vear. The overall growth rate for 1949/50-1983/84 was about
2.6 pereent. This shows that the growth rate of foodgrain production has recovered and
is being sustained.

Comparing the period of the carly 1930s to mid- 19605 with the mid-1960s to carly
FOROs, there was a sharp decline in the latter period in the growth rate of foodgrain area,
indicating its declining potential. Yield-based growth, however, has sharply increased
in importance. comributing over 90 percent of the growth in production during
1975/76-1983/84. Analysis shows that most of the yield-based growth came from
wheat and rice—particularly wheat, whose average yield increased two and a half times
between the carly 1950s and carly 1980s. At the national level, growth in the yields of
individua! crops has been of major importance behind the growth in overall yields and
production of foodgrains. This indicates the criticality of policies for sustaining yield-
and technology-based growth in the future.
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Growth in foodgrain production shows much regional diversity, but this is chang-
ing. The rapid growth in the Northern region continues 1o aceelerate, driven by
increasing wheat and rice yields and diversion of area from coarse grains and pulses to
wheat and rice. In 1975/76-1983/84 the Uttar Pradesh region showed a large increase
in the growth rate of production, thus raising it almost 1o the level of the Northern
region. This was also substantialiy due to increases in wheat and rice yields and
diversion of arca from coarse cereals and pulses to wheat and rice. The Central region
also showed a large increase in the production growth rate in this period, distributed
over wheat, rice, and coarse cereals,

On the other hand. the Western, Eastern, and Southern regions showed declining
growth rates of foodgrain production. The Western region’s decline appears to be
mainly due to poor rainfall during 1975/76-1983/84 and possibly to little new, promis-
ing technology for the drvland agroclimatic regime. The Southern region’s decline was
largely due 1o diversion of area away from foodgrains—its yield growth stayed un-
changed. The Eastern region’s growth rate continued its dechne, wirning negative in
this period, but the vield growth rate showed a small upturn. A common feature of
foodgrain production in these three regions is that the growth rates of cereals declined
sharply. whereas the growth rates of pulses remained relatively high and positive. The
analysis shows that growth in foodgram production now comes from a wider regional
base than just the Northern region, that it is critically yield-based, and that the recent
acceleration appears to be associated substantially with rapid increase in mnput use,
particularly tertilizers.

Examination of all-India input use levels shows large increases in recent years.
Among the major inputs, irrigation (gross irrigated area) shows a relatively steady
increase. and high-vielding varieties (arca under HYVs) shows a very impressive
growth until the mid-1970s and then some deceleration, Fertilizer use shows substan-
tial acceleration in the late 19705 and carly 1980s. Analysis indicates a decline in the
daggregate input productivities between 1969/70-1971/72 and 198 1/82-1983/84, appar-
ently beginning around 1977/78. The decline in nput response. particularly aggregate
fertifizer productivity, may be due in part to persistent concentratien of input use in
some ireas and poor minagement toward maximizing response in others. This calls for
considerable attention from both policymakers and researchers,

From the carly 19505 1o the carly 1980s. the per capita availability of foodgrains
for human consumption. on a three-vear moving average basis. has fluctuated within a
narrow band ot 130-170 kilograms a year. with a statistically insignificant trend. Thus,
foodgrain production growth seems 10 have been largely absorbed by population
growth, reduction in imports, and *ierease in stocks. National Sample Survey con-
sumption data indicate a small imp ovement in the distribution of total expenditure
(income) between 1977/78 and 1983 in hoth the rural and urban arcas, and between the
rural and urban areas. For the poor population. the data indicate that foodgrain con-
sumption of the rural bottom quartile rose somewhat between 1970/71 and 1983, but
that of the urban hottom quartile was virtuahy stagnant. This is associated with a small
increase in the real total expenditure (incomey of the rural bottom quartile but near
steanation in that of the urban bottom quartile. The positive effect of development on
the rural bottom quartile, though, seems 1o have been partly annulled by adverse
movement of relative foodgrain prices for them,

The overall income elasticities of foodgrain demand are estimated to be 0.48 for
rural, 0.23 for urban, and 0.42 Tor national, but elasticities differ sharply by quartile,
being close to 1.0 for the bottom quartiles and about 0.1 for the top guartiles, Viewed
In conjunction with the income growth patterns, these figures indicate that a major
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reason for India’s direct foodgrain consumption not increasing more rapidly is that
development appears to have had too little effect on raising the incomes of the poor,
who have high income elasticities of demand for foodgrains.,

Broad calculations and experience from other developing countries indicate that
demand for animal feedgrains may rapidly become a major component of growth in the
total demand for foodgrains. Livestock oulput grew at a rate of 4,33 pereent a year
between 1970/71 and T984/85, and such a trend may resultin a derived demand growth
of 5-6 percent a year for feedgrains,

Assuming substantial government eimphasis on agriculture, itis possible that past
performance in production may be extended into the future. Region by region. crop by
crop, arca and vield projections on foodgrain production. based on growth rates from
1967/68 to 1983/84 with some necessary restrictions, show that the total production of
foodgrains in India by the vear 2000 may reach about 220 million metric tons, Differ-
ent. more aggregative methods of projection indicate possinle foodgrain producton of
210-215 million tons by vear 2000, Achievement of these production levels will,
however. be a formidable task and is estimated to require 100 million hectares of
rrigated area. 20 million tons of fertilizer (NPK) use a vear, and production and
distribution ot 6 million tons of HYV and improved sceds. Tt will also require a
substantial government commitment to technology-based growth in agriculture.

On the consumption side. the study made particular eftforts to examine the implica-
tions of the twin objectives set by the Indian planners-—aceeleration ol economic
arowth and climination of pover: by 2000, Results showed that the foodgrain con-
sumption (demand) outcome in 2000 can vary trom 206 1o 240 million tons including
seed. feed. other uses. and wastage. The analysis showed that the development outcome
coutd make a large difference in the foodgrain situation in 2000, ranging from India’s
becoming cither self-sutficient or surplus in foodgrains 1o becoming significantly
deficit and an importer. The estimates show. in particular, that achieving the twin
objectives is likety 1o have a substantial impact on the demand for foodgrains. This will
call for unrelenting efforts to increase foodgrain production and productivity. But even
a remarkable performance on the production side. wmnounting 1o a 2.8 perecent a year
growth rale in foodgrain production compared with 2.6 pereent in the past. may still
leave a farge supplv-demand gap and a sizable need for imports. This will in turn call
for an open mind toward imports, political courage to make them, and an appropriate
cconomic strategy to support them if aceeleration of economic growth and poverty
alleviation are to be achieved.
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INTRODUCTION

In the past 25 years the foodgrain situation in India has undergone substantial
change. From a position of growing shortages in the mid-1960s. India became able in
the 1980s to produce enough to meet its current demand and sometimes gencrate a
small surplus. This shift has led to a growing complacence in some quarters, but
concern in others. about several underlying features of production and consumption
that may make the present position difficult to sustain over the years. This study
addresses growth and patterns in India’s foodgrain production and consumption along
with some of the major factors inflaencing them. It then examines how production and
consumption are likely to change in the future and what the state of foodgrains might
be under alternative scenarios of growth and development.

Inan carlier IFPP1 report, Sarma and Roy (1979) examined the data on production,
availability. and consumption of foodgrains in India during the period 1960/61-
1976/77." The report raised concerns about an apparent stagnation or decline in the per
capita consumption of foodgrains in the country. The performance of Indian agriculture
was reviewed in another IFPRI report (Sarma 1981). which concluded that the new
strategy of agricultural production based on high-yielding varieties (HYVs) did con-
tribute to the growth in foodgrain production and productivity. But. since this growth
was confined largely to wheat and irrigated arcas, its overall impact on aggregate
foodgrain production growth was limited. Another 1FPR] report (Paulino 1986) exam-
ined past global trends in production and consumption of major food crops in the
developing countries at the overall and country group levels, and projected them to
2000 to identify the emerging gaps between projected output and estimated demand.
Trend analysis of food produ:tion and consumption was attempted by Paulino and
Sarma (1988) at the country level for two major countries, Nigeria and Brazil, in 19%6.
With this background. the present work attempts a detailed study on foodgrains in
India.

In past literature on Indian agricultwal performance there were concerns in the
carly 1980s about a possible deceleration in foodgrain production (Alagh and Sharma
19802 Desai and Namboodiri 1983). Mchra (1981) and Hazell (1982) examined the
question of instability in foodgrain production and found that instability had increased
after the green revolution. Bhalla and Alagh (1978) studied the growth rates at the
district level between 1962-65 and 1970-73; their main finding was that the yiceld effect
was the major component of growth in most of the 48 high-growth districts. Dev ( 1985)
extended this analysis to 1975-78. More recently, Bhalla and Tyagi (1989) have
examined growth in agriculture at the district and state levels using averages of
1962/63-1964/65. 1970/71-1972/73. and 1981/82-1983/84. They examined spatial as-
pects of association between growth and modern input use. and changes in regional
concentration,

"Inreference to praduction. arca, and yvield, the split years such as 1983/84 refer to the crop year from July
1983 1o June 1984, The availability data relate to calendar years. The output of agricultural year 1983/84 is
treated as available for consumption in catendar year 1984,



Narain (1977) studied the growth rate of productivity by decomposing it and
segregating the effects of changes in cropping pattern and the spatial shifts of crops.
Although the contribution of new technology to the acceleration o wheat production
is well recognized, there has been some controversy over its contribution to overall
foodgrain and agricultural production (Mitra 1968; Minhas and Srinivasan 1968;
Srinivasan 1972, 1979; Rao 1975: Rudra 1978; Dantwala 1978). Dantwala found that
the HYV technology brought about signiticant improvement in the productivity of
cereal crops, but its overall effect on foodgrain production. especially when evaluated
in per capita terms. is not significant.

Trends and projections for foodgraims in India have also been made by a number of
national and international organizations such as the National Commission on Agricul-
ture, the World Bank, and the Indian Planning Connmission, These studies. however,
were mainly hased on analysis of national aggregate data. A study (1FPR1 1984) that
examined Asian Development Bank countries, including India. also falls in this category.

The present study extends HPRIS trend analysis 1o policy research for foodgrains
in India. It uses national data disaggregatea into regions and relevant time periods on
the output side and into rural and urban arcas and income groups on the demand side.
But the primary focus is on policy research based on the following questions: Has the
trend in India’s foodgrain production decelerated in recent years? What has been the
performance of different regions ¢ Ldifferent crops and how has it changed over time?
What has been the contribution of arca, yield per hectare, and the cropping pattern on
the one hand and inputs such as irmgation. HY Vs, fertilizers, and rainfall on the other
to the increase in production? Has there been any decline in the productivity of yield-
increasing inputs over time? What have been the trends in the consumption of food-
grains over time in rural and urban arcas? In light of this analysis. what are the
prospects for growth in foodgrain output by 2000, and how does the projected level of
production « »mpare with the likely level of consumption in that year? What would be
the implications for foodgrains of the objectives of faster econoniic growth and elimi-
nation of poverty envisiaged in the Perspective Plan of the Government of India (India,
Planning Commission 1985, vol. 1. chap. 2).

The total geographical arca of India is about 329 million hectares, of which nearly
47 percent is cultivated. The gross arca under foodgrains in T983/84 was estimated at
about 131 million hectares, or nearly three-fourths of the gros: cropped area. Foodgrain
output in the same year was 132 million metric tons.” giving an average yield per
hectare of about 1.10 tons.” About 31 percent of the arca under foodgrains was
irrigated, and around 54 miltion hectares weie covered by HY Vo cereals in 1983/84, The
total consumption of chemical fertilizers was 7.7 million tons (NPK), of which 60
pereent was endogenousty produced. The share of foodgrains in fertilizer use is
estimated at about 75 percent. The estimated midyear popuiation of India in 1984 was
736 million. of which about 77 percent were in the rural arcas. The total net availability
of foodgrains, excluding the allowances for seed, feed. and wastage, and including
imports and changes in government stocks, was about 129 million tons, giving a per
capita availability of 175 Kilograms in that vear.

Chapter 3 examines the trends and changes in production of rice, wheal, coarse
cereals, pulses, and total foodgrains at the all-India aggregate level and at the regional

A N N .
= Al tons in this report are metric tons,

Foodgrains include rice. wheat, maize, sorghum, bajra, regi, sall nillets, barley, gram. and other pulses,
The area and output data relate to crop year July to June, divided into Aarif and , abi seasons,



level.* The time span of the analysis, *949/50-1983/84, is divided into the pre-green-
revolution period (1949/50-1964/65) and the green-revolution period (1967/6K-
1983/84).° The second period is subdivided into two subperiods, 1967/:8-1975/76 and
FO75/76-1983/84. The country is divided into six regions, Northern Uttar Pradesh.
Central, Western, Eastern, and Southern, mainly on the basis of geog-aphical location,
agroclimatic conditions. cropping pattern, and approximately cqual shares in total
foodgrain production.

Input productivity and production behavior of foodgrain output are examined iy
Chapter 4 using response coefficients, factor analysis. and production function anay-
sis. An attempt is made 1o find the timing and magnitude of the change in input
productivities and to separate the effects of fluctuations in rainfall on production by
using a specially constructed all-India foodgrain rainfall index.

Chapter 5 examines the changes over time in per capita availability of foodgrains
for human consumption, based on data from the Ministry of Agriculture, and in per
capita direct consumption, using National Sample Survey data. Changes in the patterns
of consumption are also examined. Alternative scenarios of production and consump-
tion in 2000 and the resulting supply-demand balances are discussed in Chapter 6,
while Chapter 7 reviews the important conclusions of this study and their policy
implications,

Coarse cereals nclude maize. sorghum, hajra, ragi. small millets, nd barley. Rice. wheat, and coarse
cereals together form the cereals group,
S . . S
" The years 1965766 and 1966/67 were highly abnormal drought years and hence were not included in this
analysis,
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TRENDS AND CHANGES IN
FOODGRAIN PRODUCTION

The past performance of the growth in foodgrain production in India is examined
here in the aggregate and with some principul underlying disaggregations into time
periods, major crops, arca and vield, and six major growing regions. Examination of
the overall aggregate time-series data shows that, with some fluctuations. and possibly
witi: changes in contributory factors, the long-term growth of foodgrain production has
been sustained at about 2.6 pereent a vear for over three decades.® Analysis indicates
that about 30.0 percent of this growth came tfrom arca increase and about 70.0 percent
from higher yields per hectare. This shows that yield increase has played a major role
in the growth of foodgrain production, and policies to sustain yield growth will be
crucial for the future.

The initial rapid increase in cropped area continued until the carly 1960s (Table 1),
Of the total increase in average gross cropped area from 97.3 million hectares in

Table 1—Area, yield, and production of foodgrains, 1949/50-1983/84

Three-Year Average

All
Coarse Food-
Item/Period Rice Wheat Cereals Pulses grains
Cropped area (million hectares)
1949/50-1951/52 30.5 9.7 38.3 18.9 97.2
1962/63-1064/65 36.1 13.5 44.2 24.1 117.8
1967/68-1969/70 37.0 15.9 46.9 22.0 121.8
1981/82-1983/84 39.9 23.5 41.7 23.4 128.5
Yield (kilograms/hectare)
1949/50-1951/52 763 688 464 501 587
1962/63-1964/65 1,014 812 557 471 708
1967/68-1969/70 1,060 1,160 577 518 790
1981/82-1983/84 1,332 1,784 746 517 1,076
Production (million metric tons)
1949/50-1951/52 233 6.6 17.8 9.5 57.1
1962/63-1964/65 36.6 11.0 24.6 11.3 83.5
1967/68-1969/70 303 18.4 27.1 1.4 96.2
1981/82-1983/84 53.3 419 311 12.1 138.4

Sources: Based on data from India, Ministry of Agriculture, Directorate of Economics and Statistics, Area and
Production of Principal Crops in India, various issues (Delhi: Controller of Publications, various years).

Notes:  1965/66 and 1966767 were highly abnormal drought years and therefore have been excluded from
the analysis. Parte may not add to totals because of rounding.

[ . . . .
" In computing this Tong-term growth rate, the production estimates for the abnormal drought years 1965/66
and 1966/67 were involved. T o dummy s used instead for these years, the resulting change in the output
growth rate is marginal, from 2.5643 percent without the dummy 10 2.5586 percent with the dummy.



F949/50-1951/52 10 128.5 million hectares in 1981/82-1983/84. two-thirds came dur-
ing the pre-green-revolution period, that is, up o 1962/63-1964/65. With the green
revolution (beginning in 1967/68). the major source of growth became the yield, and
almost three-fourths of the overall increase in average yield—from 587 kilograms in
FO49/50-1951/52 10 1,076 kilograms per hectare in 1981/82-1983/84—occurred after
1967/68. Thus. over the years there has been a change toward increased importance of
yield-based growth.

Based on three-year averages among ihe crops, wheat played a very important role
in raising foodgrain production. The yield or per unit arca productivity ol wheat at 688
Kilograms per hectare was below that of rice at 763 kilograms perhectare (measured as
milled rice) in 1949/50-1951/52. However, the productivity of wheat rose more than
two and a half times and by 1981/82-1983/84 reached a level (1.784 kilograms per
hectare) substantially higher than that of rice (1,332 kilograms per hectare). Frrom the
beginning of the green revolution. average yields increased by 55 pereent for wheat, 25
pereent for rice. and 30 percent for coarse cereals. The average vield of pulses
remained relatively stagnant at the all-India level, Thus the yield-based growth of the
green-revolution period was substantially due to wheat, with smaller contributions
from rice and coarse cereals, and almost no contribution from puises.

[Cis important to note that the arca under wheat also rose nearly two and a half
times from 9.7 million hectares in 1949/50-1951/52 10 23.5 million hectares in
T981/82-1983/84. substantially enhancing its contribution to production. The area
under rice. coarse cereals, and pulses increased relatively litte, espectally after the
green revolution. The annual average overall foodgrain production in India increased
from 57.1 million tons in 1949/50-1951/52 1o 138.4 million tons in TUB1/82-1983/84,
a fairly impressive increase of 142 percent. About half of this increase. to which rice
contributed 40 percent and wheat another 30 pereent, came before the green revolution,
Between 1967/68-1969/70 and 1981/82-1983/84. wheat contributed 55 percent and
rice 33 pereent of the increased foodgrain output. which grew at an average rate of 3
million tons a vear.

Given the Targe differences in yield as well as changes in area under different
crops. particularly rice, wheat, and coarse grains (coarse cerewls plus pulses), it was
important to at least broadly investigate which part of the large overall increase in yield
came from what can be called the “pure vield effeet” (see Narain 1977) and which part
came from the “cropping pattern effect.” The analysis was carried out for fine grains
(wheat and rice) and coarse grains (coarse cereals and pulses), fotiowing methodology
described in Appendin | The results, based on all-India data, show that in the pre-
green-revolution period as much as 97 percent of the yield increase came from the pure
vield effect, and only about 2 percent came from the cropping pattern effect (Table 2).
In the green-revolution period the share of the cropping pattern etfeet rose 1o 11
pereent. but the share of the pure yield effect remained high ac 83 percent. The analysis
shows that even though cropping pattern changes can have a large effect on yield
merease (and possibly did so in some regions). the all-India yield increase seems to
have been driven substantially by pure increases in the individual crop yields, This may
in part be because of rigidities on account of basic agroclimatic conditions as well as
constraints from consumption patterns that may have iimited the cropping pattern
changes. The analysis indicates that, within the importance of yield-based growth,
input-based pure vield growth for ach major crop may be of considerable significance
inoverall growth of yield and production. This may call for a research and extension
focus on cach of the major crops.
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Table 2—Decomposition of yield increase into pure yield effect and cropping
pattern effect, 1949/50-1983/84

Three-Year Averages

1949/50- 1962/63- 1967/68- 1981/82-

Category® 1951/52 1964/65 1969/70 1983/84
Area rillion hectzres)

Fine grains 40.1 49.6 52.9 63.4

Coarse grains 57.1 68.3 68.9 65.1

All foodgrains 97.3 117.8 121.8 128.5
Yield (kilograms/hectare)

Finc grains 745 959 1,090 1,499

Coarse grains 477 526 558 664

All foodgrains 587 708 789 1,076
Areashare (percent)

Fine grains 0.4126 0.4205 0.4342 0.493

Coarse grains 0.5874 0.5794 0.5658 0.506
Change in area share (percent}

Fine grains 0.0079 0.059

Coarse grains -0.0080 -0.592
Change in yield (kilograms/hectare)

Fine grains 214 409

Coarse grains 50 106

All foodgrains 121 287
Pure yield effect {kilograms/hectare) 117.45 237.17
Pure yicld effect (percent) 97.22 82.79
Cropping pattern effect (kilograms/

hectare) 2.08 31.40
Cropping pattern effect (percent) 1.72 10.96
Interaction {kilograms/hectare) 1.29 1.07
Interaction (percent) 17.91 6.25

Sources: Based on data from India, Ministry of Agriculture, Directorate of Economics and Statistics, Area and
Production of Principal Crops in India, various issues (Delhi: Controller of Publications, various years).

Note:  Methodology is discussed in Appendix !.

*Fine grains are rice and wheat. Coarse grains are coarse cereals and pulzes.

Al-India Growth in Foodgrain Production

In the recent literature on Indian agricultural performance. there have been serious
concerns about a possible deceleration in the growth of foodgrain production in the late
1970s and carly 1980s (see Alagh and Sharma [1980]. Desai and Namboodiri [1983]).
Later data permit a critical reexamination of this issue. For this purpose. the period
1949/50-1983/84 is divided into two periods, 1949/50-1964/65 (before the green
revolution) and 1967/68-1983/84 (the green-revolution period)”, and the latter period
is further dividea into two equal subperiods: 1967/68-1975/76 and 1975/76-1983/84.

Analysis shows that compared with the pre-green-revolution period. growth rates
in toodgrain output in 1967/68-1975/76 were lower. at 1.9 percent a year, but in
1975/76-1983/84 growth accelerated 1o 2.5 pereent a year (Table 31" The drop in the

7. - . .
[he years 1965766 and 1966/67 were years of abnormal drought and have been om tted from the growth
rate caleulations i this section.

® Computation of reliable growth rates in crop production where seasonal factors cause annual fluctuations
is ditficult. Depending upon the length oi the period covered, its beginning and end points and the
computation tormoki adopted, the rates of growth differ greatly, even atter the production data are adjusted
tor changes tn coverage and methods of estimation.
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Table 3—Growth rates in area, yield, and production of foodgrains, 1949/50-

1983/84
Al
Coarse Total Food-
Category/Period Rice Wheat Cereals Cereals Pulses grains
{percent/year)
Area
1949/50-1964/65 1.34 2.69 0.89 1.30 1.87 141
1967/68-1975/76 0.67 3.20 ~-1.07 0.31 0.77 0.40
1975/76-1983/84 0.22 1.94 -0.46 0.31 -0.32 0.19
1967/68-1983/84 0.62 2.71 -0.83 0.39 0.42 0.39
1949/50-1983/84 0.91 2 0.07 0.84 0.33 0.74
Yield
1949/50-1964/65 2.23 1.27 1.25 1.77 -0.41 1.4]
1967/08-1975/76 1.21 2.18 1.35 1.90 -1.27 1.50
1975/76-1983/84 1.75 3.72 1.14 2.45 0.1 2.28
1967/68-1983/84 1.59 2.88 1.84 2.41 -0.21 2.14
1949/50-1983/84 1.52 3.12 1.40 2.04 -0.13 1
Production
1949/50-1964/65 3.49 3.99 2.16 3.09 1.44 2.84
1967/68-1975/76 1.89 5.47 0.27 2.22 -0.51 1.91
1975/76-1983/84 1.97 5.72 0.68 2.77 -0.22 2.48
1967/68-1983/84 2.23 5.67 1.00 2.80 0.21 2.54
1949/50-1083/84 2.45 6.02 1.46 2.90 0.20 2.56

Sources: Based on data from India, Ministry of Agriculture, Directorate of Economics and Statistics, Area and
Production of Principal Crops in India, various issues (Dethi: Controller of Publications, various years).

Note: 1965766 and 1966/67 were abnormally severe drought years and therefore have been excluded from
the subperiods.

output growth rate in 1967/68-1975/76 can be largely attributed to a drop in the arca
giowth rate. but in 1975/76-1983/84 the growth in vield per hectare acceelerated from
1.5 percentto 2.3 percent. thereby compensating for the declining growth in area under
foodgrains. Thus. contrary to the concerns about deceleration. there appears to have
been some acceleration in foodgrain production from the first to the second half of the
green-revolution period. Maore recent preliminary data show that for the succeeding
three years. foodgrain production broadly hovered around the 1983/84 level of 152.4
mithion tons.,

The difference in production growth rates between 1967/68-1975/76 and 1975/76-
T983/84 when tested by a Chow F-test is not statistically significant. In this connection,
Mellor (1988) has noted that there are insurmountable statistical problems in detecting
and substantiating small changes in the rates of crowth of agricultural production,
Year-to-year weather-induced fluctuations in production are very large relative to the
cconomically significant changes in the trend that are important to deteet. Choosing a
period with i few more good or bad vears ateither end ina time series can substantially
alter the results, This is ilustrated in a table (Mellor 1988, 66) on which Mellor notes
that an alternative would be to compute rates of growth across peaks and troughs in
production that are selected tor equivalency in weather variables. For instance. on this
basis MeHor finds a growth rate as high as 3.0 pereent between the exceellent vears of
1971772 and T983/84. Using this approach. he states that the foodgrain production
growth rate in India may have aceelerated between the mid-1970s and mid- 19805 from
somewhat under 2.8 percent to about 3.0 percent. The findings in the present study
substantiate this acceleration using time-series growth rates,

The analysis here also shows that there are large differences in the growth rates
across different crops (Table 3). Between 1967/68 and 1983/84. wheat output grew at
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a rate of 5.7 percent a year, which is more than double the overall growth rate in
foodgrain output. Both arca and yield per hectare contributed almost equally to this
growth. The pre-green-revolution growth rate in wheat was around 4.0 percent, to
which arca contributed about two-thirds. The growth in rice output was 3.5 percent
before the green revolution and in 1967/68-1983/84 was 2.2 percent. of which 70
percent was contributed by vield growth. The output of coarse cereals was rising more
slowly. There was o dectine in the area under coarse cereals in the green-revolution
period, but this was more than compensated for by the yvield increase. Pulse production
continued to be stagnant. The overall rate of increase in arca under foodgrains between
1967/68 and 1983/84 was less than 0.4 pereent a year, which may continue into the
future. This implies that future increases in production will need to come largely from
vield increases.

The long-term (1949/50-1983/84) growth rate in foodgrain production came to
more than 2.6 percent. to which wheat contributed a large share with a production
growth rate of more than 6.0 percent, followed by rice at about 2.5 jrreent. About hall
of the growth in wheat production came from its arca growth, Given the slow growth
in overall foodgrain area. this indicates an increasing share for wheat, mainly through
substitution away from coarse cereals to wheat. Production of coarse cereals grew more
slowly at about 1.3 pereent. primarily due to yield growth, whereas pulses showed a
growth rate of only 0.2 pereent with a negative yield growth rate. Slow growth in these
crops, particularly when demand patterns cannot change, begins to be reflected in their
relative prices. and this s increasingly apparent for pulses. Coarse cercals may follow
suit if feedgrain demand increases. Poor growth in coarse cercals also affects agricul-
tural growth in dryland regions. where they continue to be the principal crops.

Regional Growth in Foodgrain Production

India has substantial regional heterogeneity in many aspects such as agroclimatic
conditions, resource endowments. development, and cropping patterns. Agriculture
therefore varies signiticantly across different parts of the country. This diversity makes
it meaningful to divide the country into regions for examination of production perfor-
mance. Such division also makes possible a study of underlying regional performance
over time, comparison of production growth across regions, and crop performance
within and across regions, all of which can help address important issues pertaining to
the extent and nature of regional concentration of growth and its persistence.

Division into Regions

The 31 states and umon territories of the country have been grouped into six broad
regions: Northern, Uttar Pradesh, Central, Western, Eastern, and Southern. The criteria
adopted for this grouping were geographic location, agroclimatic conditions, cropping
pattern. and division of the total foodgrain production into somewhat equal parts, The
composition and important characteristics of the regions are shown in Tables 4 and 5.

The Northern region, consisting of the far northern states and territories, contrib-
uted about 16 percent of the all-India foodgrain production in 1980/81 with a share ol
only 8 pereentin foodgrain arca. giving ita relatively high average yield of 1.9 tons per
hectare. Wheat predominates among foodgrains in the region, with a 58 percent share
ol foodgrain production,



Table 4—Composition of regions and regional shares of foodgrain production,

1980/81
Relative Share of Crops in
t'oodgrain Production
Share of Coarse
States and Union Share of Foodgrain Cereals
Region Territories Population Production Wheat Rice andPulses Total
(percent)
Northern Punjab, Haryana, Jammu and
Kashmir, Himachal Pradesh,
Delhi, Chandigarh 6.8 15.9 58 25 17 100
Uttar Pradesh  Uttar Pradesh 16.2 19.2 54 22 24 100
Central Madhya Pradesh, Rajasthan 12.6 14.6 29 22 48 100
Western Maharashtra, Karnataka, Gu-
jarat, Goa, Daman and Diu,
Dadra and Nagar Haveli 19.7 15.7 12 26 62 100
Eastern Bihar, West Bengal, Orissa,
Assam, Tripura, Manipur,
Meghalaya, Arunachal Pra-
desh, Nagaland, Sikkim, Miz-
oram, Andaman and Nicobar
Islands 26.0 21.7 11 75 14 100
Southern Andhra Pradesh, Tamil Nadu,
Kerala, Pondicherry, Lakshad-
weep 18.7 13.0 - 74 26 100
All India - 100.0 100.0 28 41 31 100

Sources: Based on data from India, Ministry of Agriculture, Directorate of Fconomics and Statistics, Area and
Production of Principal Crops in India, various issues {Delhi: Controller of Publications, various years);
and India, Ministry of Agriculture, Directorate of Economics and Statistics, /ndian Agriculture in Brief,
various issues (Delhi: Controller of Publications, various years).

Note:  Parts may not add to totais because of rounding.

Table 5—Regional foodgrain yields and shares of area and major inputs,

1980/81
Yield per Gross Area Under
Hectare of Cropped AreaUnder High-Yielding Fertilizer Irrigated
Region Foodgrains Area Foodgrains Varieties Consumption Area
(kilograms) (percent)
Northern 1,940 7.8 8.4 16.2 19.1 19.6
Utter Pradesh 1,219 16.0 16.2 20.5 213 22.9
Central 027 22.1 23.8 11.7 0.2 12.5
Western 803 23.0 19.9 19.2 20.9 13.2
Eastern 1,001 19.0 20.9 17.9 10.8 15.6
Southern 1,227 12.1 10.9 14.5 21.8 16.2
(kilograms) {million hectares) {million {million
metric tons}) hectares)
Allindia 1,023 162.2 126.7 43.1 55 49.06

Sources: For area and yield, India, Ministry of Agriculture, Directorate of Economics and Statistics, Area and
Production of Principal Crops in India, various issues (Delhi: Controller of Publications, various years);
and for fertilizers, high-yielding varieties, and irrigation, Fertilizer Association of India, Fertilizer Statistics
(New Delhi: FAI, 1985 and 1986).
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The state of Uttar Pradesh, which because of its size and total production is here
considered a region by itself, contributed almost 20 percent of India’s foodgrain
production with a 16 percent share in area. Its crop production pattern is similar to that
of the Northern region, with wheat holding a 54 percent share in the foodgrain output
of Uttar Pradesh. Coarse cercals and pulses are somewhat more important and rice
somewhat less important here than in the Northern region.

The Central region comprises tie states of Madhya Pradesh and Rajasthan and
produced about 15 percent of the country’s foodgrains with a 24 percent share in the
area. Coarse grains and pulses are much more important in this region than in the
Northern and Uttar Pradesh res lons, but wheat is also fairly important with a share of
29 percent. The average foodgrain vield is refatively low at 627 kilograms per hectare,

The Western regton contributed about 16 percent of India’s foodgrains with a share
of 20 pereent in area. Coarse grains and pulses predominate and together hold a share
of more than 60 percent in the region’s production. The ar erage foodgriain yiclds are
low, at 803 Kilograms per hectare, because of the predominant share of coarse grains
and pulses. Wheat is not important but rice holds a significant share,

The Eastern region, composed ol all the castern states, had a 22 percent share in the
country’s foodgrain production. It is predominantly a rice-growing arca. with that crop
holding a 75 percent share of the region’s foodgrain production. The remaining 25
percent is distributed among wheat and other foodgrains, The average foodgrain yield
per hectare is about 1060 Kilograms.,

The Southern region contributes 13 percent of the national output of fuodgrains
and is predominantly a rice-producing area but has almost no wheat. Coarse grains and
pulses have a 26 percent share in the region’s production. Rice yields here are the
second highest among the regions at 1.880 Kilograms per hectare, and the overall
foodgrain yield of 1,227 kilograms per hectare is also the second highest after that of
the Northern region.

The distribution of input use is also unequal among the regions (Table 5). The Uttar
Pradesh region had the Targest share in gross irrigated area and in arca under HY Vs,
whiie the Southern region accounted for the largest share in consumption of fertilizers
in 1980/81. The Central region had the smatlest shares in cach of these three inputs,
Uttar Pradesh, with 23 percent, is followed closely by the Northern region in the share
of gross irrigated arca. Barring the Central and Uttar Pradesh regions. the share of the
other four regions varied from 15 to 19 pereent in total area under HY Vs, Of the total
consumption ol 5.5 million tons of chemical fertilizers (NPK). four of the six regions
used 19-21 percent cach. The share of the Eastern region was only about 10 percent
despite o large share inarea. On a per hectare basis, fertilizer consumption in the
Northern region was more than double that of the national average.

Assembling consistent ead comparable data for the regional study of production
posed many problems. First. itinvolved putting together data from the present 31 states
and union territories over some 30 years. Many new states have been created during
this period. and the boundaries of many states have been redefined. resulting in changes
in the distribution of cropped arca. The system of crop reporting has been extended to
new arcas, thus bringing in an clement of noncomparability in the reported estimates
over time. Traditional methods of yield estimation based on eye estimates of the
condition of the crop have been gradually replaced by systematic and objective crop-
cutting techniques, state by state. The etfects of all these changes pose great problems
for time-series data analysis and valid regional comparisons, Appendix 2 describes the
way in which these problems were overcome. On this basis, largely consistent and
comparable time-series statistics for cropped arca. yield, and production could be

o
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assembled for rice, wheat, coarse cereals, total cereals, pulses, and total foodgrains
from 1952/53 to 1983/84 for the six regions of the country.

Comparison of Regional Growth Performance

The time span from 1952/53 10 1983/84 is divided into three appropriate sub-
periods: 1952/53-1964/65 is considered the pre-green-revolution period, 1967/68-
[975/76 the first part of the green-revolution period, and 1975/76-1983/84 the second
part of the green-revolution period. The years 1965/66 and 1966/67 were excluded
from the growth rate analysis because they were highly abnormal. severe, and consec-
ative drought years. which would strongly affect growth rate estimates and their
comparability.

Semilogarithmic trend equations were fitted to the annual time-series data to obtain
compound growth rates. The growth rate estimates are given in Table 6, and a few
salient growth rates are illustrated in Figures 1 and 2. The growth rate t-statistics are in
Appendix 3. Some broad figures on input levels in the six regions at three appropriate
time points in the green-revolution period are provided in Table 7. These may help in
observing some possible associations behind differences and changes in these growth
rates. The growth rate results indicate striking differences in growth across regions and
over time.

Overall Foodgrain Growth Rates

In the Northern region, production of foodgrains has been growing at a rapid rate
of 3.5-5.0 percent throughout the postindependence period. The overall foodgrain
growth rates (Table 6) show that the contribution of arca to this growth gradually
declined in the 1952/53-1983/84 period. whereas the contribution of yield substantially
increased. From 1967/68-1975/76 1o 1975/76-1983/84 there was a large acceleration in
the production growth rate. from 3.3 percent to 5.1 percett. This came mainly from an
increase in yield growth rate. from 2.0 percent to 4.2 percent, which was substantially
spurred by an imcrease in the yield growth rate of wheat as well as rapid arca growth in
both rice and wheat-——apparently at the expense of other cereals and pulses. This
indicates that the cropping patiern effect made an important contribution to yield
growth in this region. The input data in Table 7 show that all inputs have contributed
to this growth. but rapid increase in fertilizer use during 1975/76-1983/84 may have
influenced the acceleration in production growth.

In this respect the Uttar Pradesh region shows a dramatic change. Its production
growth rate was the lowest among the six regions in both the pre-green-revolution
period (0.79 percenty and the firse half of the green-revolution period (0.52 pereent),
From this it jumped to 4.8 percent in the second half of the green-revolution period.
This is an enormous change Tor the region and very significant for India. since Uttar
Pradesh has a large share in the country’s foodgrain production and area. Lighty
percent of this high growth rate is attributable to yield growth, since foodgrain area
rose at only around I pereent a year. Table 7 shows that a large contribution to this
increase may have come from fertilizers-——the annual rate of increase in fertilizer use
quadrupled in this period. whereas the rates of inerease inirrigation and HY Vs did not
show a large change.

A positive change also took place in the Central region, where the growth in outpul
of foodgrains increased from 1.8 pereent 1o 2.9 percent between the first and the second
parts of the green-revolution period. Both area and yield increases contributed to this
growth. Input data show that these could have come from significant increases in
irrigation and fertilizer use.
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Table 6—Regional growth rates of area, production, and yield of foodgrains, 1952/53-1983/84

Rice Wheat Coarse Cereals Total Cereals Total Pulses Total Foodgrains
Pro- Pro- Pro- Pro- Pro- Pro-
Region/Period Area duction Yield Area duction Yield Area duction Yield Area duction Yield Area duction Yield Area duction Yield
(percent/year)

Northein

1052/53-1964/65  4.64 599 1.20 330 525 1.80 ~0.17 245 262 1.84 4.39 252 137 1.23 -0.14 1.64 358 1.9]
1067/08-1975/76  4.54 10.24 545 275 4.49 1.69 0.21 0.85 0.65 198 438 2306 -1.98 -577 -3.85 1.26 3.30 2.02
1975/70-1983/34  8.38 11.3¢ 275 320 636 3.07 -3.69 -203 1.73 2.16 6.19 3.05 -7.55 -14.42 -7.43 0.89 5.13 4.21
Uttar Pradesh

1052/53-1964/65 1.83 429 242 084 1.54 070 -0.93 -0.61 0.33 038 1.46 1.08 053 -1.20 -1.72 0.42 0.79 0.37
1007/08-1975/70  0..2 290 206 286 214 027 -1.87 -1.74 0.13 0.44 1.69 125 -3.51 -5.36 -1.92 -0.32 0.52 0.84
1975/76-1083/84 1.81 483 297 383 834 433 -323 ~1.97 1.30 1.36 5.5! 4.00 -0.95 -0.70 0.24 1.01 4.81 3.77
Central

1952/53-1964/65 130 217 086 349 274 -0.73 130 227 0.95 1.72 234 060 208 262 053 1.82 2.38 0.56
1967/68-1975/706 .12 0.57 -0.54 2.08 502 2838 -1.34 -0.72 0.63 -0.08 126 1.34 2.6l 409 143 066 1.84 1.17
1975/70-1983/84  0.73 1.85 I1.11 1.24 562 434 1.94 316 1.20 149 374 221 -0.77 -0.48 0.30 0.83 2.87 2.02
Western

19052/53-1964/65 i.87 420 238 1.19 348 2.28 0.0l 241 241 034 298 263 -0.34 -0.27 0.07 022 259 237
1967/68-1975/76 -N0.43 1.38 1.82 1.75 8.24 6.39 -1.20 1.57 282 -0.84 222 3.09 186 3.56 1.68-0.39 236 2.76
1975/76-1083/84  0.78 1.42 0.63 -1.02 1.13 2.17 0.04 119 115 004 1.23 1.19 1,59 287 1.26 032 1.38 1.05

Eastern

1952/55-1064/65 0.69 219 1.49 0.71 223 1.51 0.72 221 1.48 070 2.20 149 057 1.10 0.52 0.68 2.07 1.38
1967/68-1975/76  0.72 0.64 -0.08 9.61 1511 5.01 -0.11 =226 -2.16 1.33 1.73 0.4’ 0.60 -2.66 -3.24 1.23 1.29 0.15
1975/76-1983/84 -0.73 -0.58 0.15 -1.87 —0.89 1.02 -1.32 099 235 -0.91 -0.48 043 0.42 3.19  2.75 -0.74 -0.22 0.52
Southern

1952/53-1964/65  2.62 4.64 196 1.6} 1.15 -0.46 -0.00 2.12 274 087 382 292 0.28 -0.18 -0.46 0.79 3.67 2.84
1067/08-1975/706  0.40 2.88 2.40 024 28.94 18.02 -0.58 1.62  2.21 -0.03 256 258 1.79 6.07 421 020 2.66 2.46
1975/76-1983/84 ~0.08 1.93 2.63 -4.90 -4.64 0.27 -2.98 -1.29 1.76 -1.72 1.12 2.80 155 5.24 3.63 -1.28 1.27 2.58
All India

1952/53-1964/65 1.57 3.34 174 229 332 1.02 0.21 1.38 1.1 0.00 263 1.62 136 0.62 -0.73 1.07 233 1.25

(o} .
1907/68-1975/76  0.67 1.89 1.21 320 547 2.18 -1.07 027 135 031 222 1.90 077 -051 -127 0.40 1.91 1.50
1975/76-1083/84 022 1.97 175 1.94 572 3.72 -0.46 0.68 1.14 031 2.77 2.45 -032 -022 0.11 0.9 2.48 2.28

Sources: Based on data from India, Ministry of Agriculture, Directorate of Economics and Statistics, Area and Production of Principal Crops in India, various
issues (Delhi: Controller of Publications, various years); see Appendix 2 for modifications to this data.



Figure I—Regional and all-India growth rates in foodgrain production,
1952/53-1983/84
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Figure 2—Regional and all-India growth rates in foodgrain yield and area,

1952/53-1983/84
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Table 7—Gross irrigated area, total fertilizer consumption, and total area
under high-yielding varieties, 1967/68-1983/84

Annual Annual
Increase, Increase,
1967/68- 1975/76-
Region/Input 1967/68 1975776 1983/84 1975/76 1983/84
Northern
Irrigation (1,000 hectares) 5,727 7,944 10,495 277 319
Fertilizer {1,000 metric tons) 146 434 1,362 36 116
High-yielding varieties {1,000 hectares) 929 5,005 8,278 521 398
Uttar Pradesh
Irrigation (1,000 hectares) 6,352 9,231 12,148 360 365
Fertilizer (1,000 metric tons) 196 485 1,643 36 145
High-yielding varieties ( 1,000 hectares) 1,848 6,332 10,145 560 477
Central
Irrigation {1,000 hectares) 3,303 4,830 6,881 191 256
Fertilizer (1,000 metric tons) 47 186 525 17 42
High-yielding varieties (1,000 hectares) 287 3,485 9,962 400 435
Western
[rrigation (1,000 hectares) 3,765 5,422 7,259 207 230
Fertilizer (1,000 metric tons) 323 639 1,637 40 125
High-yielding varieties {1,000 hectares) 1,188 0,424 11,000 655 572
Fastern
Irrigation {1,000 hectares) 5,817 7,178 8,408 170 154
Fertilizer (1,000 metric tonsj 104 322 795 27 59
High-yielding varieties (1,000 hectares) 830 5,105 9,901 534 599
Southern
Irrigation (1,000 hectares) 8,057 8,339 8,740 35 50
Fertilizer (1,000 metric tons) 341 782 1,638 55 107
High-yielding varieties {1,000 hectares) 072 5,309 7,299 542 247
Other
Irrigation {1,700 hectares) 2 L. s}
Fertilizer {1 0L metiic tons) 10 46 11
High-yielding var,~ties (1,000 hectares) e 126 154
All India
[rrigation (1,000 hectares) 33,023 42,944 53,937 1,240 1,374
Fertilizer {1,000 metric tons) 1,166 2,894 7,711 216 602
High-yielding varieties {1,000 hectares) 0,055 31,877 53,739 3,228 2,733

Sources: Based on data from Fertilizer Association of India, Fertilizer Statistics, various issues (New Delhi: FAI,
various years).

The Western region, however, showed a slowdown in the growth rate of production
from 2.4 percent to L4 pereent. or by nearly halt hetween the first and second parts of
the green-revolution period. Of even more concern is a drop from 2.8 percent to 1.1
pereent in the vield giowth rate in this region. Input data do not explain this decline,
particularly since the annual rate of increase of total fertilizer use actually tripled in the
last period. Since this decline in production growth is very large and the region is
significant in its size. population, and contribution to the total foodgrain production,
the issue s further examined below.

To study this decline. the Western region was disaggregated into its three major
states: Gujarat, Karnataka. and Maharashtra ¢Table 8). The individual growth rates
indicate that Gujyarat apparenty did not contribute to the decline. Its production growth
in fact accelerated from 1.1 percent to 3.0 percent between the first and second parts of
the green evolution period, and even the yield growth shows slight accereration,
However, Gujarat has only about @ 20 pereent share in the region’s production. The
major impact appears to have come from Karnataka, whose production growth rate
declined from about 4.3 percent to 1.0 pereent and yield growth rate from 4.8 pereent
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to =0.3 percent. Even Maharashtra’s production growth rate declined from 1.4 percent
to 1.0 percent. and this had a sizable effect given Maharashtra’s share of S0 percent in
the region. Since the Western region’s production is substantially rainfed, an investi-
gation was made into whether the decline was related to poor raintall. For this purpose,
broad state rainfall indices were computed using available zonal rainfall data (the
procedure is discussed in Chapter ). Karnataka's production showed a close associa-
tion with the rainfall index. and it appears that Karnataka's production was indeed
affected by poor rainfall. Maharashtra's rainfall index also showed @ negaiive trend in
this period until T982/8 3. and this was probably responsible 1or danipening production
growth in the ~tate. The above analysis indicates that the Western region’s production
performance in the second half of the green-revolution period was actually heteroge-
neous among states but may have been substantially affected by poor rainfall in two of
them, indicating the vulnerability of this region”s production to the rainfall situation.

Foodgrain production in the Eastern region historically has been somewhat slow-
growing (Table 6). The rate of growth dropped from 2.1 percent to 1.4 percent between
1952/53-1964/65 and 1967/68-1975/76, and in 1975/76-1983/84 the output actually
declined. though imainly because of a decline in the arca under foodgrains. There was
a slight upturn i the vield growth rate from 0.2 percent to 0.5 percent between these
two periads. possibly related to o doubling of the annual increase in tertilizer use. The
adoption of HYVs was wlso proceeding at a brisk pace (Table 7). These changes
idicate that growth performance in this region may improve in the future.

in the Southern region, the growth rate in foodgrain output was rapid before the
green revolution at 3.7 percent a year. This declined to 2.7 percent between 1967/68
and 1975/76 and further to 1.3 percent in 1975/76-1983/84. However, during 1975/76-
1983/84. yicld per hectare continued to grow at around 2.6 percent a year. This may be
refated to a doutling of the rate of annual increase in fertilizer use as well as an increase
in the rate of spread of ircigation. The rate of growth in foodgrain area, however,
declined from 0.8 percent a year during 1952/53-1964/65 10 0.2 percent during
1967/68-1975/76 and became negative (at —1.3 percent) in the second part of the

Table 8—Growth rates of foodgrain area, production, and yield in states of
the Western region, 1952/53-1983/84

Total Foodgrains
State/Period Area Production Yield
(percenl/year)
Gujarat
1952/53-1964/65 ~1.34 2.15 3.54
1967/68-1975 " 6 -1.50 1.12 2.65
1975/76-1983/84 0.00 2.98 2.98
Karnataka
1952/53-1964/65 1.03 3.53 2.48
1967/68-1975/76 -0.80 3.96 4.79
1975/76-1983/84 1.28 1.01 ~0.27
Maharashtra
1952/53:1964/65 0.36 2.09 1.72
1967/68-1975/76 0.17 1.44 1.27
1975/76-1983. 84 -0.02 0.97 0.99
‘Western region
1952/53-1964/65 0.22 2.59 2.37
1967/68-1975,'7¢ -0.39 2.36 2.76
1975/76-1983/84 0.32 1.38 1.05

Sources: Based on data from India, Ministry of Agriculture, Directorate of Economics and Statistics, Area and
Production of Principal Crops in India, various issues (Delhi: Controller of Publications, various years);
see Appendix 2 for modifications to this data.
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green-revolution period. Since the total area is not showing a decline, this indicates a
movement away from foodgrains in the Southern region.

Crop Trends within Regions

Estimates of growth rates by crop and region (Figures 3, 4, and 5) show that in the
Northern region, growth in foodgrain production came primarily from growth in rice
and wheat. More than one-fourth of the foodgrain production was rice, which rose at a
surprising rate exceeding 10 percent a year during the entire green-revolution period.
However, a farge part of this growth came from arca. which rose at 6.4 percent in the
1975/76-1983/84 period. Wheat production during this poriod also grew rapidly at 6.4
percent a year, about half of which came from arcea. Coarse cereals production has
stagnated since the green revolution, and in 1975/76-1983/84 there was a significant
shift out of coarse cereals, as shown by an arca growth rate of 3.7 percent, though
yields still rose at 1.7 percent a year. There was a substantial movement out of pulses,
which is reflected in growth rates of =7.6 and -14.4 percent in area and production,
respectively, in 1975/76-1983/84.

In the Utar Pradesh region. the rapid increase in the growth rate in 1975/76-
1983/84 was fueled mainty by wheat and rice. whose production grew at 8.3 and 4.8
pereent, respectively, but tinlike that of the Northern region, the bulk of this increase
was from yield growth. Like the Northern region, Uttar Pradesh was moving out of
coarse cereals and pulses, but in the case of pulses the rate of decline in arca was
slower, especially during 1975/76-1983/84.

The Central region had a more evenly distributed growth over all the cereals, but
wheat continued to be the fastest-growing crop with an annual production growth rate
in 1975/76-1983/84 of 5.6 percent, most of which was due to yield growth. Growth in
rice production accelerated in the same period. The output of pulses stagnated, how-
ever, showing a marginal decline of 0.5 percent a year. Of all the regions, Central had
the most rapid growth rate in coarse cereals (3.2 percent a year).

A significant decrease in the growth rate of foodgrain production occurred in the
Western region in 1975/76-1983/84, associated with a sharp decline in the growth of
wheat in area, production, and yield. Though the share of wheat is not very large in this
region (12.0 percent), in the first part of the green-revolution period there was a
significant movement into wheat that was reflected in high area and production growth
rates (1.8 percent and 8.2 percent, respectively). But in the second part of the green-
revolution period there may have been a disillusionment with wheat, as manifested in
negative growth in arca and much-reduced growth in yield and, consequently, in
production. There was also a considerable slowdown in the yield growth rates of rice
(from 1.8 pereent to 0.6 percent) and coarse cereals (from 2.8 percent to 1.2 pereent)
and increasing production of pulses (with a growth rate of 2.9 percent), which have
lower quantity yields. Pulses have the fastest-rising growth rate of all crops in this
region, perhaps indicating a response to the much-improved price envirerment for
pulses.

The Eastern region presents a dismal picture, with a decline in growth rate of
foodgrain production from 2.1 percent in the pre-green-revolution period to 0.2
percent in 1975/76-1983/84. The only major changes were m wheat and pulses. Wheat
has an 'l percent share in the region’s foodgrain production. Immediately following
the onset of the green revolution there was a great movement into wheat, as shown by
the high growth rutes of area, yield, and production. However, as in the Western region,
during 1975/76-1983/84 tnere was a change for the worse, with area, yield, and
production registering sharp declines in growth rates and even actual decreases. Pulses,
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Figure 3—Annual growth rates in foodgrain production in Northern and Uttar

Pradesh regions, by crop, 1952/53-1983/84
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Figure 4—Annual growth rates in foodgrain production in Central and
Western regions, by crop, 1952/53-1983/84
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Figure 5—Annual growth rates in foodgrain production in Eastern and

Southern regions, by crop, 1952/53-1983/84
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on the other hand, showed a comeback. with relatively high growth rates in vield and
production (3.2 pereent and 2.8 percent. respectively). perhaps reflecting in part the
much-improved national price environment for pulses.

The Southern region continued to show moderate growth in foodgrain production.
but the arca under foodgrains dectined at about 1.3 percent a vear in the second part of
the green-revolution period. showing a movement out of toodgrains. The decline in
arca came fargely from wheat (4.9 percent) and coarse cereals (= 3.0 percent a year).
But the area under pulses increased at 1.6 pereent a year. Pulse vield and production
rose at annual rates higher than those of any other region. 3.6 percent and 5.2 pereent,
respectively. This again reflects the effects of much higher relative prices for pulses.

Thus o recapitutate the regional patterns in the growth of individual crops, wheat
and rice production rose most rapidly in the Northern. Unar Pradesh. and Central
regtons. but in the Western, Eastern, and Southern regions there was a turn toward
pubse production that was reflected inincreased arca and vields. Whereas coarse
cereals dechined i almost every ather region, their production rose rapidly in the
Central region m terms of both arca and vield. On an all-India basis. wheat continued
to be the fastest-growing foodgrain crop (3 7 percent) in 1975/76-198 3/84. followed
after a large margin by rice (2.0 percent) and then by coarse cereals (0.7 percent). The
all-India output of pulses continued o decline atarate of =0.2 pereent a veait The vield
growth rate of rice rose from 1.2 pereent to 1.8 percent from the first to the second part
of the green-revolutton period. and it increased from 2.2 pereent o 3.7 percent lor
wheat. The vield growth rate for coarse cercals declined from 1.4 pereent to 1.1
percent. but in the case of pulses the declining trend appears 1o have heen arrested
during 1975/76-1983/8-L In the green-revolution period the growth seems to have been
dven substantially by vield growth, particularly in wheat and rice. This is associated
with growing levels of use of all inputs, especially tertilizers. Fertilizer use showed
stgnificant aceeleration alony with the increase in the growth rate of foodgrain produc-
tion in several regions in the second half of the green-revolution period.
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INPUT USE AND PRODUCTION BEHAVIOR

Growth of foodgrain production in India has been accompanied by substantial
increasces in the use levels o modern inputs, especially fertilizers, HY Vs, and irrigation
(Table Y and Figure 0). Fertilizer use on foodgrams has giown diamaacally from an
average of 18000 tons in 1949/50-1951/52 1o an sverage of almost 5.0 million tons in
TOR1/82-1983/84 ¢ The sources and methods for arriving at input data are given in
Appendin 40 The increase i fertilizer use has been even more dramatic since the green
revolution (post-1967/68). Between 1967/68-1969/70 and 1981/82-1983/84 the esti-
mated quantities of feriilizers applied to toodgrains icreased by more than five times.
Including the gquantities apphied 1o other crops, the total use of fertilizers reached 7.7
mithon tons in TU83/84.

The HY Vs that ushered in the green revolution in 1967/68 have also spread rapidly
from an average coverage of 8.% mullion hectares during 1967/68-1969/70 to 49.2
miltion hectares during TORT/82-1983/84 The larger part of this growth, nearly 26
million hectares, came between 1967/68-1969/70 and 1975/76-1977/78—an average of
3.2 matlion hectares o vear. Progress was less rapid between 1975/76-1977/78 and
TORT/82-1983/84 when less than 4.5 million hectares were added—an average of 2.4
milhion hectares year possibly an part because of” the relatively slow growth of
irrtgated arca. The area under HY Vs increased rapidly until 1975/76-1977/78, when it
became about equal to the irvigated arca under toodgrains. Subsequently, the HY'V arca
has expanded slowlyvobut it has surpassed the srrigated arca- -showing that HY Vs have
spread to unirrigated areas. The rrigated area under toodgrains grew very gradually
from an average of 180 million hectares in 1949/50-1951/52 to 27.9 million hectares
I 1OT7/68-T969/70 and to 387 million hectares in T981/82-1983/84.

Table 9—Average input use levels in foodgrain production, all India,
1949/50-1983/84

Three-Year Averages

High-

Yielding

Period Fertilizer [rrigation Varieties

(1,000 metric tons) {million hectares)

1949/50 1951/52 18.07 18.00 0.00
1962/63-i,54/65 281.48 23.53 0.00
1067/68-1969/70 907.42 27.87 8.82
1975/76-1977/78 2,458.40 34.50 34.79
1981/82-1983/84 4,996.41 38.69 49,24

Sources: The basic source is Fertilizer Association of India, Fertilizer Statistics, various issues {New Delhi: FAI,
various years}; for other sources and methods see “Input Data” in Appendix 4.
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Figure 6—Inputs in foodgrain production, 1949/50-1983/84
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Between 1975/76-1977/78 and 198 1/82-1983/84, fertilizer use grew by 103 per-
cent, whereas HYV area grew by 42 percent and irrigated arca by only 12 percent
(Table 9). Thus production growth and acceleration in the second part of the green-rev-
olution period may be related largely to rapid increase in fertilizer use. Growth in
yields of wheat and rice after the mid-1970s may alvo have been due to improvements
in the range of available HY Vs to suit different environments, strengthening of the
extension system, and expansion of input supply systems. which facilitated the expan-
ston of input use. Input response will be examined later,

The increase in input use levels for fertilizers and HY Vs has not been gradual but
has come in spurts and plateaus (Figure 6). Fertilizer increase showed some leveling
off arcund 1963/66, which was the severe dreught period, again around 1972/73-
1973/74. about the time when the first oil shock resulted in the doubling of fertilizer
prices, and yet again around 1979/80. which was a drought year as well as the time of
the second oil shock. Growth in the area under HY Vs showed a plateau around 1970/71
and again around 1977/78-1978/79. For both fertilizers and HY Vs, the carly 1980s saw
a growth spurt, which is reflected in a spurt in foodgrain output. Irrigation showed a
relatively slow and gradual growth throughout the 35-year period from 1949/50 to
1U83/84.

Analysis with Response Coefficients

Since inputs and output have been increasing together, with spurts and plateaus, it
is not obvious how input productivities have been changing over time. In order to do a
preliminary examination of this issue, an aggregate response analysis was done using
prior values of average response coelficients tinput-output ratios). The response coef-
ficients were obtained from Sarma and Roy (1979) (see “Basis of Response Coetti-
cients ™ in Appendix 4). The values are arca, 0.45 tons per hectare: irrigation, 0.50 tons
pe hectare: shift to wheat/rice, 0.33 tons per hectare: and fertilizers, 10 tons per ton of
nutrient (NPK). Tt is assumed in the above coefficients that the fertilizer coeflicient
includes the effect of HY Vs, The analvsis was done across three selected time points,
and three-vear average input and output levels were used te reduce the effect of
weather-related fluctuations, Table 19 presents the results of the analysis, For 1969-72
the difference between the output predicted on the basis of input levels and response
coefticients and the actual output is only of the order of 2 million tons, or about 2
percent, indicating that the response coefficients are broadly valid and hold in this
period. However, for 1981-84 the actual output talls short of the expected output by
almost 10 million tons.

This large divergence between the expected and the actual output seems to indicate
a decline inone or more of the aggregate input response coetficients. In simulating to
find which input coetticient may be mainly in question, it is found that changing the
coeftictents of area. irrigation, or shift to wheat/rice cannot help resolve the large
difference between expected and actual output. Hhis brings the focus to the lTertilizer
response coefticient. The analvsis shown in Table 10 indicates that il the fertilizer
response coefficient is reduced from 10 to 7, the difference between expected and
actual output is reduced to about T miltion tons. On this basis, the analysis suggests a
likely reduction in the aggregate fertilizer response coetficient from the previously
assumed level of 1010 the new likely level of about 7.
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Table 10—Expected production-level analysis using response coefficients

CE: gfbc::i(:)n Three-Year Averages
of the Input to Actual Difference Be-
Three-Year Averages of Production Production, tween Actual
Assumed Input Use Levels® 1969-72 1y 1-84 Expectgd Three-Year and Expected
Response  1950/60- 1969/70- 1081/82-  Over Over Production Average Production
Input Coefficient  1961/62 1971/72 1983/84 1959.62 1969-72 1969-72 1981-84 1969-72 1981-84 1969-72 1981-84
{million metric tons) (million metric tons}
Area 0.45 metric
tons/hectare 115.79 123.60 128.46 3.47 2.23
{rrigation 0.5C metric
tons/hectare 22.10 29.90 38.69 3.90 4.40
Shift to wheat/
rice 0.33 metric
tons/hectare 47.56 55.68 63.37 2.68 2.54
Fertilizer 10.00 metric
tons/ton 0.15 1.29 5.00 11.47 37.04 .. e cen s cen e
Total c.. ... ... cen 21.52 46.21 102.13 148.34 104.36 138.40 +2.23 -9.94
Fertilizer,
alternative 7.00 metric
tons/ton 1.29 5.00 25.93
Total 35.09 102.13 137.22 104.36 138.40 +1.18

Sources: Based on data from India, Ministry of Agriculture, Directorate of Economics and Statistics, Area and Production of Principal Crops in India, various
issues (Delhi: Controller of Publications, various years); Fertilizer Association of India, Fertilizer Statistics, various issues (New Delhi: FAI, various
years); and “Basis of Response Coefficients” in Appendix 4.

®Area, irrigation, and shift to wheat/rice are in million hectares; fertilizer is in million metric tons.



Sinee a substantial amount of the inerease in fertilizer use is reported to have taken
place through increasing concentration of its use ina small number ol districts in the
country (see Desai 1986, Bhatla and Tyagi 1989, and Fertilizer Association of India
1987/8%). this dectine in the response seems likely as diminishing marginal returns
become more important in weight and strength, As fertilizers are expected to play a
crucial role in achieving future growth in production. this decline in productivity is of
serious policy concern. It appears that whereas concentration of use would tend 1o
make the diminishing marginai product more important in determining the aggregate
response coetficient. diffusion would tend to make the average product. which could
be Lagher, more important. Thus policies tor diffusing fertilizer use to arcas where its
average response is higin may be important in raising aggregate fertilizer productivity.
The etfectiveness of these policies may be aided by an in-depth study of the response
function environment across regions. Further, given that much of the tertilizer use is
only in the torm of nitrogen. the deficiency of other nutrients may he getting critical
and contributing to reducing tertilizer productivity, especially in high-use arcas. Poor
application of oreanic manures may also be contributing to the decline in the produc-
tivity of fertilizers, However, it is observed that during the study period. despite the
decline in productivity even without any favorable changes in the price eavironment,
fertilizer use continued to grow rapidiy, implyving that it was stll privately profitable.
But the issue of dechining productivity remains of considesble national as well as
private concern for future growth in foodgrain production.

The above analyvsis is not able 1o show precisely when and how this decline in
productivity came about. To explore the issue further. the expected output was caleu-
lated toi cach vear using the annual input daticseries and the basic response coefficients
given ahove (10 for fertitizer). The expected output thus caleulated was ploted with the
actual output and this is shown in Figure 7.7 The plot shows that actual output
fluctated around expected output trom year to year (mainly due to weather fluctua-
tions). but until 1977/78 it staved around the expected output. However, alter 1977/78,
actual output fell below the expected and stayed below . even in good crop vears. This
shows that the fall in input productivities is likely to have been refatively recent and
appears 1o have occurred gradually after 1977/78. A plot of expected output using a
response coclficient of 7 tor fertitizer has also been made for the post-1977/78 period
(Figure 7) and appears 1o be closer to actual output in this period. This is again
indicative ol the likely decline in fertitizer response from 10 to 7, but shows that the
major fall may have come mainly after 1977/78,

Rainfail Index

The time-series analysis of refationships between inputs and outputs for Indian
agriculture requires consideration of the effect of rainfall. This is because ramnfall can
have an important etfect on agricultural production in India and because rainfall varies
considerably from year to year aceoss agroclimatic regions. Even by TORO/8 1, less than

LY N . . . .

Estimating annual utihization of fertdizers using lmear rates of merease and relating the production
potential created o Huctuating production s open to objection, Tt can at bost give an approximate
relationship, and caution is required moreaching conclusions from these data,



Figure 7--Fertilizer input response in foodgrain production, 1961/62-1983/84
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yearsicand “Basis of Response Coetticients”™ i Appendiy 4.

30 percent of the cropped area was irrigated. and therefore dependence on rainfall
continues to be greal.

Though rainfall data are collected throughout the country on a daily basis, uniil
recently very little systematic use has been made of them in crop production studies.
One effort to use rainfull dati for cereal production anaiysis in India was that of
Cummings and Ray (1969, They used data on rainfall received in ditferent scasons of
cach year tsouthwest nonsoon, postmonscon, winter, «nd premonsoon) in 31 separate
rainfall divisions of the country o construct an abi-India rainfall index using an
claborate weighting scheme based on cropping pattern and estimates of arca and
production in different divisions and states. This original index from Cummings and
Ray. for which the complete methodology is known. is available from 1951/52 1o
[968/69 and has been extended 10 1977/78 by Sanderson and Roy (1979) following (as
stated by themn the same methodology. In the present study an attempt has been made
to develop an improved and updated werghting scheme in constructing a rainfall index
tor foodgrains. However, due to limitations in the availability of data, the improved
indices could be computed only for the period 1973/74- 198 /84 (see “Calculation of
the Raintall Index™ in Appendix 1), For the carlier period, the Cummings and
Ray/Sanderson and Roy indices are used. The overlapping period 1973/74-i977/78
showed that the two indices were highly correlated and close. and therefore therc
should be litle ditticubty in merging them.,

Figure 8. which gives a plot of the raintall index along with detrended actual
foodgrain production, shows that the index has o close relationship with the actual
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Figure 8—Rainfall index and detrended foodgrain production, 1951/52-1983/84
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foodgrain production. The tracking of fluctuations in production is somewhat better
through the period 1973/74-1983/8-4 with the improved index caleulated in this study.
Prior to 1973/74, movement in the rainfall indes does not agree with movement in
production in 7 of the 22 vears, but there is no disagreement in the movenient after
1973/74.

An cetfort has also been made 1o simulate a time series on weather-adjusted
foodgrain production. A Cobb-Douglas production function is estimated using the
actual foodgram production and the estimated rainfail index. This is then used to
simulate the foodgram production at raintall indes = 100 (normal rainfall). The resul-
tant weather-adjusted production series and the actual toodprain production are plotted
in Figure 9 This indicates, for example. the great impact of ad weather on fowering
foodgrain production m 1965/66 and 1966/67. and that of good weather on raising
foodgrain production i 1977/78 and 1978/79. The plotalso shows that the 198 3/84 rise
in foodgrain production goes bevend weather-related fluctations.

Table 11 presents i comparsor between some important parameters estimated on
the basis of weather-adjosted produciion versus those estimated  from unadjusted
production. The fong-term growth rate in production is about the same for both series,
as should be expected. However there are some ditferences between the two among the
subperiods. In particular, the ncrcase i growth rite between the first and second
hadves of the preen-res olution period not only persists in the weather-adjusted series
but is greater. This convirms, bevond the ettects of weather. that there was an aceeler-
ation i foodgram production in the second halt of the green-revolution period. The
unadjusted production series shows adorbling ot the coefticient of variation between
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Fignre 9—Weather-adjusted foodgrain production, 1951/52-1983/84
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the pre-green-revolution and the green-revolution period when caleulated after
detrending, thus indicating o sharp rise in variability. However, the weather-adjusted
series shows an increase of only 34 percent in the coefficient of variation, indicating a
lesser rise in variability once weather effects are removed in both periods.

Table | 1—Weather-adjusted and unadjusted foodgrain productinn: growth
rates and coefficients of variation

Actual Weather-
Unadjusted Adjusted
Period Production Production

Growth Rate

{percent/year)
1952/53-1983/84 2.47 2.46
1952753 1964765 233 2.42
1967/68-1975/706 1.91 1.79
1975/76 1983/84 2.48 2.61

Cocfficient of Variation
{detrended production)

1952/53-1964/65 6.17 5.85
1967/68-1083/84 12.07 7.82




Factor Analysis

Foodgrain production is affected by a multitude of variables. Tt is useful from the
standpoint of analysis to sort these variables into groups, characterize the groups, and
broadly assess their relative importance. One systematic method of achieving this is
factor analysis.' Factor analysis was, therefore, carried out on several explanatory
variables of foodgrain production, namely. area under foodgrains, arca under rice and
wheat, fertilizers, arca under HY Vs, irrigated area, and rainfall. The analysis may be
usclul in identifying important independent factors and also in showing those variables
that are not independent in the datacand theretore tall in the same factor. The summary
results of factor analysis are shown an Table 12 ¢the complete results are given in
Appendix 53 The cigenvalues show that among the six explanatory variables included,
only three major factors can be identified. The first factor accounts for 78 percent of
the variation (this is total variation and not variability around trend). The correlations
with the explanatory variables in the rotated factor matria show that because ol its close
relation to fertihizers, HY Vs, and arrigation, this factor can be characterized as the
technology/inputs factor. Stnce all three of these variables-— fertilizers, HY Vs, and
irrigation---load on to the same fector, they seem to be moving closely together and
may be highly correlated. This indicates that in production function analysis their

Table 12—Summary of factor analysis results for foodgrain production

Principal components on six variables ! 2 3 4 5 O
Cumulative percentage of eigenvalues 0.78397 0.94596 0.99250 0.99753 0.99899 1.0000
78 percent 16 percent S percent R R R

Rotated factor matrix—-(three factors)

Factors 1 2 3
Factor idenfitication Technology/
Inputs Rainfall Area
{correlations)
Variables

afg (area) 0.50537 0.19469  0.83767
arw (rice/wheat) 0.72269 0.10649 0.67787
frig {fertilizer) 0.95102 0.08348  0.33185
hvig (high-yielding varieties) 0.915006 0.08499 0.38171
irfg {irrigation) 0.81075 0.01c38 0.57895
rain (rainfall) 0.06285 0.99221 0.10688

Note: Detailed results are given in Appendix 5.

" In order 1o turther understand the refationship between inputs and outpats, factor analysis wd production
function analy sis are done. The former works only with explanatory variables or the inputs in this case. This
analysis takes the entire vanation s the block of explanatory variables and divides it into orthogonal
componenits ar tactors that are “parallel™ or semalar within themsedves but “perpendicular™ or independent
trom one another. Two characteristios of these factors are then sepocted. One is their eigenvalues, which in
percentage terms show how much of the total variation s explained by cach factor, The second is their
carrelation with cach of the explanatory variables, which shows the explanatory varialles the factor is
closely retated 1o, The second helps toadentify the Lictors that may be behind the explanatory variables when
groups of them are closely related (Green 197K),



individual effects on output may become difficult to separate because of the problem
of multicollinearity.

The second factor, which carries 16 percent of the variation, is very closely related
to rainfall and may be called the rainfall factor, Tts share of the variation is substantially
lower than that of the technology/inputs factor. The third factor is most closely related
to area and carries 5 pereent of the total variation. ‘The factor analysis also shows that
areaand technology inputs have a moderate and positive correlation, but arca and
rainfall have only o small positive correlation, and inputs and rainfall have almost no
correlation. This s indicative ol a relatively weak empirical relationship between
ramfall and arca. and betwveen rainfall and inputs.

Production Function Analysis

Production function analysis was carried out using time-series data in an attemplt
to directly assess the relationship between inputs and output. This was done on an
put-output basis without bringing in prices: price response was expected to be
reflected through changes in input use. Further, area was eliminated from the relation-
ship by taking vield per hectare as the dependent variable."! Area under rice/wheat was
also dropped. sinee it accentuated multicollinearity, and because it was not found very
usetul, especially when tertilizers, HY Vs, and irrigation were all included.

The functional forms tried (presented for a two-input case) are yp = yield, x; =
mputs, ¢poupand viare error terms, and the restare parameters: tis the time subscript.

Lincar;
Yy T gty Xy iy X, e (n
Cobb-Douglas:
b, b
— o2 2
Yy =by xy X0 u, (2)

This is linearized for estimation by taking: the logarithm of both sides:

log y, = log by + by log x; +b, log x5, + log U (3
Transcendental:
¢ dx ¢y dyx
—c v bl 72 M,
Yi=Cp Xy ¢ X ¢ Vi (4)

! . . . . . . .
H Most researchers have found that the input-output relationships are estimated better with yield per hectare
as the dependent variable vather than production.
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For estimation /" parameters, this is lincarized by taking the togarithm:
logy, =loge,+ ¢ logx +dy X +osTog s +dyx, +logv, (5)

One criterion tor selecting these functional forms is parsimony of parameters, that
is, fewer parameters to be estimated, and this becomes important given the high
multicollinearity and the Timited degrees of freedom (see FFuss, MeFadden, and Mund-
lak 19785 The lincar form s the simplest but has the most restrictive production
behavior assumptions, such as constant marginal productivities. With the same number
of parameters, the Cobb-Douglas form has more aceeptable assumptions but issumes
constant etasticities and allows hitle tlexibihity 1o the shape ol the production frontier.
The transcenacntal form doubles the namber of parameters to be estimated but is
theoretically attractive. sinee it allows considerable fleaibility in the shape of the
input-output response frontier (see Halter, Cartercand Hocking 19537)0 Tt can accommo-
date mcreasimg, decrcasing, and classical production functional forms.

Al of the above functional forms assume separability between inputs, which is a
limitation. However, relaxing this assumption requires moving into other forms such
as translog and quadratie (fulhy, but these forms greatly add to the parameter load. and
given the problem of mulucotlinearity and limited degrees of freedom, experimenta-
tion showed that their empirical results were poor, unstable. and unrealistic. A princi-
pal-components approach, as suggested by Mundlak (198 1), was also attempted to get
over the problem of multicoltinearity. This, however, brought little improvement in the
results with the given data. The reasons for such an outcome seem evident from the
results of the factor analvsis. which showed that fertilizer. HY Vs, and irrigation all
load very stronghy on to one and the same tactor, and only rainfall could be separated
as @ distinet factor. Thus the principal-components approach could not ctffectively
overcome the problenm of multicollineanty between fertilizer, HY Vs, and irrigation.
However, results of regressions between principal components and yield indicated that
the component that represented fertifizers HY Vs and irrigation explained 85 percent
of the variation in the vield ttotal vartationy, whereas the component that represented
rainfall exphaine Vabout 5 pereent.

This study does not address technicai change as cvaluated in general aggregate
cconomic analyses. but only as reflected in the growth in vse of modern inputs of
irrigation. fertilizers, and HY Vs, Trrigation is ofien considered a lead variable in
technical change. but exannnation of past changes in India indicates that development
of irrtgation by iselt might not have brought about growth in the other two inputs and
therefore the rapid growth in vield. Each input. at appears, has required its own
ivestment and efforts and has made its own contribution. Therefore, it would be
mcorrect to relate all technical change to irrigation. The framework leaves out some
iputs sach as labor, power, and machinery. One important reason for this omission is
that 10is extremely didticult to get accurate information on the actual use levels of these
mputs. Besides, some of them. such as Fabor, may not be strongly constraining and may
be surplus, so therr gquantities may not be instrumental in determining production
changes. To the extent that this is not trae, 1t may cause an excluded variable upward
bias of the coefticients, somie of which is frequently unavoidable. Further, this analysis
does not use mossestate datae A cross-state production function analyvsis, though inter-
esting, might not be accurate because of large differences in soils, agroclimatic condi-
tions, cropping patterns (as indicated i Chapter 3y, and more, most of which would be
difficult to fully incorporate through measurable viarables and available data. Incom-
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plete incorporation could cause unknown biases, leading to difficulty in making infer-
ences. Therefore, aggregate analysis was preferred here,

Apart from checking theoretical consistency. a major cross-check of the empirical
results was done by computing input-output coefticients at the mean from the estimated
production function parameters, and these were compared with estimates of response
coefticients accepted in the research literature and used in Indian planning and projec-
tion work. as discussed above in connection with Sarma and Roy (1679). The empirical
results are presented in Tables 13 and 14 (variable definitions are in Appendix 6). In
terms of R and F statistics, all the functional forms show good fits. In the linear case,
all the parameters have the right signs, but the t-stalistic significance of cach coeffi-
crent—except that for rainfall- - is weak., showing that partial response frontier fits of
this functional form are not strong. There is substantial mprovement of the signifi-
cance in the Cobb-Douglas tunctional form., indicating the greater efficacy of this form.
However. the HYV coefficient has an incorrect sipn. The function also seems to
exaggerate the mput-output coelficient of irrigation and underestimate the coefficients
of fertilizers and HY V. The transcendental functional form. on the other hand, exag-
gerates the effect of fertilizers and HY VS but makes the mput-output coefficient of
irrigation negative. This “sharing of the cake” problem manifested in the instability of
coetficients appears to be an outcome of the high multicollinearity between fertilizers,
HY Vs, and irrigation brought out in the factor analysis. These results also show how
unreliable it could be 1o test only one functional torm, especially without comparing it
with prior values for coelficients.

One alternative under this multicollinearity problem was to force . vrior vitlue on
the drrigation coefficient. Thus the transcendental function was reestimeaed, with the
irrigation input-output coetficient being tixed at 0.5, a value frequently ac epted for
India (see Sarma and Roy 1979). This last restricted transcendental function ¢ives the
followine input-output coetficients for each of the inputs: 5.50 for fertilizers (note that
the HYV effect is segregated). 0.50 for HY Vs, 0.50 (by restriction) for irrigation, and
0.34 for rainfall. The good tracking of actual yields by this function is shown in Figure
0.

The input-output coefficient of HY Vs shows that for every million hectares of
increase in the coverage of HY Vs, there is a 0.5 million-ton increase in production of
foodgrains. Further, an examination of the magnitude and significance of coefficients
i different functional forms indicates that HY Vs show a positive semilogarithmic
nature of response. This indicates that the spread of HY Vs may hold considerable
potential for increasing foodgrain production.

Rainfall appears 1o be showing close to a classical production function response.
The standard deviation of the rainfall index is about 10 points and gives a coetficient
of variation of 10 percent. which is not as high as may have been expected. It probably
shows that there is substantial regional compensation between good and bad rainfall
arcas i most years, Only ina rare year is the rainfall adverse for the country as a whole,
and the statistical variability of the all-India foodgrain rainfall index does not appear
very high when studied over the past 33 years. Further, the rainfall input-output
coefficient is estimated to be 0.34, which implies that, on an average. a one-standard-
deviztion (10 points) drop in the rainfall index (one standard deviation covers 658
percent of a nermal distribution) reduces foodgrain production. through yield change,
by 3.4 million tons. This may not be considered large in pereentage terms relative to
the T981/82-1983/84 average production level of about 140 million tons. Rainfall
would also influence production through changes in the arca. Preliminary analysis on
this shows that detrended area is also highly correlated with the rainfall index. But the
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Table 13—Production function estimation results, 1951/52-1983/84

Functional Form Esctimation (N - 33)
Linear YIELD - 40.60 + 3.50-FERT + 2.37 -HYV 4+ 15.02 -1RRG + 3.39-RAIN
(0.19) (1.48) {0.73) {1.77) (4.30)

Adjusted R* - 0.94  Fstatistic  118.4  Durbin-Watson - 1.38

Cobb-Doublas LOG(YIELD) 1.89 + 0.039-LOG(FERT] 0.0090-LOG({HYV)
(2.51) (2.006) (-0.92)

+ 0.74-LOG(IRRG) » 0.53-LOG(RAIN)
(3.73) (6.77)

Adjusted R? -~ 0.94  Fstatistic  127.5  Durbin-Watson - 1.61

Transcendental LOGIYIELD) - -5.65 + 0.0032-FERT + 0.072-LOG (FERT)
(~0.90) (1.05) (2.67)
+0.012-HYV  0.0088-LOG(HYV) - 0.095-IRRG
{3.40) (-0.75) (~-1.30)
+ 1.60-LOG({IRRG)  0.023-RAIN + 2.50-LOG (RAIN)
(0.85) (-2.45) (2.73)

AdjustedR?  0.97  Fstatistic  123.1  Durbin-Watson = 2.19

Transcendental LOG(YIELD} -12.21 + 0.0040-FERT + 0.034 - LOG(FERT)

{forcingirrigation (-2.28) (1.24) (1.90)

1-O coefficient o

0.50) + 0.0081 -HYV  0.022-LOG(HYV) - 0.15-IRRG
(2.74) (-2.17) (-2.07)
+ 3.54-LOG(IRRG)  0.026-RAIN + 2.97 - LOG(RAIN)
(2.10) {-2.78) (3.23)

AdjustedR°  0.97  Durbin-Watson  2.35

Notes: The numbers in parentheses below parameter estimates are t-statistics. Results are strongly affected by
multicollinearity between irrigation, fertilizers, and high-yielding varieties. The implied input-output (I O)
coefficients from these regression estimates are given in Table 14. The transcendental production function
gives the greatest flexibility to the shape of the production frontier vis-a-vis each input. Other functional
forms such as translog and quadratic were also tried. These forms introduce interaction terms that greatly
increase the variable load, and this coupled with the already great multicollinearity problem leads to poor
and unstable results.

Definitions of variables:

YIELD  yield of foodgrains in kilograms per hectare,

FERT fertilizer use inkilograms per hectare,
HYV percent coverage of high yielding varieties in foodgrain area,
IRRG percent coverage of irrigation in foodgrain area, and

RAIN all India foodgrain rainfall index.

estimated impact on production through the area from a one-point change in the rainfall
index is only about one-third in magnitude compared with the impact on production
through the yield, at the mean.

The above analysis shows that though rainfall is a very important factor in deter-
mining India’s foodgrain production, with a high statistical significance in all func-
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Table 14—Implied input-output coefficients at mean from production function

estimates
High-
Yielding
Functional Form Fertilizer Varieties irrigation Rainfall
{metric tons/ton) (metric*ons/hectare) (million
metric tons/
index point)
Linear 3.50 0.24 1.50 0.40
Cobb-Douglas 2.74 -0.06 2.51 0.50
Transcendental 7.57 0.86 -2.04 0.24
Transcendental (forcing irrigation
1-O coefficient to 0.5) 5.49 0.50 0.50 0.34
Additional estimates
Transcendental (forcing icrigation
1O coefficient 10 0.4) 5.58 0.52 0.40 0.34
Transcendental (forcing irrigation
I O coefficient 100.25) 5.70 0.54 0.25 0.33
Transcendental texcluding high
yielding varieties) 2.10 . 0.33 0.36
Transcendental (excluding high
yielding varieties and forcing
irrigation | ()10 0.5) 8.64 ce 0.50 0.36

Notes: In the linear case the yield equation regression coefficient directly gives the marginal productivities. In
orde r to obtain the input output (1-O)) coefficients in the units given above, the high-yielding varieties and
frnigation coefficients need 1o be divided by 10, and for rainfall the coefficient needs to be multiplied
by {118.71/1000). In the Cobb Douglas case, the yield equation regression coefficients give the elas-
ticities, which can be converted to derivatives at mean by multiplying with (mean yield/mean input level}.
These can be converted to input output coefficients using the same methods as for linear. For the transcen-
dental case, following Halter, Carter, and Hocking {1957}, the derivatives at mean can be calculated as
follows: dy/dx yla/x + b), where y is mean yield, x is mean input level, a is coefficient of log input
terms, and b is coefficient of linear input terms. The derivatives can be converted to input-output coefficients
using the sare methods as for linear.

tional forms. its average variability for the country as a whole is not extremely high
when evaluated over the past 33 vears. Further. when studied over many years, its
effect on total toodgrain production in the country may not be as great as often
assumed. Aninteresting arca of turther research could be 16 examine the impact of two
or three consecutive bad rainfall years on foodgrain production,

Table 13 also shows several additional estimates obtained through ahernative
assumptions i the production function analysis, Since a prior value of 0.50 was forced
for the irrigation input-output coetticient. it became important to cheek the sensitivity
of the estimates 1o this assumption. The results show that varying the irrigation
imput-output coetticient to 040 and 10 0,25 canses onlv e small change in the input-out-
put coetticients of fertihzers, HY Vs, and rainfall, ‘

Enthe carlier approach of studying input response. the effect of HY Vs was included
under the tertilizer response, and no distinction was made between HY Vs and fertiliz-
ers. Tosimulare thiss the HY'V variable was dropped from the cquation, and the
cquation was meestimated. The results show that the fertilizer input-output coefticient
under this assumption comes 10 900 car the mean), and for rrigation the coetficient
comes to 033 "o provide comparability: with the carlier estimate. the irrigation
mput-output coethicient was toreed 100,50, and the results show that this causes o small
reduction in the fertic 7er imput-output cocetticient to 8.6-4. This result obtained through
production function anilysis supports those obtained carlier through the analysis using
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Figure 10—Production function: actual and predicted values, 1951/52-1983/84
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Souice: Based on results of the second transeendental equation in Table 13,

response cocetficients. The resnonse coefficient analysis indicated a decline in the
response for fertilizers, from a respoase of the order of 10 in the 1960s and carly 1970s
to & response of the order of 7 in more recent years. The production function analysis
indicates a compazable response at the mean of 8.6. This supports the hypothesis that
there has been a decline in the aggregate fertilizer response. Since fertilizers are
expected to play a crucial role in the future growth of foodgrain production, this decline
in the response is of major policy concern,

Yields under High-Yielding Varieties and Irrigation

This section provides some further facts on yields obtainable with HYVs and
irtigation. since these could not be fully dealt with within the framework and methods
above because of the multicollinearity problem.

In 1983/84 the arca under HY Vs reached a level of 54 million hectares, of which
rice and wheat accounted for about 41 million. A shiftto HY Vs is expected to increase
yields, and the available data on HYV yields in selected states indicates that the
ditferentials between HYVs and local varieties are relatively high but have a wide
variatton from state to state. The HY'V yields for wheat in 1983/84 were about 3.0 tons
per hectare in Punjab, 2.7 tons in Gujarat, and 2.5 tons in Haryana, whereas in other
states they ranged only from 1.0 to 2.0 tons per hectare. For rice the HYV yields were
3.0 tons per hectare in Punjab and West Bengal. followed by Haryana (2.7 tons) and
summer rice in Karnataka (2.5 tons). The yields quoted above are state average HYV
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viclds based on the results of crop-cutting experiments, The wide differences in state
HY'V yields can be attributed to variations in soil fertility, input use. and adoption of
improved agricultural practices, including water management. In Punjab, HYV vields
may be refatively high because of 1 pereent irrigation of the foodgrain arca and a high
rate of fertilizer application CH3 Kilograms per hectare in 198 3/8-4). On the other hand,
i the Central region states of Madhya Pradesh and Rajasthan the average vields are
low, possibly because of fess irmgation and low per hectare use of fertilizers (Table 15).
These yields mdicate that the YV vields are higher than average, and the vield
differentials across states indicate that there may be scope for further improvement.
even in HY'V vields,

Prrigated arca under foodgrains reached i level of 40 million hectares by TO83/8.4,
Foodgrain yields under irrigation are generally known to be higher than those without
irrigation. Ageregated datn on average vield per hectare of irrigated and unirrigated
foodgrains are notavailable, However, disaggregate data on tvigated vields in selected
states hased on crop-cutting experiments indicate that rrigated wheat vield in Punjab
was 31 tons per hectare i FOS3/S40 In Gujarat and Haryana the irrigated vield
averaged 27 wnd 2.5 tons, respectively, whereas in the remaining states it was about 2
tons perhectare or lower. Inrice. again Punjab led with 3.1 tons per hectare, followed
by West Bengal with 2.7 1ons (winter cropr. In West Bengal. however, irrigated
summer rree yielded 3.9 1ons perhectare. These yvields actually represent the combined
effects of irngation. HY' Vs, chemical fertilizers, and associated improved practices.
These yields also show that the vields under irrigation are higher than average, and the
vield differentials across states indicate that there could be further scope for increasing
irrigated vields.

Table 15—Irrigation, high-yielding variety, and fertilizer use, and crop yields
in selected states, 1983/84

Madhya

Item Punjab Pradesh Rajasthan
Irrigated area under foodgrains

tototal cropped area (percent) 91.0 13.2 18.9
Yieid ofirripated rice (metric

tons/hectare) 1.1 1.5 1.8
Yield of irrigated wheat tinetric

tons/hectare} 3.1 1.8 1.7
Arcaunder HYVs tototal area

under foodgrains (percent) 89.9 22.1 21.8
Yield of HYV rice {metric tons/

hectare) 3.0 1.7
Yield of HYV wheat (metric

tons/hectare) 3.0 1.9 1.9
Fertilizer use (kilograms/

hectare) 143.1 14.5 113

Sources: Based on data from India, Ministry of Agriculture, Directorate of Economics and Statistics, Area and
Production of Principal Crops in India, 1985-86 (Delhi: Controller of Publications, 1987); and India,
Ministry of Agriculture, Directaraie of Economics and Statistics, /ndian Agriculture in Brief (Delhi:
Controller of Publications, 1986).

Note:  HYV  high-yielding variety,
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TRENDS AND CHANGES IN PER CAPITA
CONSUMPTION OF FOODGRAINS

Statistics on per capita consumption of foodgrains in India are available from two
separite sources that use entirely diffeient methods. The Ministry of Agriculture
annually computes and reports in s Bulletin on Food Statistics the per capita availabil-
ity of foodgrains, using net production, net imports, changes in government stochs. and
midvear population. These estimates are essentially based on supply-utilization ac-
counts and use the disappearance concept. The second sonree is the National Sample
Survey Organization (NSSOY of the Department of Statisties. which reports data on per
capiti consumption of foodgrains in quantity and value terms from houschold con-
sumer surveys that are carrently conducted every five years. The National Sample
Survey (NSSy data are, therefore. based on direet estimation of consumption through
the interview method. These permit a more disaggregate examination of the consump-
tion levels and patterns. This chapter uses both of the above estimites to e<amine the
trends, develscand patterns of consumption, in rural and urban arcas, by crop and by
quartite group.

Per Capita Availability

The data on net availability of foodgrains do not account for changes in private
stocks with trade. farmers, or consumers. as data on these are not readily available. The
net production is obtained by subtracting from the gross production an overall prede-
termined allowance of 12,5 percent for seed. feed, and wastage.'? Ideally, the seed use
estimate should be based on seed rates and areas under different crops, and the rates
relative to production would have changed considerably, especially after the introduc-
tion of HYVs. The feed use estimate should be based on the feeding ratios and
measures of livestock output, and the wastage should be determined separately as a
percentage of the foodgrain output. However, in the absence of any representative
survey data giving alternative rates and ratios for these, there was no feasible way
around these weaknesses in the data. Theretore, these weaknesses having been men-
toned, the Minictry™s figures on net production and per capita availability are used in
the following analysis,

Figure 11 gives a plotof the annual national per capita availability of foodgrains
from 1951 to TOS4 Tt shows that availability has fluctuated considerably but without a

I . . _—
Ditterent pereentages are apphied to difierent toodgrains: tor rice the allowance is 7.6 percent, tor wheat,
12.F pereent, and for the aggrepate of cereals and puises, 12,5 pereent.



Figure 11—Per capita availability of foodgrains, 1951-84
Kilograms/Year
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major trend. The following table gives estimated compound growth rates of per capita
availability and their t-statistics for different periods.

Time Period Growth Rate t-Statistic
{percent/year)

1951-84 0.19 1.85
1951-65 (.10 394
1968-84 negligible 0.03
196%-76 -0.79 -1.32
1976-84 0.27 0.39

The results show that the trend growth rate for the period 1951-84 as a whole is
only 0.2 percent a vear and is statistically insignificant. The first subperiod (1951-65),
which is the pre-green-revolution part, shows an increase in per capita consumption of
Vol percent a year. However, the green-revolution period (1968-84) shows no trend in
cither ihe first (1968-76) or second (1976-84) part. Thus, except in the pre-green-rev-
olution period, the per capita availability figures show very little overall improvement
or deterioration. Figure 12 gives a plot of a centered three-year moving average of per
capita availability. This shows that the per capita average availability fluctuates in a
band approximately between 150 kilograms and 170 Kilograms a year for the period
from 195210 1943,



Figure 12—Per capita availability of foodgrains: three-year moving average,
1952-83
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Sarma and Roy (1979) reported a 6.2 percent decline in per capita availability of
foodgrains in 1975-77 compared with the level in 1970-72."% Table 16 shows that the
average per capita availability declined from 169.3 kilograms a year in 1970-72 (o
P50.7 kilograms a year in 1975-77. Subsequently. the per capita availability rose again
10 166.6 Kilograms a year in 1982-84. However, it remains to be seen why per capita
availability fell substantially in 1975-77 compared with 1970-72. Related data in Table
16 show that there were increases in the net production of cereals. net imports, and per
capita income. along with a decrease in the real price of foodgrains, and yet there was
a decline inoper capita availability. An increase in government stocks more or less
absorbed the increase in cereal imports. To further analyze this implicit change in
consumption behavior during 1970-84. the annual net production of foodgrains per
capita and the real prices of foodgrains were calculated on a time-series basis, and these
were plotted wlong with per capita availability (Figure 13). The following observations
can be made from this analysis,

E. The per capita availability and the per capita net production series move closely
together (the difference between the two can be accounted for by per capita imports and
changes in vtocks).

2. Especially in 1975 and to some extent in 1977, the per capita net production was
much lower than in the carly 19705, and, coupled with the higher (total) net production

"Yrhe dectine avitlabrliry i the mid- 145704 was also a global phenomenon for developing countries: grain
production dechined i both developed and developing countries, causing o drawdown in stocks and
reduction in gram trade,



Table 16—Changes in net availability of foodgrains across selected years,

1970-84
1970-72 1975-77 1982-84

Item Average Average Average
Per capita availability o foodgrains

(kilograms/year) 169.3 156.7 166.60
Net production of cereals (million

metric tons) 81.2 86.8 110.5
Netimport of cereals {million metric

tons) 1.8 4.8 2.7
Net production of pulses (million

metric tons) 10.1 10.0 10.6
Real price index of foodgrains

(wholesale) (1970771 100} 100.3 94.6 84.8
Per capita income {constant rupres/

year) 624.0 044.0 734.0
Population (millions} 551.4 617.3 720.4
Change in government stocks of

cereals {million metric tons) -0.3 1 4.9 + 3.7
Net avaitability of foodgrains

(miflion metric tons) 93.4 96.8 120.1

Sources: Based on data from India, Ministry of Agriculture, Directorate of Economics and Statistics, Area and
Production of Principal Crops in India, various issues (Delhi: Controller of Publications, various years);
and India, Ministry of Agriculture, Directorate of Economics and Statistics, Bulletin on Food Statistics,
various issues (Dethi: Controller of Publications, various years).

Figure 13—Per capita availability, net production, and real prices of foodgrains,

1970-84
Real Price Index
Kilograms/y e (1970/71 = HX)
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of foodgrains in this period, this implies that though production increased, it could not
keep pace with the increase in population, The 1.9 percent annual rate of growth in
foodgrain production during 1967-76 was lower than the population growth rate of 2.3
percent.

3. In 1976, there was asharp decline inthe real prices of foodgrains. At least partly
due to this decline, there was a large apparent transfer ot foodgrain stock holdings from
the unrecorded/unaccounted private sector to the recorded/accounted government see-
tor. This was estimiated by Sarmia aad Roy (1979) to be of the order of 2 million tons
on an average during 1975-77. Such a shift in stocks would have an effect of relative
underestimation of per capita human constmption since per capita availability does not
take into sccount changes m privite stocks. This would account for a difference of
about 3.2 Kilograms per capita. Thes the decline in per capit avarlabibity between
1970-72 ana 1975-77 can be explained mainly in terms of production growth not
keeping pace with populatton growth, and to some oxtent in terms ol a refative
underestimation of” per capita availability in 1275-77 duc to a shift of stocks from
private to povernment hands.

Figure 13 also shows that the real prices of foodgrams fell significmtly in the
second halt of the 19705 compared with thew high Tevels in the first haif, and these
dep essed real prices continaed into the 1980, Another observation is that government
operations through stocks and imports appear to have been helpful in supplementing
domestic procurement and m meeting requirements under the public distribution sys-
tem. However, given that one of the objectives of the operation was stabilization of
consumption, Frgure 13 mdicates that the government operations were unable (o
substantially dampen the instability in per capita availability arising from fluctuations
in production. This, however, does not take into account the effects of private stocks.
The above observations seem to indicate the indispensability of sustained growth in
production for raising and stabilizing foodgrain consumption.

National Sample Survey Consumption Estimates

As mentioned carlier. the NSSO conducts all-India sample surveys that examine
the levels and patterns of consumption of foadgrains and other items of consumption
for both rural and urban consumers across income (total consumer expenditure) groups.
Untl 1973/74 the consumpion surveys were conducted annually, but since then they
have been conducted approvimately every five vears.™ These surveys cover random
samples ofup to 150,000 houscholds from atl over the country and report consumption
by major Hem. usually i per capitaespenditures and quantities, but ofter and for many
items, only i expenditure terms. For the 1977778 and 1983 surveys, quantitative data
on consumption of pulses are not available. the methodology followed for deriving
quatity data from the expenditure data on pulses is deseribed in Appendis 7.

Tabdle 17 presents the average per capita consumption of cereals, pulses, and
foodgrams at the rural. urban, and national Tevels from 196 1/62 10 1983 based on NSS
data. The tigares show that about 94 percent of the foodgrainsg consumed are cercals
and onty 6 percentare pulses. The NSS data show avdechne inthe per capita consump-
tion of foodgrains trom the 1960s 1o the 19705, For instance, between 1961762 and

# Ly :
Mostot the NSSO S consumption surses s use the sphit-vear basis of Tuby to June. One exeeption was JO83,
which was based oncthe calendar vem

h
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Table 17—Per capita consumption of foodgrains, 1961/62-1983

Annual Consumption
Monthly Consumption® pﬁ:g’a’fﬁa
Year Grain Rural Urban National National* Avallability™*
(kilograms)
1961/02 Cereals 17.55 12.49 16.63
Pulses 1.50 1.53 1.51 R
Total 19.05 14 62 18.14 220.7 167.1
10964/65 Cereals 16,19 1 .65 15.32 e .
Pulses .60 1.18 1.50 e N
Total 17.85 12.483 16,88 205.4 163.2
1070/71 Cereals 15.35 11.36 14.56 e e
Pulses 0.90 1.0 0.97 Ce .
Total 10.31 12.37 15.53 188.0 169.3
1972773 Cereals 15.29 11.27 14.45 . .
Pulses 0.85 0.93 0.87 e .
Total 10.14 12,20 15.32 186.4 165.2
1073/74 Cereals 15.00 11.32 14.30 . .
Pulses .88 0.82 0.87 . P
Total 15.07 12.14 15.17 184.6 155.5
1977/78 Cereals 15.25 11.02 14.44 . e
Pulses 1.01 1.07 1.02 - ..
Total 16.20 12.09 15.46 188.1 167.2
1083 Cereals 14.80 11.30 13.96 e -
Pulses” 1.02 1.13 1.04 - e
Total 15.82 12.43 15.00 182.5 166.6

Sources: Based on data from India, Department of Statistics, National Sample Survey Organization, The National
Sample Survey: Tables on Consumer Expenditure, various rounds (New Delhi: NSSO, various years);
and India, Ministry of Agriculture, Directorate of Economics and Statistics, Bulletin on Food Statistics,
virious issues (Dethiz Controller of Publications, various years).

Notes: The estimates of per capita availability derived from the Ministry of Agriculture’s figures anc those of
per capita consumption obtained from the National Sample Survey are not strictly comparable for a
number of reasons (scee Appendix 7 for details). Parts may not add to tolals because of rounding.

“Based on Nationat Sample Survey consumption figures, which are on a July June survey year basis except for

1983, which is on a calendar year basis,

"Based on Ministry of Agriculture per capita availability figures, which are provided on a calendar-year basis.

“The per capita avaitability shown against year 1961762 {July June) is the three year average for calendar years

'I‘)()I to 1963, and so on for all years except 1983, when all figures are directly on a calendar year basis.

“Estimated.

TO70/71 consumption declined from 2207 Rilograms a year 1o 188.9 kilograms, a
reduction of T4 pereent. In 1973/74 it declined further 10 184,60 Kilograms a year. It
rose again to 1880 kilograms in 1977774, though in 1983 per capita consumption
declined 1o 1825 Kilograms. Relative to the difference between the 1960s and 1970s,
the changes in per capita consumption since 1970/7 1 hove been small and have beenin
both directions, and since the per capita consumption is captured lor only one year out
of several years, they may reflect year-to-year Huctwations. Underlying price changes
may also hold some explanation, and these will be discussed later,

- order to examine further the difference in the per capita consumption between
the 19608 and 19705 average per capitacavatlability ligures were caleulated from the
Ministry of Agriculture’s data for comparison for the years corresponding 10 NSS
surveys. Strictly speaking, the estimates of per capiticavailability, which are based on
the disappearance concept. cannot he directly compared with the NSS estimates of
consumption, which are obtained by the interview method. in part because the avail-
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ability figures do not reflect changes in private stocks. The NSS data relate to house-
hold consumption only and do not include nonhousehold consumption such as that of
hotels. However, broad comparisons are possible, and for this purposce, three-year-av-
crisge per capita avanlabilities with the designated year as the midyear ave been
computed and are presented in Table 17, The avarfubihity figares indicate a much
smaller change from the carly 19608 1o the carly 1970 and show o 1.3 pereentinerease
between 1961762 and 1970/71 (compared with a 144 percent deerease shown by the
NSS data). Several studies imcludimg Vaidvanathan 1986, Suryamarayana and fyengar
FORO, Mukherjee 1986, and Minhas 1988, also indicate that the NSS estimites of per
capttia consumption m the carly T960s may be relative overestimates. Thus it seems that
the NSS diata may exagperate the decline m consumption from the 1960s 10 the 1970s,
There s a difference m magnitudes betw een the NSS consumption figures and the per
capitacas atlablity tipures, and Mis continues into the 19705 and 19808 10 as much as
F2-15 percent. but the gap is refatively stable in these Ve,
Frgure T4 shows alarge diftference hetween the rural and urban consumption levels
of foodgrains, based on the NSS data, This is of the order of 50 Ktlograms a year and
ald bearesult of own toodgrain production and consumption in the raral arcas,
rural-urbian price ditference due to market margins, different preferences due to higher
incomes i the urban arcas,and variety of Toods available in the urban markots, Figure
L abse shows small changes i national per capita foodgrim consumption between
FO70/71 and 1983, Consumption shows o small decline from 1970/71 1. [973/74, an
merease from 1973/74 10 1977/78, and o decrease from 1977778 10 1983, Given thiit
NSS estimates consumption in only one year of several vears, this may tend to reflect

Figure 14=Per eapita consumption of foodgrains, 1970/71-1983
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the year-to-year fluctuations rather than teends, Rural and arban per capita consump-
tions show similar patterns over e, The difference between 1970/71 and 1983 may
he partly due 1o changes i relative prices, which will be discussed fater,

The overall consumption ot pulses dechined from 156 Kilograms & month in
196.4/65 10 (.87 Mlograms by 1972/738 but subsequentdy ncreased 1o about 1.02
Kilograms per capita by 1977778 and temined more or less at that fevel i [983 The
difference between the rural and mban per capita consumption of pulses was very
marginal im most years,

Fipure 15 shows the 1977/78 per capita cansumption ob cereals, pulses, and
toadgrmns across meome (total expenditure) groups i the raral arcas i 19777780 In
the Tollowimg discussion, mcome refers toons proxy: total expenditure i constant
170771 prices. " The consumption ol foodprams minally rises steeply with the rise in
incames b pradually devels ot The near siaturation level tor the rural arcas is about
27 Kilograms o month, or 329 Kilograms o year. Pulse consumption, which s nears
seroat the bottom meome levels, nises 1o about 2.5 Klograms a month, or 30
Klograms a vear, at the lnphomcome fevels, b the arban areas, foodgram consumptio
reaches near saturation s around TS0 kilograms oo month, or IS0 kilograms o vear,
and pulse consumption acaches o level ot about 2.0 Kidoprams o month, or 2010
Klograms a yvear, at the highestimcome levels, These higares show the farge difference
between the Jevels of tarad and urban direct consumption ol loodgrams per capita,
Ghiven these tood consumption pattems, it appears that imcome growth m raral arcas can
have a potentially preater total impact on direct foodgram demand than similar changes
i urban arcas,

Table I8 shows the per capitie monthly consumption of nce. wheat, and coarse
grains i orural and urban arcas, based on the NSS results. The data show declining
consumption of coarse cereals i both rural and urbanareas. The consumption ol wheat
i raral arcas mercased relatvely Gaster than i urban areas. Consequently, the rural
urban dispariy i wheat consumption narrowed considerably — perhaps partly because
of the rapnd expansion ol Lur price saops disteibuting cheaper wheat i rural arcas,
particularly mothe deben states, Raped expansion of arca and production ol wheat and
s antroduction into new areas al.o contrtbuted (o mercased wheat consumption,
Consumption of rice m raral aeas prew steadily though slowly between 1970/71 and
1977778, The per captia consumphon of rice inurban arcas i 1973735 and 1977778 was
lower than i 1970/71,

In order to bring about comparability Tor the study of consumption levels across
income groups at difterent tume points, several adjostments were made o the data, The
rural and urban income group means were deflated 1o 1970/71 prices by the agricul-
tural-labor consumer price mdex ind the working-cliss consumer price index, respec-
tively., Nonavalable auantity data posed special problems an the case of pulses in
1977778 and 183 becanse past datie showed that prices vaned sigmificantly across
income groups  possibly because ol differences in the compasition and quality of
foodprains consumed. As o solunon, the mean prices of pulses were moved Torward
using wholesale price idices for pulses, and the price distribution across income
groups, estimateda from 1970/71, was used to generate the prices at cach income group
level on the basis of ats real relative value. (Details ol this procedure are given in

%

Fhe use ot total expendatare as a provy o mcome has some linntations i the sense that it understates the
income i the top guartle which hisca higher propensity fo save and imay overstate the mcome i the hottom
quartide, which may have o tendency to dissave.
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Figure 16—Per capita consumption of foodgrains, rural and
urban, 1977/78
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Table 18—Per capita monthly consumption of cereals, 1970/71-1983

Rural Urban
Cereal 1970/71  1973/74 1977/78 1983 1970/71 1973/74 1977’78 1983
(kilograms)
Rice 6.85 b.00 7.12 6.63 5.53 5.318 5.48 5.32
Wheat 2.78 3.52 4.05 4.40 4.12 4.32 4.87 4.82
Coarse grains 5.72 4.07 4.08 1.71 1.71 1.62 1.27 1.16
Total cereals 15.35 15.00 15.25 14.80 11.30 11.32 11.62 11.30

Seurces: Based on data from India, Department of Statistics, National Sample Survey Organization, The National
Sample Survey: Tables on Consumer Expenditure, various rounds (New Delhi: NSSO, various years);
see Appendix 7 for details.

Appendix 7.0 The computed comparable dati were then used in a quartile analysis of
consumption,

Frgure 1o and Tuble 19 show total expenditure ctotal consumer expenditure) levels
ol the top and bottom, urban and rural, quartites in constant 1970/71 prices. Consider-
g total expenditure as i proxy forncome, this figure shows that the income of the
urban top quartife s substantially higher than that of the rural top quartite and that both
the top quartiles are four to five times higher than the bottom quartiles. The total
expenditure disparities in the urban as well as the rural arcas appear to have increased

Figure 16—Total per capita consumer expenditure levels, by quartile,
1976/71-1983
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Table 19—Per capita foodgrain consumption and total consumer expenditures,
rural and urban, top and bottom quartiles, 1970/71-1983

Foodgrain Consumption Total Expenditure®
Rural Quartiles Urban Quartiles Rural Quartiles Urban Quartiles
Year Top Bottom Top Bottom Top Bottom Top Bottom
{kilograms/month) {rupees/month)
1970/71 20.56 11.90 12.83 11.02 61.95 16.77 120.39 25.20
1977/78 PARE! 12.32 13.92 10.96 91.23 19.37 134.54 25.21
1983 20.20 12.07 13.90 11.00 86.19 22,12 130.03 27.90

Sources: Based on data from India, Department of Statistics, National Sample Survey Organization, The National
Sample Survey: Tables on Consumer Expenditure, various rounds (New Delhi: NSSO, various years);
see Appendix 7 for details.

AL 1970/78 prices.

from 1970/71 to 1977/78 but decreased from 1977/78 10 1983, The rural-urban total
cxpenditure disparities lessened ever this entire period. The compound annual growth
rates of total expenditure tancomey of the ditferent quartiles between 1970/71 and 1983
are rural top, 2.6 percent: rural bottom, 2.2 pereent: urban top, 0.6 percent; and urban
bottom, 0.7 percent. From this it appears that the rural total expenditures, though lower,
mity be improving faster at both the upper and lower income levels. Rural bottom
quartile incomes show continuimg prowth trom 1970/71 10 1983, which is encouraging,
but the 2.2 pereent rate of growth appears too small to raise this group rapidly from
thewr Tow ncome devels, On the other hand. the imcome level of the urban bottom
guartife shows an even smaller improvement, growmg ata rate of only 0.7 pereent,

Figure 17 and Table 19 pive the per capita toodgram consumption ol different
quartiles, showmg the substantially hagher level of foodgram consumption of the rural
top quartile. There was o smalb dechne mthis consamption level between 1970/7 1 and
TOR3, trom 20,56 Kilograms a month to 20.29 Kilograms. However, foodgrain con-
sumption ot the urban top guartle mcreased from 1283 kilograms a month in 1970/71
to 1390 Kilograms e TOX3and that of the rural bottom quartile also improved from
FT.90 hilograms comonth ain 1970/71 1o 12,67 hidograms in 1983, But the consamption
ol the urban bottom quartile was stagnant at about 11.00 kilograms a month. Thus,
whereas the disparities m foodgram consumption between income fevels are decreis-
mg i the rural arcas, they are increasing i the arban arcas. This is confirmed by the
followmg compound prowth rates of foodgram consumption between 1970/71 and
TIOR3 rural top. 0.0 percent; rural hottom, 0.50 pereent; urban top, 0.60 percent; and
urban bottom, 0,01 pereeat. The 0.50 percent growih rate of the rural bottom quartile,
though positve, s itselt not very encouraging, and the staznation in consumption of
the urban bottom quartile at the already low Tevel is of preat concern.

The prowth in toodgrain consumption of the urban top quartile was abour 8.3
pereent, which s related toa growth of 8.0 percent ints total expenditure m the same
pertod, but this 8.0 pereent probably understates the growth mincome of the top
quartile. which generally has o high margimal propensity 1o save. This increase in
consumption may alsa be partly because of the pencrally improved availability of
toodgriuns 1 the free market sinee the carly 1970 and particularly alter 1978, The
dechne i real prices of toodgrams may also have been sharper for urban areas than the
average. Thisis supported by George (1979), who reported that the inerease in nominal
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Figure 17—Per capita foodgrain consumption levels, by quartile,
1970/71-1983
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prices of foodgrains has heen less sharp inurban than in rural arcas, This issue requires
further investigation, since it has an important bearing on demand.

Metlor ¢1978) has shown that even though the poor have o smaller absolute
expenditure on food, the impact of a food price imcrease falls most heavily on them
because food has a Targe budget share i their total expenditure. Ezekiel (1990) has
shown that because the poor temd to have relatively higher income and price clasticities
of demand for food. in the event ol shortage and price increase the bulh of adjustment
in demand takes place through @ reduction in consumption of the poor. Given these
observations,and given relatively slow growth in foodgrain consumption despite some
rise inincomes, the underlying changes in the relative prices of foodgrains for differem
consumer groups merited further analysis, These changes were examined through the
calculation of implicit prices paid by consumers in cach quartile, i both urban and
rural arcas, on the basis of the NSS consumer expenditure and quantity data. The
results, presented in the form of indices in Table 20, demonstrate that even though
wholesale prices show asizable decline in the real prices of cereals, consumer prices
do not show as much decline in real terms, Whereas the real cereal w holesale price
index declined from 100 10 85 hetween 1970/71 and 1983, the real urban consumer
price index for cereals declined only from 100 10 93, The rural consumer cereal price
indexin fact increased from 100 to 103, and for the rural botom quartile this index
increased from 100 10 106,

The changes in these indices might be considered relatively small, but the differ-
ences between some of them seem to be rather large. They indicate divergences from
the broad picture indicated by wholesale prices. The increase in the rural real consumer
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Table 20—Implicit nominal and real price indices, by consumer group,
1970/71-1983

Nominal Price Real Price
Group 1970/71 1977/78 1983 1970/71 1977/78 1983
Rural
Consumer ceredl prces, overdll 100 163.4 270.5 100.0 w71 103.4
Quartile | hottom) 100 171.3 270.8 100.0 101.8 105.9
Cluartile 2 100 166.4 277.2 100.0 8.9 106.0
Quartile 3 100 103.8 2738 100.0 97.4 104.7
Cluartie ditop) 100 160.0 209.0 100.0 05.5 103.2
Consumer price mdex, overall 100 108.2 201.5 R S .
tHrban
Consumer cereal prices, overall 100 158.0 2051 100.0 91.3 93.2
Chuartiie 1 (bottom) 100 150.8 2021 100.0 919 92.1
Quartile 2 100 158 4 206.0 100.0 91,1 93.5
Quartile 3 100 154.7 200.5 100.0 89.0 91.6
Quartile 4 (top) 100 155.1 204.3 100.0 89.2 92.9
Consumer price index, overall 100 173.8 284.5 o e R
Cereal prices
National wholesale 100 157.9 256.4 100.0 86.9 #45.1
Alt commadities
National wholesale 100 181.0 301.4

Sources: Rurat and urban overall consumer cereal prices are based on data from India, Department of Statistics,
Ihe National Sample Survey: Tables on Consumer Expenditure, various rounds {(New Delhi: National
Sample Lurvey Oreanization, various years); rural and urban overall consumer price indices and national
wholesale cereal ana commodity prices are based on indices from India, Ministry of Agriculture, Dircc
torate of Leonomics and Statistics, Bulletin on Food Statistics, various issues (Dethi: Controller of
Publications, vanous years).

Note: Fhe base year for all price indices an this table is 1970/71.

prices for cereals may be due toancreasig market coverage and mtegrition, which
brings more grams on the market and brings rural prices closer to urban prices. The
relatively taster aimcrease weprices for the raral bottom quartle may be due 1o the
mercased dependence ot these consumers on the marker. These changes may also be
assocrated witha st e the composition of cercal consumption from coarse prains (o
tine grams. particalarly 1o nee the poce of vohireh Tas sen somew hat faster than that
obother grams. The calcabanions imdreate thar despite production breakthroughs the real
prices of cercals tor rural consumers, parnicubarly those i the botton quartile, have not
dechned and m tact seenyto show aninerease. This could have contributed to a slower
prowthn the tood consumption of the poor and the overall demand, and also ndicates
that part ot the benehits of devetfopment to the varal bottom quartile may have been
nulhihicd by amcreases mnreal tood prices,

The quarnile analy siv agerepgates toodgram consumption over the income range of
the quartile s which selt may change, and theretore does not give an idea of what the
consumption of foodgiuns s at specitic levels ot income, how much this consumption
changes trom leselto leveloand how people at specihic icome fevels hive moved over
tme between fevels: As mentioned carhiera conmmon avas ol income for comparing the
ditterent survess cat ditterent pomnts motimey has been derived by detlanng o the
FO70/71 prices with the snd of the relevant consumer price indices. Usig fincar
mterpolation with the consmmptic n tanctions ot the type plotted m Fieure 18, the levels
ol toodgerain consumption are coteulated at the tollowmyg mienior tevels of income
(ot expenditures per month: Re 10, 20,040,000, 80, and 100, This calculation is done
for cach of the surves s that s tor 1970/71, 1977778, and TR 3,
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The results for rural and urban arcas are shown in Figure 18, These charts show,
surprisingly . that in the rural arcas there was areduction in per capita consumption of
foodgrains from 1970/71 10 1983 at cach income level. This may be. particularly for
upper income levels, partly becanse of the phenomenon of urbanization of rural
consumptioa patterns, which s caused maimly by improvement in rural infrastructure,
The reduction is Teast at the meome Jevel of Rs 20w month and largest at the high
meome level of Ry 100 @ month. The dat show that among the people at the lower
income evels (Rs 10-200 month), foodgram consumption deteriorated for those who
stayed at the same meome Tevel This, coapled with the carlier analvsis, shows that the
mereased foodgram consumiption of the bottom quartile came about primartly because
ol an increase i mcomes in this quartile. Tecan be seen that an merease in a poor rural
individual™s mcome from Ry 10 10 Ry 20 rinses that person’s foodgrain consumption
from 6.6 Milograms o month 1o 123 kilograms, o by 5.7 kilograms a month (87
pereent). However,an mcrease inan apper or middle class individual's income from
Rs 8O 1o Rs 100 raises foodgram consumption by only 0.8 kilograms a month (about -}
percent). This underscores the tremendous impact chat poverty alleviation can have on
foodgram demand. Tt also indicates that shewed or unequal growth can result in slow
grow th of toodgram denvand. The decline i the rural consumption of foodgrains at the
upper income levels between 1970/71 and 1983 adds to the direct demand problem and
can probably be explined by substitution, away from an already very high level of
foodgrain consumption 1o other foods and other consumption.

The urban arcas show awmore skewed pattern than the rural arcas. The consumption
of the lowest urban imcome level shows o decline from 6.51 kilograms o month in
FO70/71 10 5.20 Kitograms m 1983 whereas consumption at the upper income levels of
Rs 8O and Ry 100 2 month shows a marginal increase between 1970/71 and 1983,
Unlike those inthe rural arcas, the low-income groups in the urban arcas show very
little growth i income levels 1o counterbalance this decline in consumption at the low
mcome levels, and therefore toodgraim consumption for the urban bottom quartile
shows Hittle change. This decrease at given Tow real income levels mar also be a
manifestation of the greater and greater pressure on urban resources and nising living
costs due to continumyg rural-urban ngration. The data show that an increase in a poor
urban individual™s income from Rs 10 10 Rs 20 raises that person's consumption of
foodgrains from 520 kilograms i month 1o 9.75 Kilograms., that is. by -L.55 kilograms
or K8 percent. Howeveroan inerease inan upper or niddle chass individual's income
from Rs 80 to Ry 100 raises toodgrain consumption by only 0,10 Kilogram or 0.7
pereent. This mdicates the great impact that poverty alleviation (for instance, through
an employment strategy ol prowth) can have on raising foodgrain demand rapidly. Tt
also shows that growth that is unequal or biased toward upper-income HrOups cin result
in slow growth in tooderun demand,

[tean beanterred from the above analysis that a major reason why direct foodgrain
demand tor consumption) is not accelerating as fast as might be eapected s slow
progress ar cusing the meomes of the poor section of the population, that s, in
alleviating poverty cespecially in the arban arcas. Some thut smally positive Progress is
seen in this direction ain the rural arcas, where incomes and toodgrain consumption in
the bottom rural gquartile are increasimg. The results i dicate that programs (o help
devetopment that can generate more employment and incounes for the poor are ol great
importance and could sigmbicanthy raise toodgram demand.
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Figure 18—Per capita rural and urban foodgrain consumption at different
income levels, 1970/71-1983
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6

SCENARIOS FOR THE YEAR 2000

The previous chapters have examined the dynamics and behavior of some major
components and elements i the past growth ot foodgrain production and consumption
in India, Given the results of this analvsis, the present chapter examines possible Tuture
seenarios in the evolution ol the foodgrain situation i India to the vear 2000, On the
production stde, provided that there v contimued strong government emphasis on
raising tood production and s efficiency, it is anticipated that the past performance in
raising overall toodgraim production could continue into the future, In seeking 1o
estiniate the broad outcome ot this growth by 2000, the past regronal area and yield
prowth rates by crop are used under some limiting assumptions. The response coeffi-
cients from the previous production analvsis are then used 1o caleulate the physical
requirements of thes groswth im terms ol the needs Tor the diflerent major inputs, These
requirements help 1o present for policy purposes the overall magmitude wnd vartous
dimensions of the task of vsig foodgrain produchion to the estimated levels,

The processes oo the demand and consumption sides of foodgrains are somewhat
ditterent, particntarly becanse they depend onthe nature and pace of cconomic growth
and the changimg patterns of foodgriom demand. In this contest. the fndian national
plans Biave set for the tuture the twan objecnives obaceeleratton ol ccononiie growth and
clinnmatton ol poverty by 20000 What the implicanons ol the achievement ol these
objectives would be tor toodgram demand has never been carefully analyzed. Consid-
cring the obvious tmpottance of such an anabvsis, this study bas examined and esti-
nited the demand tor foodgrams ander several seenanos, icluding the continuation of
past per capita meonie prowth rates and several alternanive seenarnos ol accelerated
grow th. Some of these also somubate asmall cliange in meome distribution and indicate
the imphcanons tor toodyonn demand of tarither progress toward poverty alleviation.
Imphications of mcreases momcome can also oceer i tenms ol anaceeleration in the
demand for feederun throngh mcreased consamption ot livestock products, Feedgrain
demand s tound to be o relatively dyvinamie component of the total foodgram demand
ina faree number ot Asian developing countries, especially when income growth rates
aceelerate. The ettect of this is also estimated here and s built into the total demand

estimales.

Production

Most production projecthions Tor fooderains n India are done on an aggregate
all-India basis, and mmphicit i such projections s untform application of average
alb-Indiac growth parameters. Given the wade diversity i agrochinntic conditions,
cropping patierns, and technological change e India, tis may not be an appropriate
assumption, This study attempts o work onaregronal basis, Earhier i the study the
country was subdivided mto siv regrons Northern, Uttar Pradesh, Central, Western,
Eastern, and Southern on the basis of geographical locanon and agroclimatic and
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cropping pattern characteristios. This divisim is applied here to obtain regional projec-
tions for production, thereby developing sivional projections that better retlect India's
diverse agriculture,

Production projections are made separately within cach region for rice, wheat,
coarse cereals.and pulses. Arca and yield are also projected separately for cach region
(more deanls are provided i Appendis 8). Given the important differences between
the pre-green-revolution period (1949/50-1964/65) and the green-revolution period
CTOOT/68-1983/8:4), particularly in the acceleration of vield and deceleration of area
growth differing from crop to crop. it was decided to base the projections on the prowth
rates over the 1o years of the green-revolution period. Though foodgrain production
grawth accelerated inthe Tater part ot this period. the entire period was used as the base,
sinee the second hall of the period was considered too short i time 1o base long-term
projections on, given the possible instability of short-period growth rates, particularly
atthe disaggregated levels of regtons and crops.,

With regard t arca. the trend projections o the yvear 2000, when done on the bisis
ot arca under individual foodgrain crops i cach region, were, when aggregated. found
to ditfer from the trend projected for the total foodgram areain the regron. As the latter
trend was believed 1o better retlect the overalt land constraint, @ normalization proce-
dure wirs used e which the individual projected crop arcas were proportionadly ad-
Justed to conform ta the projected total foodgrain aren in the region. Apart from this,
the Northern region’™s toodgrain wrea growth rate wir. constrained 1o 0.5 pereent
tcompared with 1.3 percent i the pasty, i consideration of the Timits 1o further area
growthan this region.

Concernmg yield projections, analyais of past trends andicated that in some regions
the yield growth raies have been very high particularly for wheat, often exceeding 3
percent i year. Continuation of sucii growth rates 1o the vear 2000 ppears ditficult;
therefore, a Timiting assurption restnctimg the vield grewth rate 1o fess than or cqual
to 3 pereent a year s miade. This affects vield growth rates in rice in the Northern
regron, wheat i the Uttar Pradesh, Central, Western, and Southern regions, and coarse
grains an the Western region. However, where vields have declined. the declines are not
projected to contnue, and this as samption becomes relevant for crops suchas pulsesin
SOME FePions.

It was shown o Chapter 3 that the grovth rate of foodgrain production in the
Fastern region has been vers oo Fornee, the major lvodgraim crop ol the region, the
yiehl prowth rate Clable 6) has been very low (028 pereent during [967/68- 198 3/84)
and yield fevels are currently Tower than those 1 several other regions. With the
expected emphasis on development of this region, it s assumed that the rice yield
prowih rite will accelerate 1 2,50 pereent a vear. Such an aceeleration will reguic e
sobstantial development efiort, and in this contest the constramts to agricultural
growth and development 1 the Bastern region have been evamined by the Reserve
Bank of Tndi Conumittee on Apricaltur * Productivity in Eastern India (India, Reserve
Bank 1984, headed by SOR.Sen.

The conmmitee considered the repron 1o have a high potential but found the
deselopment constramed by institutional, technological. and economic lactors result-
g substantially trom deticiencres momfrastrug ture, admimisteanon. and management.
Toaceelerate the spread ot new technolopy the commuttee recommended 2 missive
cliort from the govermment towand nvestment momtrastroctare and in brimging imputs
withim easy reach of the cultvators. To rse agriculiural growth m the region the
committee recommended well orgamyzed and coordmated nmplementation of plans that
would create meentive - onented conditions for small tarmers., ratsing the physical
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production potential through better irrigation and drainage: improvement in the deliv-
ery systems torputs, services, and eredits identification and promotion ol a few lead
technologies for homogencous groups of farmers through “tapering™ subsidies: re
searchy extension, and education systems that recognize diversity and choice: and
strengthenmmyg of the marketng systems through evenly spread growth centers in the
rural arcas. Acceleration of apricaltural prowth m the Eastern repion could also make
aosignthcant dent i nattonal poverty alleviation, given the relative concentration of
poverty there.

Fhe projected yield Tevels for the vear 20000 based on the above assumptions, are
presented m Table 21 Projected wheat and nice vields are highest in the Northern
region, reaching -Htons per hectare. Coarse cereals yields are projected 1o be highestm
the Southern and Western regions, whoreas pulse yields are expected 1o be highest in
the Uttar Pradesh regton. The interregional vield dispanities show shipht reduction,
but toadgram vields m the Northern. Uttar Pradesh, and Southern regions continue to
be above the national average, whercas inthe Central, Western, and Eastern regions the
vields renan below the national averape.

The projections of production tor 2000 ¢Fable 22y indicate that wheat production
will rise to 87 nulhon tons, surpassing tce production of 85 million tons., The produc-
ton fevels of coarse cercals and pulses are projected 1o rise modestly 1o 35 and 14
nlhon tons, respectively . These projections put the overall production of foodgrains
m-Indiaar about 219 muthon tons by 20000 Rapid foodgrain production growth is
projected an the Northem, Uttar Peedeshoand Western regrons, Considering the rrowth
rates from the second part ot the green revolution pertod (1975/76- 198 3/5:4) discussed
carhier. foodgram prodocton i the Uttar Pradesh and Central remions nay be some
what gher than these projections, whereas that in the Western region may be lower,

A stzable contribution to production growth is expected o come trom rice produg -
tton i the Northern regron and wheat production in the Uttar Pradesh region, OF the
meremental prodoction ot 7940 nulhon tons, wheat accounts for 32.0 pereent., rice for

Table 2 1—Projections of foodgrain yields to year 2000

Coarse Total
Region Rice Wheat Grains Puises Foodgrains

(kilograms/hectare)

Northern 4,680 3,001 1,207 540 3,828
(2,916) 17.463) {1,100) {540} (2,163)

Uttar Pradesh 1,000 2,860 907 781 2,221
{1,076) (1,783) {828) (781) {1,200)

Central 7013 1,849 527 495 819
(693} (1,152} 1477} {445) {628)

Western 2,207 2,324 1,234 524 1,300
{1,609) {1,4409) (709} (411) (857)

Eastern 1,510 2,109 0460 499 1,443
(1,021) 11,670) {B00) (499} {9Q0)

Southern 2,640 1,176 1,250 5860 1,831
{1,943) {733) (832) (373) (1,282)

All India 2,023 2,675 978 532 1,627
(1,204) (1,770 (718) {480) {1,059)

Source: Calcutated by the authors; see Appendix 8 for details,
Notes Figures in parentheses are 1983784 trend values.
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Table 22—Projections

of foodgrain production to year 2000

Coarse Total
Region Rice Wheat Cereals Pulses Foodgrains
(mullion metric tons)
Northern
Projection for 2000} 21.2 22.7 1.4 0.2 45.5
1983784 trend production 0.6 14.4 2.6 0.6 24.2
Incrementin production 14.6 8.3 -1.2 -0.4 21.3
Contributiontoall India
increment {percent) (18.4) (10.5) i-1.5) {-0.5) {26.8)
Uttar Pradesh
Projection for 2000 8.4 13.1 1.8 1.2 44.4
1083784 trend production 5.8 16.5 3.4 2.3 28.1
Increment in production 2.6 16.6 =16 -1.1 16.3
Contribution to all India
increment (percent) (3.3) (20.0} (-2.0) [-1.4) {20.5)
Central
Projection for 2000 4.2 14.2 5.8 5.0 29.2
1983/84 trend production 3.6 0.8 59 3.9 20.2
Incrementin production 0.0 7.4 -1 1.1 9.0
Contribution to all Indi:
increment {percent) {0.8) 19.3) -0.1} {1.4) {11.3)
Western
Projection for 2000 73 17.7 3.6 35.9
1983/84 trend production 4.9 33 1.7 2.1 22.0
Incrementin production 2.4 4.0 0.0 1.5 13.9
Contribution to all India
increment (percent) 3.0} {5.0) (7.5) {1.9) {17.5)
Eastern
Projection for 2000 23.8 0.4 2.0 1.8 37.0
1983784 trend production 18.0 4.6 1.0 1.8 20.4
Incrementin production 5.8 4.8 0.1 0.0 10.6
Contribution to all [ndia
increment (percent) 17.3) 16.0) (0.1) 0.0y {13.4)
Southern
Projection for 2004) 190.9 0.0 5.7 1.7 27.2
1983 /84 trend producion 136 0.0 0.9 19,1
Increment i production 6.} 0.0 1.1 0.8 4
Contribution to all India
increment [percent) 17.9) (0.0} (1.4) (1.0) (10.2)
All India
Proje *ion tor 2000 B4.7 86.7 34.5 11,5 210.4
1987, L4 trend production 52.0 45.7 30.2 1.6 140.0
Increment inproduchion 32010 41.0 4.3 1.9 79.4
Contribution toall India
mcrement {percent) (30,4} (51.0) (5.4) (2.4} (100.,0)

Source: Calculated by the authors; see the following note and Appendix 8 for details.
Nuotes: Projections are based on 1967768 1983784 regional area and yield growth rate . Yield prowth rates are
constramed to be nonnegative and to be not more than 1.0 percent across all crops and regions Area
prowth by crop i constramed incach region and adjusted for the region’s past growth rate in total
foodyrain area. The Northern region’s total foodygram area growth rate is further constrained to 0.9
percent. I expectation of special efforts in the Fastern region, this reion’s rice yield prowth rate is

assumed toaccelerate 1o 209 pereent Parts may not add to totsls becaise of tounding

0.0 percent. comse cereals tor 5.0 pereent, and pulses for 2.0 pereent. However, the

projections by commaodity need 1o be viewed with cantion. The contmuation ol past

negatn e arca prowth ntes 1o 2000 o coarse rams and palses, and the nonmahization

procedure adopted o adjust mdividual progected crop arcas 1o be consistent with the

projected toodgram wea result m relativels Tower output projections tor these crops.
The overall output projection of 2194 nuthon tons m 2000 compared with the base
level output ot 110 nulhon tons i T9X Y84 imphes an average compound growth rate
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of 2.8 percent. This represents aceeleration over the past 2.6 percent growth rate in
all-India foodgrain production.

Of the 79.4-million-ton increment in production, about one-half is expected to
come tfrom the Northern and Ute. Pradesh regions, whereas the Eastern and Southern
regions will together contribute less than one-fourth. This is despite the fact that under
the yield and area growth caps applied. the Northern region’s production growth rate is
projected to be L0 percent corapared with 5.1 percent in the past. and the prowth rate
of Uttar Pradesh would be 3.0 percent compared with 4.8 percent in the past. At the
same time, the Eastern region’s production growth rate is assumed (o aceelerate from
~0.22 pereent to 2.2 pereent. For the Southern region the yvield growth rate is high. but
sirce the region has a0 pereent area growth rate, showing diversion of area to
nonfoodgrain crops e total cropped area is nol dechinmg), it does not make a large
contribution to production. The interregional ditferences in production growth have
major implications for interregional trade, income growth, and poverty adleviation,
Faster growth i the cuvrent surplus arcas and slower growth in the others implies a
considerable inerease in dependence onan efficient foodgrain marketing system.
Interregional distribution of rural incomes could become more skewed and this might
increase labor migeation. However, relatively faster growth in the Eastern region might
help reduce the substantic] povernty in that region.

Instead of projecting. as above, with the arca and yield of cach CTop ar Ccrop group
by region it projection is done on the basis of area and vield of the aggregate of all
foodgrains in cach region. the resulting all-India production of foodgrains works out to
211 mithon tons m 2000 tproduction scenario 2). An additional assumption made in
this scenariois that toodgrain vield m the Eastern region will grow at 2.00 pereent a
year compared with 043 pereent o year in the past. In production seenario 3 the
projection is made on the basis of the arca and vield of foodgrains at the ali India level
using all-Indiarea and vield growth rates. The total projected output in this scenario
comes o 215 million tons, These results are presented in Table 23,

Table 23—Alternative projections of area, yield, and production of foodgrains
for year 2000

Scenario Projection Area Yield Production
{million {kilograms/ {million
hectares) metricton) metric tons)
1 Based on each crop area and yield
projected separately in each
region (same as in Table 22) 134.9 1,627 219.4
2 Based on foodgrain area and yield
projected separately in each
region 134.9 1,563 210.7
3 Based on total foodgrain area and
yield projected atshe all-India
level 130.2 1,654 215.2

Source: Calculated by the authors; see the following note and Appendix 8 for details.

Notes: The projections aic based on 1967/68-1983/84 area and yield growth rates. Yield growth rates are
constrained to be nonnegative and subject to a ceiling limit of 3.0 percent across all crops and regions.
Area growth by crop is constrained in each region and adjusted for the region's past growth rate in total
foodgrain area. The Northern region's total foodgrain area growth rate is constrained to 0.5 percent. The
growth rate of rice yield in the Eastern region is assumed to accelerate to 2.5 percent. The growth rate
of foodgrain yield in the Eastern region is assumed to accelerate to 2.0 percent in scenario 2.
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The projected owtput of 219-220 million ions of foidgrains in 2000 represents a
huge increase of abowr SO million tons over the base level 1= nd output of about 140
million tons in 1983584 Aclnevement of a production increase of this order will require
substantial increases inirvigated area. fertilizer use. and use of HYV seeds, possibly
with increases an the area wnder wheat and rice. Even the maintenance of the past
trends i productiviey erowth will call Jor continued high priority for a first-rate
agricultural vesearcl system stressing development of new technology, and emphasis
on teclaology transjer throweh a strong extension ssstem (o farmers’ ficlds in both
treigated and rainfed arcas.

To provide a broad assessment of the order of magnitude of the efforts involved,
the input requirements for achieving the additional production of 80 million tons have
been worked out using estimates of inpui response from the production analysis in
Chapter - Table 24 wives the results of the estimation of input requirements, It
indicates that a gross irmgated arca of 10O million hectares will be required. of which
about 60 percent as expected 1o be under toodgrains, Achieving the 220-million-ton
production level will also require a fertilizer consamption level of about 20 million
tons of nutrients (INPK) of which 70 pereent is expected to be applied to foodgrains,
Giiven that about 8O percent of the increment in production depends on Lae inerease in
fertilizer use it may be stressed that not only s the achievement of 20 million tons of
nutrient use important, but mamtenance of the fertilizer response coetlicient at a level
ol 7 or above is cructd. Griven the dectine inthe fertilizer response coetficient from 10
to 7. as shown i Chapter S0t appears that rescarch, extension, and input diffusion
etlorts o raise this response would be crucial and would give excellent returns.,

Table 24—Estimated input requirements for projected foodgrain production
in year 2000

Assumed Input Level, Projected
Production 1981/82- Projected, Projected Contribution
Response 1983/84 Input Level, Input to Production
Input Coefficient* Average 199972000 Increment Increment
{metric tons (million (million {million {million
of foodgrains/ hectares) hectares) hectares) melrictons
hectare) of foodgrains)
Area 045 128.46 134.85 6.30 2.88
Irrigation 0.50 38.00 60.00" 21.3t 10.65
Shift to wheat
and rice 033 63.37 74.30 10.93 3.01
{metric tons {mitlion (million {million
of foodgrains/ metric tons) metric tans) metric tons)
ton)
Fertilizer 7.00 5.00 14.00" 0.00 63.00
Total increment . . 80.14

*The response coeflicients are based on Tacle 10, The derivation of these response coelficients is discussed in
Chapter 4.

"Projected irtigated areain 199972000 s 100 million hectares, of which 60 rercent would be under foodgrains.
“This response coefficient is based on the difference in yield levels after excluding the effect of irrigation and
fertilizer and is likely to be conservative,

Projected fertilizer use in 1099/2000 i 20 miltion metric tons, of which 70 percent would be applied to foodgrains.
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Arrangements will also be needed for production and distribution of an annual
supply of about 5.5 million tons of seeds of both HY Vs and other improved varieties '
Institutional arrangements for the supply of credit and for marketing and storage of
both inputs and outputs to support the increased scale of activity will need 1o be
considerably strengthened. These findings indicate that reaching a foodgrain produc-
tion of 220 million tons by the year 2000 will without doubt be a formidable task.

Consumption

The estimation of future foodgrain consumption has been done under several
alternative assumptions of income growth and income distribution. The estimation
works separately with rural and urban consumption and different commaodities,
namely, rice. wheat, coarse cereals, and pulses, and with different quartiles. As ob-
served carlier, an average annual gap of as much as 25 Kilograms per capita exists
between the foodgrain consumption estimates of the NSSO and the per capita availabil-
ity estimates worked out through supply accounting by the Ministry of Agriculture.
Since it was necessary to maintain consistency with the estimation on the supply side
(the NSSO does not provide output estimates). it was decided to work with the basic
magnitudes of per capita availability estimates, but ratios, rates, and elasticities derived
from the 1977/78 NSS data were used in many parts of the estimation procedure. (See
Appendix 8 for details.)

The starting point for cach estimate was the national three-year average per capita
availability of foodgrains (for human consumption) during 1982-1984, and this was
disaggregated into rice, wheat, coarse cereals, and pu'ses. This was further broken
down into rural and urban consumption levels, The procedure used rural-urban popu-
fation ratios and differences between tural and urban per capite consumption of cach
grain represented by ratios obtained from the 1977/7% NSS results, FFurther, since
consumption projections are based on disaggregated data by quartile, quartile shares
are computed from the 1977/78 NSS survey data. and these are used to arrive at the per
capita consumption level in cach quartile for cach major foodgrain in rural and urban
arcas. These starting levels are presented in Table 25.

The direet demand for foodgrains is considered to be driven primarily by popula-
tion growth. income growth, and changes in income distribution. Esiimates of past
population growth are available from the population census conducted every 10 years,
and projections for the year 2000 (which assume a slow decline in the population
growth rate) are available in the Perspective Plan (India, Planning Commission 1985,
vol. 1. chap. 2). Growth rates implicit in the Perspective Plan for rural and urban
populations have been utilized in the projections. The rural cad urban average per
capita income (total expenditure) levels are available for 1970/71 from the 1970/71
NSS surveyssimilar figures are also avalable for 1983 from the 1983 NSS survey and
were deflated to 1970/71 prices. However, the 1970/71-19%3 growth rate in overall per
Capitit incomes obtained from the above NSS figures were found to be 100 high
(espectally for the rural areas) relative 10 comparable figures obtained from naional
income data (India. Central Statistical Organization 1985) and the poputation census.,
Thus it was decided to use only the quartile per capita incomie shares from the 1982

1t ..
"The 5.5 milhon tons mcludes paddy seed expressed as paddy.
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Table 25—Per capita consumption of foodgrains: initial levels and shares

1082-84 Quartile (Q) Share, 1977/78 1982-84 Quartile
per Capita National Sample Survey Mean Consumption Level
Average Qi Q2 Q3 Q4 Ql Q2 Q3 Q4
{kilograms/year)
Rural
Rice 72.1 01729 0.2487 0.2824  0.2901 40.86 71.73 81.44 85.40
Wheat 47.8 0.1346 0.2070 0.2594 0.3991 25.74 30.58 49.60 76.31
Coarse cereals 40.3 0.2702 0.2512 0.2404 0.2382 43.56 40.49 38.75 38.40
Pulses 11.4 0.1210 0.2024 0.2672 0.4093 5.52 9.23 12.18 18.06
Foodgrains 171.7 0.1841 0.2350 0.2652 0.3147 124.67 161.03 181.98 218.77
Urban
Rice 55.5 0.2050 0.2566 0.2729 0.2655 45,51 56.97 60.58 58.94
Wheat 57.6 0.1875 0.2443 0.2732 0.2949 43.20 56.29 02.95 67.94
Coarse cereals 12.6 0.3891 0.2714 0.2087 0.1307 19.61 13.68 10.52 0.59
Pulses 12.2 0.1429 0.2169 0.2802 0.3600 6.97 10.52 13.67 17.57
Foodgrains 137.8 02115 0.2501 0.2672 02712 11529 137.52 147.72 151.04

Sources: Based on data from India, Department of Statistics, Nationat Sample Survey Organization, The National
Sample Survey: Tables on Consumer Expenditure, various rounds (New Delhi: NSSO, various years);
and India, Ministry of Agriculture, Directorate of Economics and Statistics, Bulletin on Food Statistics,
various issues {Delhi: Controller of Publications, various years).

NSS survey. The mean per capita income levels of the 1970/71 survey were moved to
1983 using per capita income growth rates based on national accounts (India, Central
Statistical Organization 1985) and population figures. These were then distributed into
guartile per capita income levels using shares obtained from the 1983 NSS survey.

Consumption scenario 1 assumed the continuation of past per capita income
growth rates. Per capita income growth rates from 1970771 10 1983 based on national
accounts and population figures were used as the past per capita income growth rates.
These were C.49 pereent ayear for rural and 1.03 percent a year for urban arcas (Table
26). Scenario 2 assumed the income growth rates of the perspective to 2000 in the
Seventh Five-Year Plan of the Government of India. The plan projects an agricultural
(assumed equivalent to rural income) growth rate of 2.50 percent, and an income
growth rate for the total cconomy of 5.00 pereent from the mid-1980s 1o 2000. Using
midperiod sectoral weights, one can infer a nonagricultural (assumed equivalent to
urban income) growth rate of 6.20 percent. The rural and urban populations are
expected to grow at LIS and 3.63 pereent, respectively (the rural, urban, and total
populations are expected to reach 657, 319, and 976 million, respectively, by year
2000y, This gives rural and urban per capite income growth rates of 1.33 and 2.48
pereent. Scenario 3 assumes an increase in the income growth rates with the rural
income growth rate rising to 3.00 pereent and the urban to 7.00 percent, giving an
overall income growth rate of S.68 percent. Scenario 4 assumes a further aceeleration
of income grewth rates to 3.50 pereent for rural and K.00 pereent for urban arcas. The
fatter is based on the observation that the industrial growth rate was close to 9,00
percent for three consecutive years prior to the T987/88 drought and is expected to
exceed D.00 percent in T98E/KY. In scenarios 3 and 4 it is assumed that nonfoodgrain
agriculture i the rural arcas, particularly the more labor-intensive and less land-using
commodities, will grow at a faster rate than foodgrain agriculture. Scenario 4 implies
a growth rate of 7.00 pereent for the whole economy.

Alternative scenarios were also developed with regard to income distribution. The
quartile income distribution from the 1753 NSS survey works out to 12, 18, 25, and 44
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Table 26—Alternative growth rate assumptions used in the simulations

Per Capita
Scenario/Group Income® Population® Income
(percent)
Base period
Rural 2.31 1.81 0.49
Urban 4.95 3.88 1.03
Total 3.86 2.26 1.56
1. Continuation of past per capita
income growth rates
Rural 1.65 115
Urban 4.70 3.63 1.03
Total 3.43 1.84
2. Growth rates envisaged in the
Perspective Plan
Rural 2.50 1.15 1.33
Urban 6.20 3.63 2.48
Total 5.00 1.84 3.10
3. First accelerated growth rate
SCCNArio
Rural 3.00 1.15 1.86
Urban 7.00 3.63 3.25
Total 5.68 1.84 3.77
4. Second accelerated growth rate
scenario
Rural 3.50 1.15 2.32
Urban 8.00 3.63 4.22
Total 7.00 1.84 5.07

Sources: Based on authors' calculations; see Appendix 8 for details and sources of data.

“The income growth rates are for gross domestic product at factor cost.

“The past pupulation growth rate is the rate between the 1971 and 1981 census figures. The future population
srowth rate is between the 1981 census figure and the Perspective Plan projected figure for March 2001 adjusted
to midyear 2000,

“In Chapter 2 of the Seventh Five Year Plan of the Government of India.

percent. respectively, for the Ist, 2nd. 3nd, and Sth quartiles in the rural arcas, and to
PECT7. 240 and 48 pereent tor those quartiles in the urban arcas. If between 1983 and
2000 the mcome distribution does not change. then these shares will stay the same in
2000 1 is implicitin this assumption that per capita income levels in each quartile will
grow at the same rate, that is. at one overall income ¢ owth rate. Under an alternative
assumption it s consideced that there is o smalbimprovement in the income distribution
in the cconomy: the quartile shares change to 15, 20, 25, and 40 pereent by the year
20000 in both the rural and urban arcas. This implics that the per capita incomes of
different quartites grow at different rutes in particular, the incomes in the lower
quartiles grow ata son ewhat faster rate than the incomes in the higher quartiles. The
il and final quartile income fevels and the required income growth rates for the
different assumptions of income grov. th with chanee - income distribution are shown
m Table 27, Given that the income clasticities of demand for foodgrains are higher in
the Tower quartiles. these differences lead 1o a higher overall demand for foodgrains—
the effect of the change in income distribution. The gains from a change in income
distribution are. however, dampened as elasticities fall with a rise in incomes. This
aspect will be discussed later.

TEPRT has stressed that @ majei objective of global development should be the
alleviation of the bulk of world poverty and hunger by the year 2000 (see Mellor 1989),
The elimination of poverty by 2000 is also an ohjective set by the Planning Commis-
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Table 27—Per capita income growth rates and income levels under change
in income distribution from 1983 to 2000, by quartile

Rural Income Quartile Urban Income Quartile
Item Qal Q2 Qa3 Q4 Ql Q2 Q3 Q4
Initial income distribution
{percent) 12.00  18.00 25.00 44.00 11.00 17.00 24.00 48.00
Initial income level
{Rs/month) 17.00  25.71  35.10 0277 27.85 a42.71 50.70 118.21
Finalincome distribution
{percent) 15.00 20.00 25.00 40.u0 15.00 20.00 25.00 40.00
Under past per capita growth
rates
Growth rate (percent) 1.77 1.02 0.50 -0.16 278 1.93 1.27 0.00
Income (Rs/month) 2291 30.55 38.19 6111 44306 59.15 73.93 118.29
Under Seventh Plan growth
rates”
Growth rate (percent) 2.62 1.80 1.34 0.68 4.25 3.40 2.72 .44
Income (Rs/month) 2040 35.20  44.00 70.39 56.52 75.30 04.20 150.72
Under first accelerated growth
rate scenario”
Growth rate (percent) 316 2.40 1.87 .20 5.03 4.17 3.49 2.20
Income {Rs/month) 28.85 3840 48.08 76092 064.19 85.59 106.98 17117
Under second accelerated growth
rate scenarin”
Growth rate (percent) 3.03 2.86 2.33 Lot 6.02 5.15 4.40 3.16
Income {Rs/month) 314 4152 51.90  83.05 75.25 100.33 125.41 200.60

Sources: Based on data from [ndia, Department of Statistics, National Sample Survey Orpanization, The National
Sample Survey: Tables on Consumer Expenditure, various rounds (New Delhi: NSSO, various years);
and India, Ministry of Agriculture, Directorate of Economics and Statistics, Bulletin on Food Statistics,
various issues (Delhi: Controller of P tications, various years).

Notes:  No change in the distribution implies that all quartiles will grow at the same rate namely, the rate of
growth of per capita incor. © Allincomes are in constant 1970/71 prices. The initial income levels are
for 1983 and the final figures are for year 2000,

*Refers to the Seventh Five Year Plan of the Government of India.

"Growth rate assumptions are given in Table 206,

ston of India, Itwas of interest. theretore, o examine whether poverty would be
substantrally eliminated by 2000 ander wny ol these seenarios. The most commonly
aceepted detimtion ot the poverty Tine for India has been given by Dandekar and Rath
(197 D: this wamounts o an income (consumer expenditure) tevel of Rs 15,00 a4 month
morural arcas and Rs 2250 0 month inurban areas in 1960/61 prices. These levels are
based on e daly mmmum catorie intake level of 2,250 calories a person. Rural prople
obtain comparatively more calories trom foodgrains than urban people. but urban
people pay more per calorie. Most Later studies, including those of Abluwalia (1978,
V- and Meltor and Desar ¢1985), use the consumer-expenditure-base | standards of
the poverty line set by Dandekar and Rath. On moving consumer cexpenditures to
FO70/71 prices (the base used i this studs o, usimg the agricaltural laborers” consumer
price mdes for rural and the industrial workers” consuner price index for urban
expenditures, the poverty line works out (o an income ttotal expenditurey level of
R 28800 month tor rural and Rs 125 tor arban i 1970/71 prices (the former figure
has been contirmed by Abluwalia [1978]). Therefore, one way 1o examine whether
poverty has been nearly eliminated would be to see whether the income level of cach
quartile has crossed the above-mentioned poverty hine levels. This will be examined
and discussed with the projection results. (There may be bottom-end poverty left in the
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bottom quartile even when its average income crosses the poverty line. The Perspective
Plan aims for climination of poverty but actually targets reduction in poverty 10 5
percent.)

With respect to the income elasticities of demand. it was found that the log-log
inverse function, which is frequently used for estimating clasticities from consumer
survey data, provided in general a poor fit tor the foodgrain consumption data of the
V977778 NSS survey. Further, when quartile elasticitios were computed from the
function, they tended 1o be too low for the bottom quartile and too high for the top
quartile. This s duce to the shape restrictions of the curve and because a single curve
was hitted to the entire data. The NSS data, however. permit the estimation of elastici-
ties ¢hy log-log function) tor cach quartile (Table 28), and these estimates appeared 1o
be, it general. more reasonable.

The estimates show that the clasticities are greater than 1 for the hottom yuartile,
and close o zero tor the top quartile. The clasticity estimate of 3.25 for wheat for the
urban bottom quartile is probably a result of some specitic data problems for wheat in
this survey (this estimate s not used directly, as explained below). The elasticity for
coarse cercals s shown to be high tof the order of 1.5) for the bottom quartile, whereas
the clasticity for pulses was found to be still quite high i the top quartile. Given the
tong period of 17 years across which projections were to be made. it wis inappropriate
to-assume that these elasticities would hold constant. As incomes rise. the elasticitios
would fall. This 15 evident from the interquartile diftferences in the elasticities. There-
fore. the above figures were not used directly. [t was assumed that the elasticities would
Fall along a log-log function path, and the path was estimated by using the quartile
clasticities. Elasticities were stepped down in four steps for cach of the periods
T983-K5. 1985-90. 1990-95, and 1995-2000, and these elasticity matrices were used for
the projection work. Each set of growth rates and income distribution assumptions

Table 28—Income elasticities of demand, by foodgrain and quartile

Sample of Step Elasticity Matrix (1990-95)
Used for Simulation

Estimated within Each Under Second Accelerated
Quartile by Log-Log, Using Under Past per Capita Growth Rate Scenario
National Sample Survey Income Growth Rates and with Change in Income
1977/78 Data No Change in Distribution Distribution
Foodgrain Gi Qa2 Qa3 Q4 Ql Q2 Q3 Q4 (o] ] Q2 Q3 Q4
Rural
Rice 102 059 028 0.09 093 058 036 003 0.8 042 026 -0.02
Wheat 137074 081 041 123 092 071 030 1.0l 077 0.61 0.33
Coarsecereals  1.46 -0.00 -0.16 0.00 0.08 0.30 0.08 -0.24 041 0.14 -0.03 -0.29
Pulses .27 1.05 090 038 1.34 1.00 078 042 1.09 084 0.66 0.36

Allfoodgrains  1.24 0.47 0.35 0.20 0.98 0.64 044 010 074 0.49 0.32  0.05
Urban

Rice 0.95 028 004 000 052 026 008 -020 024 0.06 -0.06 -0.27
Wheat 325 028 026 010 139 0.69 028 -0.27 0.o4 024 -0.01 -0.38
Coarsecereals 161 0.65 095 011 038 -0.54 0064 -0.78 -0.55 -0.605 -0.71 -0.81
Pulses 1.5 080 058 020 114 073 047 0.04 0.7 043 025 -0.006

Allfoodgrains  1.35  0.22  0.07 006 0.08 036 0.15 -0.18 034 012 -0.02 -0.26

Sources: Based on data from India, Department of Statistics, National Sample Survey Organization, The National
Sample Survey: Tables on Consumer Expenditure, Round 32 (1977/78) (New Delhi: NSSO, 1984}; and
India, Ministry of Agriculture, Directorate of Economics and Statistics, Bulletin on Food Statistics, various
issues (Delhi: Controller of Publications, various years).
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therefore gave a different setof elasticity matrices for projection. A sample of two such
matrices is presented in Table 28 Tor rural and urban areas,

Bouis and Haddad ¢1989) on the basis of consumption survey data from Bukidnon
Province of the Philippmes, have indicated that the elasticity estimates obtained vary
with the Kind of data used tor estimation, and there would be a tendency for them to be
somewhat higher when estimated on the basis of consumer expenditure survey data,
This could not be tested mthe case ot the Indian data, but high elasticity estimates for
the bottom quartite seem reasonable given the extreme hunger and poverty in India, and
the clasticity estimates for the top quartile are i any cise very low. The projection
procedure also steps down the elasticitios as inconmes increase over e,

Apart trom *he toodermn demand tor direct human consumption, an increasingly
mmportant component s the imdirect demand tor feedgrams through hivestock consump-
non. Untortunatelbs s an elabornate projection of this demand cannot be made beciuse of
madequate and poor dataz in particular, incomie distribution etfects cannot be worked
out. For detis of the procedure followed. see “Projections of Regquirements for Seed,
Feed. Indastrial Useand Wastage™ in Appendin 8. The procedure works with livestock
output units that cqual the werght of meat plus the weight ot eggs plus one-tenth the
werght obamlh . Even m these termss itk dominates the hivestock output/demand in
[ndia with a share of 70 percent. tollowed by meat and then eggs. [tis assumed that the
demand tor Investock products s deiven by income growth, through an income elastic-
Hy of demand ot 0.9 This s anoutput weighted average across ditferent livestock
products tor Indiv and i~ derved trome Sarma (198609 110 s close o a broad FAQ
estimate provided by Paalino ¢19863, The refationship between livestock demand and
feedgram demand expressed moterms ol the average Teeding ratio (hilograms of
teedgrinm to kilograms ot Investock output measured i hivestock output units) wis
estinited o be 20 tor Indi i TOR/SS Thas Tevel retlects a largely rural livestock
sector feedmy Large amounts of crop residues. Mellor and Ponteves (1964) have shown
that the vatio is Bikely (o rise substantially with increasing demand for livestock
products. particularly as crop residues become madequate and more productive live-
stock require better feeding. Ios assumed that the average feading ratio would rise at
arate of 1.2 pereent avear to reach about 2.4 by the year 2000, which is equal 1o the
current developmg-country average and compares with 3.2 for the world and 2.6 for
Astan developig countries. Based on these ratios, the feedgrain demand i the year
2000 1 estimated to be aboat 22 oulhion tons under continuation of past per capita
income growth rates. 27 nnlhon tons under Perspective Plan income growth rates, 29
muthon tons under the tiest aceelerated growth rate seenano, and 35 million tons under
the second acceterated growth rate scenaros The range between the feedgrain demand
outcomes of 22 amthon tons and 35 nuthon tons s Lrge and can make a significant
ditterence i the toodgram situation of the country . Such seenarios would be Tikely 1o
come about sooner or Tater with the acceleration of economie growth, and they have
been abserved m several other developmyg countrnies. Apart trom teed, the seed demand
works out toaboat S nulhon tons and other uses and wastage 1o about 12 million tons.,
tSee Appendiy S tor detaals

The tesults of total estimated toodgram demund under the ditferent seenarios
continnition of past per captta mcome growth rites, Sesventh Plan/Perspective Plan
meome roath rates, tiest aceelerated growth rate seenano, and second aceelerated
groswth rate scenanowath and swithout income distribution change, are summarized in
Table 290 The resulis show that substantially different outcomes of demand can emerge
under these difterent tuture seenanos. The direct toodgram demand can vary from 167
mullion tons o as much as 18Y million tons. The wtal foodgrain demand tincorporating
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Table 29—Projected total demand for foodgrains in India in year 2000

Alternative Income Distribution Assumptions

Without Change in Income With Change in Income
Consumption Scenario for Distribution (1963-2000)* Distiibution (by 2000)"
Alternative Income Growth Human Total Human Total
Rate Assumptions Demand Demand* Demand Demand*

{million metric tons)

I Continuation of past per capita
income growth rates

Rural 121.06 . 126.53
Urban 46.02 c 49,01 -
Total 167.08 206.35 175.54 214.81
2. Growth rates envisaged in the
Perspective Plan
Rural 127.82 . 133.13
Urban 47.68 Lo 49.09 v
I'otal 175.51 219.70 183.11 227.30
3. Firstaccelerated growth rate
scenario
Rural 131.60 - 136.83
Urban 47.97 - 40.82 ces
Total 179.66 226.3C 186.65 233.29
3. Second accelerated growth rate
SCeNndrin
Rural 134.78 - 139.73
Urhan a7.76 L. 49.01 .
Total 182.54 234.54 188.74 240.74

Notes: Foodgrains include cereals and pulses; rice is expressed in terms of milled rice. Parts may not add to totals
hecause of rounding.

“Shares in percentages 10,/7Q,/70,/0% 1 12718725745, urban 11/17/24/748. O, Q,, (3, and

Q represent quartile shares of income based on the Wational Sample: Survey consumer expenditure data for 1983,

"Shares in percentages 12,701,700 /C1,); both reral and urban - 15/20/25/40.

“Includes atlowance for seed, feed, other uses ang wastage. The estimated feed demand takes into account the

effect of income prowth only, not of changes i its distnibution

feed. seed. mdustrial use. and wastager can vary trom 206 million tons 1o as much as
20 mithon tons s Accekeration ol income growth rates adds up to 28 million tons for
the demand. and the assumed change m mcome distribution totals 6 million tons.

With regard to poverty alles iation, it is found that consumer expenditure (income)
levels cross the poverty hine for all the quartiles only under the tirst and second
aceeferated growth vate seenanos, and m bhoth cases only when accompanied by a
change mncome distribation. In none of the other seenarnos is po erty alleviated (see
also Table 270 This shows that a combimation ot aceeleration in growth rates and
least amoderate change m meome distribution walt be required 1o alleviate poverty by
the year 20000 nenther of these alone may be sutficient. And turther, this will have
sabstantal nnpheanons tor toodern demand. In this conteat. given the above obser-
vations refating the seenanios to poverty atleviation and with the national objectives of
aceeleration ot cconomic growth and afley iation of poverty, itmay be stressed that «
fooderam consimption level of abour 23535 nablion tons by the vear 2000 might he
comstdered a tareet,

The demand estimate when compared with the toodgrain production projections
given carlier. show outcomes wanging from the emergence of a marginal self-sutfi-
creney orasarplus of B3 nuthon tons toadeticit of 20230 nullion tons. These outcomes
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have profound implications for various scenarios for India’s development (see Table
30). They show that if the twin objectives of acceleration in cconomic growth and
alleviation of poverty set by the Indian planners are to be realized. there will be
tremendous pressure on foodgrain supplies. This will call first tor unrelenting efforts
to raise foodgrain production. Morcover, this will need to be done with increased
efficiency it it is to be cconomical, generate growth an real farm incomes. and avoid
large government subsidies. However, the estimates show that even impressive perfor-
mance on production may prove inadequate to meet the demand. This may call for
political courage to import foodgrains on a sizable scale and would require a develop-
ment strategy that can pay tor the toodgraim imports by generaling export surpluses in
other goods. Theretore, faster cconomic growth and eradication of poverty might not
be feasible without sizable imports, notwithstanding even an impressive growth in
foodgrain production from carrent levels to 220 million tons by the year 2000,
Mellor (1978) and Ezekiel (1990) have shown that if demand is allowed to outstrip
supply and Tood prices rise, the burden of adjustment falls mainly on the poor, since
they have relatively high income celasticities of demand and high budget shares of
mcome spent o food. This may be undesirable, In the context of the appropriate
development strategy. Desai and Schluter (1974) have shown that even marginal
changes in the cropping patiern can help generate more employment in the rural areas.
Further, Islam (1990) has shown that nontraditional agricultural exports could play an
important role in generating the necessary export surpluses while also helping rural
income and employment growth, Model simulations by Mcllor and Mudahar (1974)
have shown that the nonfoodgrain agriculture sector appears to have a large potential
for employment and that the importance of this cmployment may increase as industri-
alization takes place. Changes m the cropping pattern and an aceeleration in the

Table 30—Projected foodgrain supply-demand balances under alternative
scenarios of preduction and consumption projections in year 2000

Production Scenario

(1 (2) (3)
219.4 210.7 215.2
Total Million Million Million
Consumption Scenario Demand Metric Tons* Metric Tons" Metric Tons®

{miltion metric tons)

1. Continuation of past per capita 206.4" +13.0 + 4.3 + 8.8
income growth rate 214.8" + 4.6 -4.1 + 0.4
2. Growth rates envisaged in the 21974 -0.3 -9.0 -4.5
Perspective Plan’ 227.3" -7.9 -16.6 -12.1
3. Firstaccelerated growth rate 226.3¢ -6.9 -15.6 ~11.1
scenario 233.3" -13.9 —-22.6 -18.1
4. Second accelerated growth rate 23454 15,1 -23.8 -19.3
scenario 240.7" -21.3 -30.0 ~-25.5

Sources: Based on Tables 23 and 29.

“Production scenario 1 is based on each crop area and yield projected separately for each region.

"Production scenario 2 is based on total foodgrain area and yield projected in each region,

‘Production scenario 3 is based on total foodgrain area and yield projected at the all-India level.

!Consumption scenario without change in income distribution (1983-2000), given the following existing percent
income shares for the different quartiles: (},70Q,/0,/Q,; rural-—12/18/25/45, urban--11/17/24/48.
"Consumption scenario with change in income distribution {(by 2000 10 the following percent income shares for
the different quartiles: 0,/Q,/01,7Qy; both rural and urban—| 5/20/25/740.

'From the Seventh Five-Year Plan of the Government of India.
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nonfoodgrain rural sector through activities such as production of livestock and non-
traditional agncultural poods would be crucial for aceelerating rural income growth,
particularly beyond the limits of growth in foodgrain production. This may become
critical for meeting the twin overall objectives of aceeleration in ecconomic growth and
alleviation of poverty.

The breakup by commaodity of the demand-supply balances is given in Table 31 for
the demand seenario of the Perspective Plan thndia, Planning Commission 1985, vol.
ochap. 2y growth rates without change inincome distribution. Attention was drawn
carlier to the cantion necessary ininterpreting the breakup by commodity of projected
foodgram production in 2000, Subject 1o these cautions, Table 31 shows that, whereas
rice demand s almost squarely met by production, a significant surplus of 11 million
tons emerges tor wheat under the assumptions of this scenario. A substantial deticit of
LT mithon tons emerges for coarse cereals, This deticit appears mainly because of the
projected risean feedgrim demand as well as the projected decline in the coarse cereals
arca due to downward regronal trend Tmes and the arca normalization procedure.
Theretore, such a deticit may or may not emerge, but it it does it would tend to bid up
the relative prices ol coarse cereals. This may atfect the food consumption of the poor.
especrally the rural poor. who depend on coarse cereals 1o a larger extent. At the same
time. high coarse cereal prices may tend 1o suppress the growth of the livestock
industry. which may be otherwise beneficial from the point of view of emplovment and
meome grow the This may raise comples questions about the comparative advantage of
producing coarse cercals for hivestock teed in India versus importing it at a possibly
tower relative price to help the livestock industry and perhaps generate more employ-
ment.

Pulses show adeticitof Simillion tons, which may be met by diversion of more arca
10 pulses or by mmport of substitutes, as sometimes seen in past imports of Austialian
chichpeas. In general, these imbalances in individual commaodities may be expected 1o
be resolved through market mechanisms, either ina closed or an open cconomy
framework. These mechanisms may lead either to a change in production and consump-
tion patterns or to the export of one commaodity and the import of another. Wheat may
partly substitate for coarse grains, both in food and feed: pulses may rehound in
production because of high market prices.

Table 32 provides a comparison between the scenario results in this study and the
projections of other studies. It shows that the production projections of this study are
lower than those of the Seventh Five-Year Plan but higher than those of the World

Table 31—Comparison of foodgrain production and demand projections for

year 2000
Foodgrain Production Demand Difference
(million metric tons)

Rice 84.7 82.0 2.7
Wheat 86.7 75.0 11.7
Coarse grains 34.5 46.2 -11.7
Pulses 13.5 16.5 -3.0

Total foodgrains 210.4° 219.7" -0.3

‘From production scenario 1 {see Table 30).
"From consumption scenario 2 (see Table 30} with no change in income distribution.
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Table 32—Comparison v-ith foodgrain production and consumption projections
to year 2000 by other studies

Study Production Consumption

{million metric tons)
National Commission on Agriculture,

India, 1976 230.0 225.0 (high)
205.0 {low)
World Bank, 1981 213.0 thigh) 205.0 {high)
197.0 (low) 191.0 (low)
Seventh Five Year PPlan, 198590,
Planning Commission 235.0-240.0 240.0
Present study 219.4(high)* 240.74 (high)®
210.7 (low)* 206.35 {low)'

IFPRI study {for the Asian
Development Bank), 1984 220.74 210.23

*Based on production scenario | {se Table 30).

Based on the second accelerated growth rate consumption scenario with change in income distribution.
‘Based on production scenario 2 {see Table 30).

“Based on continuation of past per capita income growth rate consumption scenario with no change in income
distribution.

Bank. The Seventh Plan consumption target of 240 million tons in 2000 matches
closely the estmates of this study under accelerated cconomic growth with a small
change i mcome distribution. As stated carlier, this scenario would result in the
alleviaon ot poverty. However, the Seventh Plan’s production projections appear
high, since they imply a production growth rate of up to 3.4 percent compared with 2.6
percent mthe past,and. as was analyzed carlier, even the achievement of 220 million
tons appears to be a difficalt task. Achievement of the necessary rural income growth
rates to reach poverty alleviation and the target consumption would also require rapid
growth in nonfoodgrain agrniculture.

The tooderain production in 2000 estimated by the National Commission on
Agriculture at 230 million tons is higher than the present study's estimate of 219
milhion tons i production seenario 1. However, since the two projections started with
different base periods, the implicit growth rates actually work out to be the same. The
commission assumed ahigher fertilizer response coefficient (10 tons/ton), so despite a
higher production projection. the commission estimated lower fertilizer requirements
of B 16 million tons by 20000 Analysis in this study has, however, shown that the
response coetticient has dechned to about 7. indicating tnat apart from the need for
more tertilizers testimated at 20 midlion tons), there would be increased difficulty in
reaching even 220 mithon tons of foodgrain production,

TEPRT c19R84) also attempted to project the supply-demand balances of foodgrains
for member countries of the Astan Development Bank. The production estimates
obtiined in ot tor Indr are somlar to those under the present study, but the high
consumption estimates of this study are considerably higher. In particular, the other
studies do not bring out the markedly different demand-supply scenarios that are likely
to emerge tor foodgrimns in Indiunder alternative seenarios of development, particu-
larly when the twin objectives of aceeleration in economic growth and cradication of
poverty are pursued. These difterences stem substantially from an increased demand
Tor food as mcomes grow and poverty is alleviated, and tfrom an increased demand tor
feedgrams as the demand for livestock products increases.
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CONCLUSIONS AND POLICY IMPLICATIONS

India has accomplhished an impressive transformation in s agriculiural sector,
particularly i foodgrains, over the past 25 years. Study of the country’s foodgrain
produciion and consumption shows substantial growth in production and considerable
change m various factors underlying that erowth. However., the leveis and patterns of
consumption on i per capitic basis show refatively fess improvement, In the coming
decides the toodgrain situation may still change significantly . and growth in consump-
ton may play a very important role. Future development will, however, depend
substantially on the objectives, priorities. and strategy of government policies. The
results and discussons in this study peovide a number of findings that may be of
considerable importance for these decisions and policies.

Sustaining Growth in National Foodgrain Production

In the Tate 1970 and carly 19805, a number of studies raised concerns about a
possible deceleration sy the growth of foodgrain production. tndicating a decline in the
momentun ol the green revolution and possible evhaustion of the potential of available
technology. Analyzimg a longer national time series. the present study finds that there
was, in fact, some deceleration from the presgreen-revolution period (1949/50-
1964/65) 1o the first halt of the green-revolution period (1967/68-1975/76), coming
substantially from a decline in the arca growth rate But the study also finds evidence
of an acceleration of the growth rate, trom 1.9 10 2.4 percent i vear, from the first (o
the second half (1975/76-1983/81) of the green-revolution period. This appears to have
been driven. in particular, by o geographic spread m the vield growth that led to a more
broad-based growth in toodgram production. This has, however, still left out several
potential growth regions such as the Eastern region,

This acceleration raises the hope ot sustaining the national growth in Tfoodgroain
praduction. Other evidence, however, indicates that as much as 90 percent of the
growth i the second halt of the green-revolution period came (rom vield growth and
that this grow th was almost entirely technology -based. ivolving substantial increases
i the adoption and use of modern imputs by the farmers. This shows that Tuture growth
m loodgrin production is likely to be critically dependent on i rapid pace of techno
logical change. In this process. inereasie the use of modern mputs and maintaining
their productivities would be crucial. Thus, even though there has been aceeleration in
the recent past, the study mdicates that any future growth in foodgrain production
would be extremely demandimg, and a substantial government commitment to technol-
opy-based growth moagricubiure wounld be exeeedingly important,

Regional Patterns in Production Growth

Analysis of regional patterns of growth indicated that in past decades, growth in
foodgrain production had been refatively concentrated, particalarly in the Northern
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region. This was partly related o natural endowmente, preexisting infrastructure,
suitability ot seed-fectilizer technology breakthroughs, and concentration of govern-
mient efforts i this region to raise food production rapidly. All these factors led to a
predominance of the Northern region i growth, and also to concerns about the
country s substantial dependence on it and doubts about whether other regions could
generate such growth, This predonnmance moy also have contributed o difficulties in
sustatmng and accelerating the growth adequetely and ivimproving the cost-efficiency
of the growth.

The analvsis i this study shows that the growth 1 FO75/76-1983/84 had better
peographic distrtbution, wath the Uttar Pradesh and Central regions i parnicular
joming momore rapid growth, This change in pattern helped to reduce the coneentration
of erowth and dispel doubts about the potential tor growth i other regions, 1t showed
that more broad-based growih was possible and. given its many benefits, should be
planned tor. Further progress i this diection would iaply, i parocular, tie inclusion
of the Bastern and Western regrtons i growth through the dittusion and adoption of
better technologies.

Incluston ot the Bastern regron would be cnncal to makime - sigmificant dent in
cmmsthion of mational poverty, because ot the concentration ol poverty and potential
for groath there, Rapd grov th i the Eustern region would require concerted ettorts to
ttchle ats specnal problems of deselopmeat. The Committee on Agncultural Productiv-
iy Bastern Inda eSen Commntteer has indicated that thes would require large-scale
iy estment montrastruciure as well as emphasts onmmproving the admmstration and
maarement of development programs. Accelerating growth in the Western region
would call tor special ettorts to miprov e the productivity and stabiliny of devlend ¢ ops
througlh new vaneties, better water nanagement. and tackhng of the specitic ol
fertulit, constramts theres Dechimmy production growth an the Southern region is also
ol coreern but s tound to be miandy due to the dechmmg area allocated to toodgrains,
The nvwre, canses, and relative beretis of this diversion may require turther investi-
cation.

Inputs: Growth in Use and Decline in Productivities

Observations on growth rates mdicates the large and mercasing importance of
vield growth morasing production in the green-resolution pertod. Further, decomposi-
non of the vield mcrease mto components of cropping prattern change and pure vield
cltects shows thut the bulk of the mercase i overatl vielos onan all- India basis came
frony the pure acreases e crop vields. This mmphies the substantial importance of
technologcal change assocrated with L ¢ tereases momput use. A stuedy of the input
use data shows that there s o darge growth momodern mput use i the recent past,
particolily of HY'N area and ternhizer use. The use of these contimues to be coacen-
traicd but seems to have cxtended bevond the relatively stow - gronmg irmgated area,

A ngor problem mdicatea by the analvsis, howevers s adecline maggregate imput
productivities. This s shown for faithzers but i every Tikehhood mvolves the other
mputs as well othe decomposiion s diffrcult Hoevanse of problems in separating edtects
and becanse ot multicolbneanty s The dechne o productivities gnplies that large
trcreases mnput use will be required to generate the necessery growth i production.
The reasons belind this declhine urgently require tarther investigaiion and rescarch, The
dechne could be partly o result of dinnnisting returns due to persistent conceatration
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of input use in certain arcas. Overcoming this will require policy changes toward the
diffusion of input use to other areas where the gains obtaiable in additional production
may be higher. Incareas of current concentration, efforts may be required to break out
of the diminmishing returns, possibly through more halanced apphication of nutrients,
apphication of organic manures and more careful management of soil fertility und other
Factors of production meluding water management. Another reason for the decline in
productivities may be the spread of fertilizer use to rainfed and dryland arcas and 10
coarse grains where productivities may currently be low. This will require further work
m developing productive and resthient varicties for these arcas, better water manage-
ment, and i clearer understmding of the sol fertihty and nutrient constraints in these
locations.

Growth and Patterns in per Capita Consumption

An examination of trends i the Jevels of per capita availabiiity of foodgrains
showed no statistically sigmficant fong-term improvement or decline. This was puz-
slmg. particularly because the long-term growth m foodgrain production wis fairly
impressive at 2.6 percentaoyear and was gher than the population growth rate of 2.2
percent. It seems that the difference was utilized primarily 1o reduce foodgrain Impaorts
and burld up stocks. There was littde growth in the per capita consumption of food-
gramns. despite nationad income growth on the one hand and persistent hunger on the
other: Among the reasons tor the slow growth in demand appear to be the weak linkage
ctects from the growth i toodgrain production, and the failure of the development
strategy to signiticant!y improve the icomes of the poor. Since the incomes of those
i the bottom quartle. who have relatively high elasticities of foodgriin demand, have
not grown rapudly. this has atfected the growth in foodgrain demand. This calls for an
cihanced focus on poverty alleviation through improving growth linkages of the
existing productive activities (through better intrastructure and services), cncouraging
growth m potential arcas v here the poor are concentrated (for example, the Eastern
regronmi.and fostermg Taborantensive productive activities Gncluding forms of live-
stock and hortculture production

The National Sample Suivey data on per capita total consumer expenditure (inreal
terms. used as s proxy tor real income per capitay confirm the above-mentioned
patterns ieancome distribution. The data further indicate that betveen 1977778 and
OS5 the total expenditure disparity between the top and bottom quertiles in the rural
areas lessened someswhat, and the disparity between rural and urban areas also appears
to have been reduced. This may indicate <light movement toward an improved income
distrthution that may continie into the future. Between 1970/71 and 1983 the income
- the rural bottom guartile shows o small increase. but the urban bottom quartile
meome shows very ittle change. perhaps reflecting relatively good agricultural perfor-
mance but madequate nonagricaltural growth, This situation draws attention to the
urgent need to address persistent urban poverty . but there is an cqually urgent need o
tackle poverty inrural arcas, where the numbers are much larger and the income levels
stifl extremely Tow .

The National Sample Survey per capita foodgrain consumption daix show a small
decline of 6.4 Kilograms or 3.4 pereent in annual per capita foodgrain consumption
between the 1970/71 and 1983 surveys. An cquivalent trend is, however, not shown by
the per capitacavans . ity data, Given that the consumption SUrvey Covers one year in
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several years, this decline might be a reflection of year-to-year fluctuations. The
decline is shown by both the urban and rural data and is intriguing because the real per
capitic incomes. particularly in the rural arcas, show i small rise between these years.
One answer may hie in the relative price movements. On examination of these move-
ments for cereals the results show that the real prices of cereals, when based on the
national wholesale price indices, declined between 1970/71 and 1983, but when based
on implicit consumer prices, the real prices did not deeti=e as much. And particularly
i the rurad arcas the real consumer prices increased. and increased relatively more for
the bottom quartde. This indicates that part of the benefits of income growth, especially
to the poor in the rural arcas. were neutralized by adverse movement of prices. The
above finding indicates that under development with inflation, in order to maintain and
improve the nutritional status of the poor, i sir incomes may need 1o grow faster than
usually assumed ~o as to counteract adverse price effects. It also shows that pist growth
i foodgram demand may have been constrained not only because of slow growth in
the incomes of the poor but aiso io some extent because of adverse movement of prices
for the rural poor,

Future Growth in Production

Even though doubts abouat a deceleration might be put aside for the time being, it
is cvident from the study that sustaining future growth in production is likely to be an
extremely difficult task. This is apparent from, among other things, the sharp increase
i the importance of vield growth, little recent change in the absolute patential of basic
biochemical technology the decline ininput productivitios, and the relative geographic
concentration of growth. Future production growth will require continued substantial
cmphisis by the governnient ontechnology-based growth in agriculture along all these
fronts.

The future scenarto with the level of production projected for the vear 2000 at 219
million tons thase) envisages a growth of 2.8 percent a vear in the total output, 2ad of
this, 96 pereent needs to come from increases in vield - from an average ol 1,060
Kilograms per hectare i T983/84 10 1,627 Kilograms in 2000, The other two production
scenarios imply growth rates of 2.7 percent and 2.6 percent over the trend base of 140
milhion tons i 198 3/84 The input requirements for achieving the base scenario level
of production mdicate an annual increase o about 6.0 percent in fertilizer consumption
and 3.9 percentm gross drrigated arca under all crops. For fertilizers this involves. on
average, anncrement of 750,000 tons of fertilizer (NPK) every vear, which is almost
double the past annual increases between 1967/68 and 19%3/84. This increment will
require. among other ihings, wider geographic distribution of fertilizer use and its more
mtensive and balanced use i some areas. This may call for tremendous efforts in
several directions such as development of knowledge on the appropriate fertilizer use
on differeat locations and crops and dissemination of that imformation: institutional
arrangements and services for the sapply ol fertilizers on time in the required quantitics
and type: provision of credit for feritlizer purchase: and lavorable input/output pricing
policies.

The levelotirrigated arca assumed in the base scenario (100 million hectares) calls
for an annual increase of 2.9 million hectares between 1983/84 and 2000 in the actual
atilization of irrtgation. Thiv is nearly double the annual increase achieved hetween
1967768 and 198 3/84. The Seventh Five-Year Plan assumes an addition of 2.2 million
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heetares under irrigation cach year, and this needs to be stepped up in subsequent plans,
particularly because the potential created is frequently not fully utilized. Data given in
Chapter 4 ndicate that average vields of at least 3 tons per hectare of wheat and rice
can be reahzed on ngated arcas i HY Vs, fertilizers, and improved agricultural
pracuces are adopted simultincously.

The production growth envisaged i this study adso requires an aceeleration of
growthon the Fastern region, which will require substantial emphasis on the develop-
ment ol this region. The Committee on Apnicultural Prodactivity in Eastern India has
mdicated that this wall requore Targe ivestments ininfrastructure and improsement of
rural services as well as Jocation-specitic research o better exploit the potential of this
region,

Future Growth in Direet Human Consumption Demand

The study finds that the Tow -amcome groups have relatively low levels of foodgrain
consumption as well as high meome elasticities of foodgrain demand. Improvement in
therr icomes. through growth and better income distribution. is extremely important
tor alleviation of poverts and hunger but will lead to faster growth in the demand tor
foodgrams.

Uinder a consumption scenano that assumes Perspective Plan (India, Planning
Commission 19SS volo L chap. 2y meome growth rates and ne change in income
distribution. direct human consamption i 2000 18 expected to reach about 176 million
tons.which amounts toabhout 1800 kilograms per capita per year compared with 166.6
hilogramsan TOS2 84 assunung unchanged relative prices. Two-thirds of this increase
may be attrtbuted to population growth and one-third w mcome growth. Under an
accelerated erowth tate scenano that assames an aceeleratton in income growth rates
(to 3 pereent rural and 7 percent urban. amounting 10 5.7 pereent national), with a small
change moncome distibution, direct human consumiption is expected to reach 187
mithon tons in 2000 This amounts to about 191 kilearams per capata per year. This
Latter seenanio would result i poverty alleviation by raicing even the average income
of the bottom quartile above the poverts line. Achieving this scenario, which may be
considered a target, would require sabstantial elforts in ransing growth in foodgrains,
nomtoodgraims. and the nonagnculiural sector in ways thai generate more cmnloyinent
and mecomes tor the poar,

Future Growth of Feed Demand

Morz rapid ecoomie growth will also lead to faster growth in the demand for
hvestock products, parte carly from the upper- and middle-income groups. This in
turnoas hikely 1o dead 1o anise inthe demand for feedgrains. Vhe teedgrain demand
usually nises rapndly with cconomic growth in most developing countries, and its pist
growth rate i India has been relatively high, Futere cconomic growth is likely to lead
to-amore buoyant demand tor hvestock products in India. This would result in a larger
demand for Iivestock feed and would gradually lead 1o the exhaustion of by-products
currently avarlable tor teedimg anmals, which would necessitate feeding more prains
to the ammals. The shitt o rearing more productive animals would also create a need
for better animal nutnition, therehy inereasing the need 1o feed prains. Allthese factors
may lead to anincrease in the average feeding ratios of feedgrais mput to hivestock
output. thus turther accelerating feedgrain demand. Since livestock production can be
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substantially labor-intensive in developing countries, an expansion of the livestock
sector could also contribute to generating cmployment and incomes tor the poor,

Production-Consumption Balances

Although the seenarios for production and consumption of foodgrains in 2000 may
appear to have been worked out separately . they are in fact finked through the assump-
tions. The output levels of 21E-219 nullion tons in 20000 imply growth rates of 2.6-2.8
percent over the trend output of 140 mullion tons in T983/84. The rural income growth
rates envisaged e the ditferent consumption seenarios, however, range from 2,310 3.5
pereent. The growth rates mouse of iputs required to sustaim a growth of 2.8 percent in
foodgramn production are by themselves very large, and when further given the con-
strannts toarea grow the it becomes obvious that rapid growth i rural incomes may need
to come significantly from outside the toodgrain sector. To achieve a rural income
growth rate of 3.5 percent. nontoodgram agriculture would need 1o grow at a rate of
over .0 pereent. There appears to be potential tfor faster growth in nonfoodgrain
activities o the rural arcas, and the development strategy should focus on these
activities, particularly those that are Fabor-intensive. Such a strategy may also improve
the employment and imcome opportunities for the lower-income groups. Cultivation of
high-value export-oriented crops, livestock production including the poultry and dairy
sectors, and small-scale idustries are possible Tabor-intensive activities with potential
for rapid growthy,

The regronal pattern ot growth within the foodgrain production projections also
has important hinkages voaih the consumption scenarios. An explicit assumption in the
production projection is aceeleration in production growth in the Eastern region. Given
the relative concentration of poverty i this region, this acceleration of growth would
be crucral for raisimg the incomes inthe rural botto quartile, thereby alleviating
poverty as wellas bringing grow than toodgrim demand. Similarly. achievement of the
expected production growth pertormance in the Southern and Western regions would
be important for rasig the mcomes ol the poor. Such accomplishments would require
specitic policy emphisis toward the problems of agricultural growth in these regions.,

The achievement of expected vield growth rates in wheat and rice in the Northern,
Uttar Pradeshoand Central regions would also be required to bring about overall growth
0 production and rural incomes. This would demand continued government emphasis,
particularly on research and extension in these regions,

Implications of Faster Economic Growth and Poverty Alleviation

India’s Perspective Plan tIndia, Planning Commission 1985, vol. |, chap. 2) aims
‘o aceelerate ccononie growth and ehiminate poverty by 2000, Alleviation ol poverty
will require rising the incomes of the poor. particutarly the bottom quartiles in both
the raral and urban arcas. This wall require cconomic growth as woll as better distribu-
ton of income. Growth m tooderam production, given s importance, will need to be
an important cornerstone ot the deselopment strategy. But ineeting the government's
objectives will also vequire aceelerated growth i nonfoodgram rural activities includ-
ing nonfoodgram crops. livestock, fisheries, social torestry, and rural industries. 1t will
require greater emphasis andanvestment man employment-oriented strategy ol growth
that can raise the incomes of the poor more rapidly. This analysis shows that a
stuccesstulimplementation of such a strategy, leading to acceeleration of income growth
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rates and improvement in income distribution, could also fead to tood demand growth
that might make India deficit in foodgrains. This would create a need to import despite
an impressive agricultural performance. On the other hand. a failure of the stritegy
might leave India marginally surplus in foodgrains.

Theretore, achieving the twin objectives of acceleration of economic growth and
climination of poverty will call tor the adoption of an appropriate development strat-
cpy. o major tood production effort, and the political courage 10 import on i sizable
scale i required, i order 1o sustain the necessary growth and development in the
Indian cconomy.

Statistical Improvements

This section highbights some issues concermmg data linntations for policy research
that were encountered mthis study. Attention has already been drawn to the large
impact that poverty alleviation can have on gro . th of foodgram demand. However, the
effect of higher incomes m the upper- and middle-income groups on demand s not
clear. While on the one hand thers per capita demand for foodgrains for direct consump-
ton may not increase rapidly, or may even decline somewhat, their demand for
livestock products may increase, resulting in increased derived demand for foodgrains
for teed. Tn the absence of reliable data on feedgrain use and quantities of hvestock
products consumed. this aspect could not be examined in detail here, The issue calls for
collection md provision of such statistics on a national basis.

The allowances for seed, teed. and wastage now being applied by the Ministry of
Agriculture m caleulating the net avanlability of toodgrains for human consumption
from the production estimates have not been changed since the carly 19505, The
proportion of seed to yield per hectare is likely 1o have declined after the adoption of
HY Vs and the allowance needed 1o account for losses in storage and handlhmg also
could have dechned. On the other hand. the requirements for feed would have increased
with the increase i demand tor Hivestock products and the corrent programs for
development of hivestock activities meluding dairying and poultry. 1t is important that
the Government af India take measures to correct and update these estimates. Studies
such as Bansil 1989 could be done on a nattonal basis.

Consumption data trom the NSSO consumption surveys are often available only
after a considerable tme lag, No quantitative data on nonfoodgrain consumption are
avatlable from these survevs, These data deficiencies need carly attention. Beyond the
nattonal analvsis in s study o disaggregated analysis of consumption could be done
at aregronal level and should include items of food consumption besides cereals and
pulses. This study also shows that toodgrain rainfall indices are very uselful, and it is
sugpested that the Government of India should compuie and publish such index
aumbers ona regular basis, adopting an appropriate standard methodology.,

Some work on the determimation of response coefticionts for different mputs and
crops is beng done at the Indian Agricultural Research Statistics Institute. 1t would be
weetful b the institate would help undertake the regular revision of the input response
yardsticks for toodgrains as a whole. Whereas this would be adequate for planning, for
policy research - particularly in studying productivity it would also be valuable to
have measures o, response Tor different states., regions, crops, and nutrients under
different associated conditions.
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APPENDIX 1

DECOMPOSITION OF YIELD INCREASE
INTO PURE YIELD EFFECT AND CROPPING
PATTERN EFFECT

where

Y=W Y +W.Y..
HAY W+ AW Y+ AW AY (., and therefore
AY =AY W+ AY W (pure yield effect)
+ AW Y+ AWLY  (cropping pattern effect)

+ AW‘AY'- + /_\WCAYC (interaction),

I\‘

W= A

A

C

Wc= A
A = A'+ "\(.' N

Y = total foodgrain yicld,

Y= yield of iine grains (rice and wheat),

Y. = yield of coarse grains (coarse cereals and pulses),
A = total foodgrain ares,

Ag=arca under fine grains (rice and wheat), and
f A
Ae = arcaunder coarse grains (Coarse cerrals and pulses),

¢
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APPENDIX 2

SOURCES AND METHODS FOR REGIONAL
FOODGRAIN PRODUCTION DATA

A sigmihicant ettort has been made i this stady 1o par together consistent regional
datacon toodgraimn arca. production. and vield in India by crop, exhaustively covering
the entire country from the carly 19505 to the Fatest avarlable year of firm estimates al
the time of the analysis: An ettort has been made 1o make cach ol these time series
consistent and comparable over tme soas 1o permit as acceurate an analysis of these
vartables as possible. Foodgram production data tor India are reported under the 31
ditferent states and union terrttories, which are listed below

1. Andhra Pradesh P Ragasthan

20 Assam I8. Sikkim

3. Bihi 1O, Tamit Nadu

4. Gujarat 20, Trnipura

S, Harvana 21, Uttar Pradesh

6. Himachal Pradesh 22, West Bengal

7. Jammu and Kashmir 23 Andaman and Nicobar Istands
8. Karnataha 24, Arunachal Pradesh

9. Kerila 25, Dadra and Nagar Haveli
10, Madhyva Pradesh 20. Delhi

Pl Maharashira 27, Goa, Daman, and Diu
12, Manipur 28, Mizoram

3. Meghalava 29, Pondicherry

L4 Nagaland 30, Chandigarh

IS, Orissa M. Lakshadweep

[0, Punjah

For the carly years, most of the data are reported i acres, fong tons, and pounds
and require conversion. The geographical coverage of the area reporting the crop
estimates has expanded over time and the methods of vield estimation have also
undergone o change i many ol the states and union errtories. Tradinonal methods of
vield assessment based oneye estimates have beenreplaced by systematic crop-cutting
surveys. Al these changes cause noncomparability in the published tme-series esti-
mates. which then do not necessanly retledt real growth or chianges, To add 1o the
ditticulty - these changes have taken place at difterent times i different states. and state
houndaries too have sometimes changed because ol reorcamzation of states,

Inan ettort o overcome these problems, which are very serious lor e -series
studies, the Directorate o Beonomies and Stansthies, Ministiy ol Agriculture. has
worked outand published o special set o adpusted estimates of toodgrain production
tor the pernod 1949750 T9604/65 Tn addinon, idex nimbers of arca, production, and
viclds of foodgrnn cropsowlnch retlect e sertes adjusted for the above-mentioned
methodological and coverage change s, were wlso puhlished. However, these are com-
monly avardable only tor the ageregate all-India level, The Directorate at one point
published similar adjusted mdex numbers for arca. production, and vield for 15 major
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states, and these are available in a publication (ndra, Ministry of Agriculture 1968)
that gives index numbers by crop for these states trom 1952/53 1o 1964/65. No major
changes i methods of reporting or coverage of the crop estimates have tihen place
stiee 190465 The ditterence between “adjusted™ and “unadjusted” estimates of all-
India production ot toodgrams tor 1949750 was as high as 6 million tons (Frgure 19),
This thuctuated trom vear to vear and was gradually reduced 1o nil only by 1964/05, by
which ame most ot the Changes were completed.

For these TS states rather than usmyg pubhished unadjusted data trom Area and
Production of Principal Crops i Dndia (ndia, Ministiry of Agriculture), adjusted area
and production data have been gencrated tor 1952/53 196364 using the above-men-
toned index numbers, wath the 1964765 indes numbers and correspondimg tinal esti-
mates of arca and production serving as the cquating base. From the vear 1964763
onward. tiures o areaand producton are directy adopted from Area and Produc ion
of Principal Cropy n - diac For the reninmng states and union (errtories., figures tor
arca and production were directty adopted from this publication tor the entire period,
The contmbution ot these remamimg states and union territories to total foodgrain arca
and production s sl The wea and production freares tor cach state and union
terrtory swere aggrevated mto regional tigares tor the Northern, Uttar Pradesh, Cenreal,
Western. Bastern.and Southern regions, based on the compositios of each region given
i Chapter 3

Figure 19—Difference between adjusted and unadjusted production estimates of
foodgrains in India, 1949-83

Mathion Metne Tons
7

Adjusted

| . i B : B [ . PO . . . . : . . . . . . . . . '

to49 St hR) AN S7 hU 6 65 67 oY 7 n 78 77 79 Kl K3

Sourcess Basec ondats trom India, Minestry of Apncalture, Directon e ol Foonomites and St isti so Vrea amd
Probu qionof U soapal Cropy on Ina, s anious issaes (el Cantroller of Publi WHONS VATHS S ears ),
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e APPENDIX 3

REGIONAL GROWTH RATES AND THEIR t-STATISTICS

Table 33—Regional growth rates of foodgrain area, production, and yield

Rice Whear Coarse Cereals Total Cereals Total Pulses Total Foodgrains
duc- duc- duc- duc- duc- duc-
Region/Period Area tion Yield Area tion Yield Area tion VYield Area tion Yield Area tion Yield Area tion Yield
ipercent veari
Ncrthern
105253 1004 ¢S5 dod S9v 120 330 525 1.80 -0.17 245 2082 184 230 2352 .37 123 -0.14 1.od 358 1.91
t-stanistic F1LO0 50,00 230 11.70 1320 3.0 -0.51  3.50 538 10.27 11.20 ~05 1i3 075 -ut2 442 832 4.40
1907708 1975 To 153 1024 545 275 41 1.ov 021 085 Q065 108 £38 230 108 -5.77 -385 1.20 3.30 2.02
tsie.stic J2lo LBS 0.00 3060 3.08 200 032 086 0.03 B804 40§ 2,00 -105 -1.53 -1.65 2.05 3.25 2.57
107570 1983 84 818 11.36 275 3.20 6.30 307 -3.00 -203 173 200 010 305 -T55 1442 -743 0.80 5.3 421
t statistic SL0TTS 200 1470 1500 1000 -5.02 -1.40 195 13.80 1535 005 -3.20 -502 -2.05 200 10.55 10.50
Uttar Pradesh
19052 53 1904 65 LA 320 242 082 154 070 -093 -001 033 0.38 140 1.08 .53 120 -1.72 042 070 0.37
* statstic 1830 000 350 275 155 Q73 -540 -1.00 058 278 265 210 338 -1.37 -1.80 350 138 0.67
1657 061075 o 022 200 20606 280 314 027 -187 -1.74 013 044 oo 125 -351 -530 -1.02 -0.32 052 0.84
t stanstic 070 2060 270 610 205 021 -630 -1.15 0.00 280 1.00 1.35 -11 00 -2900 -0.00 -250 040 0.83
1975 76 1983 82 P81 483 207 383 B34 233 2323 107 130 136 551 200 -0095 -0.76 024 1.01 481 3.07
I stanstic 440 130 083 1050 820 41.00 -805 -096 070 575 330 2.50 -280 -(.31 0.1 500 280 225
Central
105233 1962 05 132217 080 340 274 073 130 227 005 177 234 000 20C 2.02 053 1.82 238 0.56
tstatistic 1707 1.80 073 430 250 ~1.23 4734 250 1.40 11.50 420 1.30 <16 230 0.08 870 380 1.17
1907708 1075 7o 1120057 -0.52 208 502 288 -1.34 -072 0.3 -008 1.6 134 201 4 00 143 000 1.84 1.17
t statistic 480 027 -020 180 3.04 310 -200 -0.31 0.28 -0.10 0.73 085 3.50 0 215 .08 1.55 1.06 080
1075°70 1083-81  0.73 185 1.1 124 562 434 104 306 1.20 1490 374221 -0.77 -0.48 030 0.83 2.87 2.02
t statistic .20 047 030 150 350 230 407 1.00 040 0.30 1.00 0900 -1.05 -0.18 0.14 380 1.20 0.94
Western
1052753 190405 1.87 420 238 110 348 228 0.01 241 241 034 208 203 -0.34 -0.27 0.07 0.22 250 237
tstatistic 1230 840 400 170 3.80 270 0.07 3.00 300 500 540 540 -0.84 -035 0.11 1.67 490 4.80
1067/68-1975. 760 -0.43 138 182 1.75 824 039 -1.20 1.57 2.82 -0.84 222 3.00 .80 3.50 1.8 -0.30 230 276
tstatistic ~-0.82 058 0.05 0.7 240 3.80 -1.20 0.0 1.70 -0.87 087 1.0 1.37 1.07 0.86 -0.38 0.90 1.72
1075/70:1083784 078 1.42 0.63 -1.02 1.13 2.17 0.04 1.10 1.1S 0.04 1.23 1.19 1.50 287 1.20 0.32 1.38 1.65
t-statistic 270 1.09 0.60 -1.05 1.02 250 0.12 1.07 1.24 0.12 1.25 1.60 3.05 170 007 090 1.38 1.47



Eastern

105253 1vod ‘05 0.00 210 140 071 223 151 072 221 148 070 220 149 Q

T stats ¢ 5400 200 220 0.83 1.20 073 14T 250 310 282 312 247 0

WoT 081975 7o 072 Qo4 -008 Q61 1501 501 <011 =220 216 133 173 041 [

stanstic 200 083 011 300 300 225 -0.15 -0.04 -073 755 231 Q.03 |

Q75 76 1083 84 -0.73 058 N 1S 18T -(0.89 102 -1.32 009 235 -00Q1 -048 943 0

tstanshc STE3 -030 000 -Z80 -050 085 -1.90 075 230 -2.40 -0.27  0.30 Q
Southern

1004 o8 202 Lod 1oe toi LIS -0d6 -000 212 274 08T 382 202 0

Thed 1270 900 100 000 -0.57 =270 S0 780 S40 11480 11.30 1

QTS To J2e 288 240 924 2804 1802 -058 1 227 —003 250 258 1

Qo 320 383 930 8357 020 -1.p00 1..d 330 -0.00 3.70 5.45 2

1983 84 0.08 193 203 -400 -303 027 -298 -128 170 -1.72 1.12 280 |

stansbc S0w0 1500 360 2320 -1.05 0 009 =550 -1.15 225 -280 005 420 <
Alllnaia

1952 S3 190d 03 137 333 173 2200 332 102 021 138 116 099 263 1.2 |

T statistic 2080 .02 304 400 520 1.05 1300 330 3.80 voan 720 S0 4

[ea? 08 10TS To Q.07 1.8V .23 3.200 547 218 -1.07T Q.27 1.35 031 222 1.0 0

Uatannsiic 35 200 1300 553 380 205 340 000 120 140 330 3.80 1

1978 7o 1U83 B2 Q22 QT 1.75 103 572 372 -0d06 0.08 1,14 0.31 277 2435 -0

t statstic 0.4 133 150 450 T 670 115 679 158 150 205 280 0
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APPENDIX 4

SOURCES AND METHODS FOR INPUT DATA AND
RESPONSE COEFFICIENTS

Input Data

Fertilizers

The basic source ot tertilizer dataos Fertilizer Statistis, published annually by the
Ferulizer Association of Indiain New Delhi. Fhe data on tertilizer consumption refate
tomitrogenoas, phosphatic, and potassic tertilizers and are based on dispatches to the
retal trade. Theretore they do notinelude stock changes at the retnland tarmer ey els,
The dataare indicative of the wtal fernlizer nse on all crops but do not give the amount
or pereentage that s applicd to toodgrams cach vear, An IFPRT research report (Desan
FORD) provides anigorous study of the pattern of fertlizer use m Indii as wellas several
benchmark estimates on this issue. The report estimates. on the basis of NSS survey
datacthat 45 percent of the tertiizer used 1 1955/56 went 1o foodgrmms and that by
FO70/71 thas share i tisen 1o 56 percent, Further. on the basis ol survey by the
Nivtonal Council of Apphied Economie Research, the report estimates that by 1976/77
this frgure had tisen to 70 percent. 10 assunied i this study that the share of fertilizers
gong o toodgrams rose more stowly 10 75 pereent by TUS3/8.,

Betwesn these benchimarks, hinea (steadyy e iereases have been assumed in the
percentage share hetween 1976/77 and 198384, and between 1970/71 and 1976/77.
The annual rate of increase between 1970771 and 1976/77 was adopted for the period
between T967/6% and 1970771 also, under the assumption that a certian acceleration for
toodgrams began trom the Lirst yean of the green revolution, namely 1967/68. Apain,
lnear rate ot increase s assined between the benchmark of T955/56 and the year
FOO7/68. and the annual vate of mcrease between these two years his been extended
back 1o 1949500 Estmating annual utilization ol ferthizers using lincar rates of
merease and relating the production potential created 1o Huctuating toodgraim produc-
ton s open to objection. Teean at best pive approviniate relationshaps, and caution s
tequired i reaching conclusions from these data, Table 34 <hows the relevant data
along wath the unplicd average per hectare rate ol apphaation of Tertilizers (o tood-
grams and nontoodgrins, omay be noted that the amverage ver hectare rate for
nontooderams s heeher than that tor toodg s during most of the period until the
carly TOROS wnen s surpassed by the rate for toadgrams. This s consistent with the
more raprhincrease mthe toodgram yvield indes compared with the nontoodgram yield
indes cround s period. For 1967/68 the teruh zer consumption hipure given in Fable
s 1539900 tons, whereas that piven m Table 7 s FAOO.000 tons, This ditference
between the agpregate and the dhisaggregate data exasts mothe Tndian fertilizer statisties
and cannot be carrently resolved without turther imtormation.

High-Yiclding Varicties
High-yielding vancties (HY Ve, started entering Indian agriculture in a significant
way i F967/68. The data tor this are obtained from Area and Production of Principal
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Table 34—Fertilizer use in India, 1949/50-1983/84

Total Share of Total Ar., unt Fertilizer for Fertilizer for
Fertilizer Fertilizer for of Fertilizer Foodgrains Nonfoodgralns
Year Consumption Foodgrains for Foodgrains per Hectare perHectare
(1,000 metnc tony) {percenty {1,000 metng tons) [kdlograms) {kilograms)
1040/50 228 43.00 .80 0.10 0.30
1050/5] 36 43113 15.77 .16 0.58
1051752 65 6 1367 28.65 0.30 1.01
1962/513 05 7 34400 28.91 0.28 1.02
1953754 105 | 34,33 46,54 0.43 1.73
1054/55 1200 A4.07 54.00 0.50 1.85
1955756 110K 15.00 SH K6 0.53 1.96
1986757 1534 4533 60.72 0.63 2.10
195758 1837 45.67 H3.K0 0.77 2.74
1058/5Y 221K 16,00 102.05 0.90 3.27
105960 1040 1633 141,13 1.23 4.34
1960761 203K d6.67 137.11 1.19 4.20
161762 33K 17 00 150.00 136 4.55
1962/63 4522 4713 214.04 | H1 6.14
1063/ 04 95430 A7.07 250.20 2.21 7.19
1064705 772 48.00 17114 314 n79
1065766 784.0 4833 370.22 1.29 10.00
1966/07 1,100.6 AK8.67 535.03 1.05 13.44
1967/68 1,530.0 49.00 754.55 6.21 18.56
106K/ 64 1,760 7 51.13 003.43 7.50 21.91
19649770 1,082 4 53.07 1,063.89 K01 23.74
1070771 2,250.0 56 011 1,263.36 10.16 231.03
V7172 2.050.0 5K 13 1,549 K0 12.04 20.01
1072773 2,7067.0 60.67 167919 14.08 25.40
1073774 2.838.0 63.00 1,788.32 14.13 24.24
107474 20733 053} VoK1 22 13.849 20.60
107570 PR URR n7.67 1,958.14 15.28 21.70
107677 3440100 70.00 238770 19.20 23.80
197778 1285 8 70.71 3,030.67 23.77 28.05
1U7H 70 501609 7143 1,654.03 2833 3106
FO70 R0 52554 7214 L7001 40 1) 24 12.94
[OHO K] 5.518.6 72 .86 301851 $1.72 312.24
19K 8) 0,064 0 7357 440137 34.59 33.45
TORD 43 (IR 74.29 4,745 37 37.04 34.55
TOR /84 77100 74 00 5, 78250 44 00 40.09

Sources  Authars” calcalations based on data from Fertihzer Assocation of India, Fertidizer Statistics (New Dethi:
FAL various years)

Crops o A chndas Nastes ot Apocudtures for the number of hectares ol pross
ctopped area and cover Y VS of nices wheat, manze, povar s and bagea. These data are
ohtamed trom the state covernments:who baee then estmates ondata furmshed by the
primaiy reportnye avencies alter peviodic creponspeciton, I some states the data are
hased on the teoorts of apncultural extenston and other sttt ot the agncotural
department

lrrigation

Data tor e ated area tor tooderams are obtamed trom Dadvan evcalte oo Breet
Hndi Mamsty of Avncultiees for the number of hectares ol gross o pgated arce.,
Fhese dataare abso based onthe reports turmshed by the prmaes repor g agencies of
the Revenue b and Records departments atier peradic crop mspection Insome states,
the data e turmeshied by the stdt ot the nogeation departments, There v adso another
sonrce ob data on redation, namely the progress reports on nigor medim, and mimor
wngation schemes sabnntted by the tespective departments. Ther e wade differences
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between the data from these two sources. For the present study the former source has
been adopied.

Basis of Response Coefficients

Sarmaand Roy (1979 adopied the following response coetticients (vardsticks) for
assessigmput response i toodpram production: 0.50 1ons per heetare for imigation,
HL.O0 tons perton of nutnent tin PKy for tertithzers, 0445 1ons per hectare tor additional
arcacunder foodgrmns and 033 tons per hectare for the shitt o area to nee and wheal
from coarse cercals and paises. Foas assumed that these response coclticients are
additive though the inputs e apphed mocombmation. Fertibizer response s assumed
toanclude the HY'V jesponse

Fhe response coethaents tor ampation and tertilizers were the same as those tht
have been used e national planning i Indra tor determummy tood produchion targets
tived.m part, on the basis ot production potential. To arove at the other coetficients.,
the estimated contibution of ingation and tertlizers was subtracted from the averape
toodyram output i 19960 1961/62 that 15, 8062 milhion tons. The balance (67581
milhon tonsy was subdivded o two parts represenung the outputs of (1) nice and
wheat and €20 coarse cereals and pulses. The Tatter was estimated usmy the average
sicld ot coarse cereals and pulses €045 ons per hectare), The average vield of nice and
wheat cexcludimy the contiibution of irngation and tertilizers) was then derved as 078
tais perhectare Thos the vardstick ot addimonal production for shatt of area from other
foadgrmms to ree and wheat was estimated as 078 0035 00338 tons per hectare. No
separade response coetticient tor Labor was adopted.

Conviderable work was done on the vardsiichs or response coethicents by the
Indian Apnculiural Statistiics Rescarch Institute (TASR D i the 1960, based on the
data on tield tnals The National Commission on Apncalture Chndua, Ministiy of
Apniculture 197605 also reviesed the avalable data and arined at the response coelti
cients ot ferulizens at S tor traditional vanenes and 10 tor an s erage of tadiional and
high-vieldimg vanenes But these have not been review ed sinee then, Although iASRI
iscontimwimg s work on vardsucks no apdated compostte vardstis ks ma torm suitable
tor apphicanion an the computation ot production potential have been evolved. !

Calculation of the Rainfall Index

Ranball diata e reported by the Tndia Meteorological Department on i compiled
basis for 32 ditterent tintall zones tTable 19) Acviavdtwral Sttvation i Inda (India,
Mimstry of Apncultures reports tomdall recemved moeach of the 32 zones m the four
seasons ot cach years monsoon, June Septenmiber: postionsoon, October December:
winter, January February: and premonsoon, Mareh May o Actuad rantall receved and
norma cwnfall i cach season s reported tor cach zone.

(R
JASRI recently broupln out a manograph on vardstichs For uniganon, but these are e output per
centimeter of water tor celected individual crops at dilterent centers
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Table 35—Rainfall reporting zones in India

Share
in Gross
Sown Area,
State/Zone 1973/74
(percent)

AndhraPradesh

Coastal 2.7

Telangana 33

Rayalaseema 1.8
Assam and Meghalaya 1.9
Bihar

Plateau 1.6

Plains 4.7
(ujarat

Gujarat region 3.5

Saurashtra, Kutch, and Diu 2.7
Haryana 3.0
Himachal Pradesh 0.5
Jammu and Kashmir 0.5
Karnatara

Coastai 0.2

Interior north 3.6

Interior south 2.6
Kerala 1.8
Madhya Pradesh

East 5.3

West 73
Maharashira

Konkan and Goa 0.5

Madhya Maharashira 4.7

Marathwada 3.1

Vidarbha 3.2
Nagaland, Manipur, Mizoram,

and Tripura 0.5
Orissa 43
Punjah 3.0
Rajasthan

East 4.9

West 5.7
Tamii Nadu 4.5
{Ittar Pradesh

Fast 8.u

West (Pla ns) 50

West (Hihs) 0.7
West Bengal

Sub Himalayan and Sikkim 1.2

Ganecin 3.1
Allindia 100.0

Source: Based on data from Center for Monitoring Indian Economy, Basic Statistics Relating to the indian Economy,
vols. 1 and 2 (Bombay: CMILE, 1084).

In this study. tor the Kharf crops, the monsoon and postmonsoon rainfall are
considered the mostrelevant. Theretore, for cach zone the ramntall received in these two
seasons s added and expressed as anoimdex or percentage morelation to the normal
raintall. This as called the Kharf rantall idex tor the zone. For the rabe crops, the
postmonsoon and winter rantall are considered the most relevant and these are simi-
Larly computed into i rabr vantall index for the zone.
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State (a state may have several zones) kharif and rabi rainfall indices are computed
from the zonal indices by using the gross sewn arca in the reference year of 1973/74 in
cach zone as the weights (Table 35). A state rainfall index is then computed for cach
crop year by using the state kharif and rahi average foodgrain production in the
reference period 1972/73-1974/75 as weights. This is an improvement over the Cum-
mings and Ray (1969) methodology (also adopted by Sanderson and Roy [1979]),
which makes a prior classification of states into groups and applies only the kharif
index to one group of states.

The state ramfall indices are then converted into an all-India rainfall index for cach
year by using the average foodgrain production in each state in the reference period
FO72/73-1974/75 as weights. In this manner, the gross sown area and the foodgrain
production are vHowed to do all the weighting for aggregations across zones and states,
and no other prior classifications arc g plied.

Given the limitations of tiie and data. indices were computed in this manner for
the years 1973/74-1983/84. Tor the years 1951/52-1968/69 the Cummings and Ray
indices (for cereals) were adopted, and for tac years 1969/70-1972/73 the Sanderson
and Roy extension of the indices was adopted. The overlapping period of the two
indices (1973/74-1977/78) showed that both were highly correlated and close; there-
fore. there was little problem in merging them.
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APPENDIX 5

RESULTS OF FACTOR ANALYSIS
ON FOODGRAIN PRODUCTION
DETERMINANTS

A. Principal components on six variables; three factors retained.
I 2 3 4 5
Eigenvalues:
4.7038 0.97192 (.27927 0.03018 0.008727
Sum of eigenvalues = 6.0000
Cumulative percentage of cigenvalues;

0.78397 0.94596 0.99250 0.99753 0.99899
T8% 16% 5%

Eigenvectors:
Vector |

0.42409 0.45532 0.43816 0.44569 0.45518
Vector 2

0.10725  -0.02947 =-0.10401  -0.09805  -0.13665
Vector 3

0.70253 (.24764 -0.50183  -0.40833 0.02405
Factor matrix (three factors):
Variable afg

0.91977 0.10573 0.37126
Variable arw

0.98750  -0.02905 (0.13087

0.006070

1.0000

0.12261

0.97392

-0.16120
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Variable frfg

0.95029 -0.10254 -0.26520
Variable hvfy

0.96662  -0.09666 -0.21579
Variable irfg

0.98721  -0.13472 0.01270
Variable rain

0.26591 0.96015 -0.08518

Iteration
Cycle Variances
0 (0.223537
1 (.282626
2 () .285571
3 (.285575
4 0 .285575
5 0 .285575
6 0 .285575
7 0 285575

B. Results of factor analysis on foodgrain production determinants.

Rotated factor matrix (three factors):

Factor 1 z 3
Factor Technology/

identification Inputs Rainfall Area
Variable

afg (area) 0.50537 0.19469 083767
arw (rice/wheat) 0.72269 0.10649 0.67787
frig (fertilizers) 0.93102 0.08348 0.33185
hvfg (HYV) 0.91506 0.08495 0.38171
irfg (irrigation) 0.81075 0.01938 0.57895
rain (rainfall) 0.06285 0.99221 0.10688
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Check on communalities:

Variable

o R R I S R

Original

0.99499
0.99313
0.98389
0.99027
0.99289
0.99986

Final

0.99499
0.99313
0.98389
0.99027
0.99288
0.99986

Difference

0.47367E-06
0.49816E-06
0.50197E-06
0.50461E-06
0.50796E-06
(0.81344E-08
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APPENDIX 6

VARIABLE NAMES AND DEFINITIONS
IN PRODUCTION FUNCTION ANALYSIS

YIELD

FERT

HYV

IRRIG

RAIN

102

Yield of foodgrains in Kilograms per hectare. This is an average yield
obtained by dividing the foodgrain production by the gross cropped area
under foodgrains. Both production and area figures are adjusted for changes
in coverage and methodology over the years.

Fertilizer use in kilograms per hectare. This is obtained by dividing the
quantity of fertilizers applicd to foodgrains (see Appendix 4) by the gross
cropped arca under foodgrains. The fertilizer data are for an April-March
year, but given the cropping practices in India. this requires no adjustment
for the July-June crop-year basis of the rest of th- data.

Percent coverage of high-yielding varieties. This is obtained by dividing the
gross cropped foodgrain arca under [IYVs by the total gross cropped area
under foodgrains. In an input-output context, assuming a constant HYV
seed rate, this represents the per unit average HY'V seed use.

Percent coverage of irrigation. This is obtained by dividing the gross irri-
gated foodgrain arca by the gross cropped area under foodgrains. In an
input-output context, assuming a constant rate of irrigation, this represents
the average irrigation application per unit of arca.

Foodgrain rainfall index. This is the wll-India foodgrain rainfall index and
represents an index of the weighted average raintall actually received for
foodgrain crops per unit of arca (sce Appendix 4),



APPENDIX 7

METHODS ADOPTED IN USING NATIONAL
SAMPLE SURVEY CONSUMPTION DATA

The National Sample Survey (NSS) consumer expenditure data on foodgrains
(India. Department of Sldll.\llt‘.\‘) are available annually up to 1973/74: subsequently,
they are available for 1977778 and 1983, The principal focus of this study is on the
1977/7%8 and 1983 data. As a convenient past reference point, nuain use has been made
of the vear 1970/71, in part because a more detailed breakdown is available from the
1970/71 survey on food items through a special report made on this by the National
Sample Survey Organization (NSSO) to the National Commission on Agriculture
(India, Department of Stacsties 1975).

For cereals and pulses, quantity as well as value data are availab'e by income (1otal
expenditure) group in the 1970/71 survey. From the mean values and quantities,
implicit consumer prices for cereals snd pulses are computed tor the year 1970/71 for
the rural and urban arcas. In licu of any alternative information, wholesale price indices
for cereals and pulses are used to shift these mean consumer prices 1o 1977/78 and
1983, In this way, the wholesale-consumer and the rural-urban price differentials are
maintained. The 1977/78 and 1983 survey data provide the quantity data for cereals,
but the pulse data are only in value terms: therelore. mean values are converted to
quantity by applying the estimated 1977/78 and 1983 prices for pulses. The rural and
urban mean per capita consumption levels for cereals, pulscs. and foodgrains thus
obtained for 1977/78 and 1983 are converted to national estimates by applying rural-
urban population ratios computed from census estimates.

The nonavailability of quantity data for pulses in 1977/78 and 1983 survey publi-
ciations poses more difficult problems for analysis of the data by income group and
quartile. Quantity as well as value data are available for the 1970/71 survey, and
mmplicit prices calculated from this show that the prices vary considerably and broadly
over income groups, being low for low-income groups and high for high-income
groups. Part of the price differentials may be due to the quality cnmpmi'i(m of the
pulses consumed by different income groups. Given such a distribution of prices, it
would be incorrect to apply a uniform price across income groups tfor estimation of
quantities. Another problem is that the nominal income groups vary from survey to
survey. and even it they are the same. the real value they reflect is not equal, because
of the substantial inflation taking place over time,

From the 1970/71 survey data, implicit prices can be calcutated for cereals and
pulses for cach of the income groups and these are divided by the mean price of cereals
and pulses for this vear, giving the distribution of the prices around the mean. It is
found that a log-log function between this price ratio and the mean in.ome (otal
expenditure) levels of each group provides a good fit for the price distribution. It is
assumed. therefore. that a retationship of this form exists between the real income (real
total expenditure) levels and the implicit prices (expressed as a ratio of the price to the
mean prch and this could be used for other years. The mean income levels of the
different income (total expenditure) groups for the 1977/78 survey are deflated to the
(real) 1970/71 price level by applying the a;__nullluml labor con-umer price index for
the rural arcas and the working-class consumer price index for the urban arcas. No
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quantity data are available for pulses from the 1977/78 survey. Therefore the real
income levels for 1977/78 are applied to the 1970/71 estimated log-log price distribu-
tion function for pulses to give a distribution of pulse prices around the mean for
L977/78. The mean pulse price for 1977/78 is computed by moving the 1970/71 mean
pulse price 1o 1977/78 by using the wholesale price index of pulses. Applying this
mean price to the computed distribution, a pulse price is generated for each income
group. Applying these prices to the already available values, quantities of pulse
consumption are generated for cach income group.

Quantity data are also unavailable trom the 1983 survey for pulses. so the above
method s repeated to estimate the quantity data by income group for 1983, The
1970/71 estimated price distribution function is used for pulses, applying the appropri-
ate deflated real income data. An observation of the plots of actual and fitted data for
1970/71 showed that this method works well but may have a very slight tendency 1o
overestimate the low-income group consumption and underestimate the high-income
group consumption,

Quartiles are based on the sample frequency distribution of numbers of households
and use the per capita income (total expenditure) group means provided by the survey
data as well as the available or otherwise computed per capita consumption quantities.
The consumption at specific income levels is read off from a discrete function plot
between income and consumption, assuming straight-line changes between the points
of observation reported with respect to cach income group.

It may be added that the estimates of per capita availability derived trom the
Ministry of Agriculture’s figures and those of per capita consumption obtained from
the NSSO are not strictly comparable for a number of reasons. First, the ministry
figures are based as supply-utilization balances and represent the disappearance con-
cept. The NSS data represent direct estimates ol per capita houschold consumption
obtained by the interview method. Second. to the extent that the ministry takes into
account changes in government stocks only, and not those with private trade and
farmers and consumers. the per capita availability figures are approximate. They do not
represent annual fluctuations correctly. To avoid this difficulty. three-ycar moving
averages are sometimes considered. Third, the NSS per capita consumption figures
relate to houschold co sumption only and do not include nonhouschold consumption
such as hotels: thus they may underestimate the consumption.,
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APPENDIX 8

METHODOLOGY FOR PROJECTIONS

Assumptions in Prejections of Foodgrain
Production and Consumption to Year 2000

Production Projection

The projections are worked out separately for rice, wheat, coarse cereals, and
pulses disaggregated over the six regions of the country—Northern, Uttar Pradesh,
Central, Western, Eastern, and Southern-—and are based on adjusted state data from
national sources. This is the base scenario,

Area and vield are projected separately using their trend growth rates (modified if
necessary as explained below) and are finally multiplied to give the production projec-
tions. Growth rates are applied to 1983/84 trend values.

Post-green-revolution (1967/68-1983/84) semtlogarithmic trend growth rates are
used for both arca and yicld.

Areca projections require some adjustment to make them realistic. Within cach
region, arca under cach crop/erop-group as well as that of total foodgrains is projected
using their growth rates, Then, considering the projected total foodgrain arca as a
ceiling, the individual crop/crop-group arcas are adjusted proportionately to give their
projected areas.

The Northern region foodgrain arca growth rate is constrained to (0.5 percent. Yield
growth rates are constrained to be nonnegative, and a ceiling ol 3.0 percent is also
applied on the growth rate. This proceduie affects yield growth rates in rice in the
Northern region, wheat in the Uttar Pradesh, Central, Western, and Scuthern regions,
and coarse grains in the Western region.

FFor he Eastern region, the yield growth rate is assumed to aceelerate to 2.5 percent
for rice and 2.0 pereent for foodgrains.,

The rice yield and production figures are in terms of milled rice.

Alternative projections for production were generated by two different methods.
First, the projection for production is done by aggregating all foodgrains in cach region
on the basis of area and yield (scenario 2). The second method projects production
based on arca and yield of foodgrains at the all-India level using the all-India arca and
yield growth rates (scenario 3).

Consumption Projection

Given the continuing differences between the Ministry of Agriculture’s per capita
availability data and the National Sample Survey Organization’s per capita consump-
tion data, and the need for maintaining comparability with the production data, the
projections use the ministry s availability data for the absolute quantities. But the ratios
and clasticities computed from the NSS data for 1977/78 are appiied for some of the
disaggregations and responses.

The starting points for the projections are the 1982-84 average per capita availabil-
ity levels for wheat, rice, coarse cereals, and pulses. These national-fevel figures are
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decomposed into rural and arban per capita availability/consumption levels by apply-
ing proportions caleulated from the 1977/78 NSS data and proportions of rural and
urban populations,

The projected income growth rate of 5.0 percent for the country for the Perspective
Plan given in the Seventh Five-Year Plan (india, Planning Commission 1885, vol. 1,
chap. 2) is used and is decomposed into 2.5 percent for rural (agriculture) and 6.0
percent for urban (nonagriculture) on the basis of the midpeint sectoral income shares
of agricalture and nonagriculture sectors projecied to the year 2000 in the Seventh
Five-Year Plan.

The first future scenario assumes the continuation of past per capita income growth
rates. The second future scenario assumes the income growth rates indicated in the
previous paragraph. The third scenario assumes an increase in income growth rates,
with the rural income growth rate rising to 3.0 pereent and the urban income growth
rate to 7.0 pereent, giving an overall income growtn rate of 5.7 percent. The fourth
scenario assumes a further acceleration of income growth rates to 3.5 percent for rural
and 8.0 pereent for urban, implying a growth rate of 7.0 percent for the economy.

Alternative scenaiios were also generated in relation to change in the income
distribution as follows (in percentages):

Base (1983) Projected (2000)
Rural 12/18/25/44 15/20/25/40
Urban L1/17724/48 15/20/25/40

Projections of Requirements for Seed,
Feed, Industrial Use, and Wastage

In deriving the estimates of net availability for human consumption from the
estimates of gross production of foodgrains, the Indian Ministrv of Agriculiure leducts
for sced. feed. and wastage an overall allowance of 12.5 percent from the gross
production. This consists of approximately 5.0 percent for seed, 5.0 percent for feed,
and 2.5 pereent for wastage. By crop. the overall aliowances are about 7.6 percent for
rice. 8.2 percent for wheat, and 12,5 porcent each for the totals of cereals and of pulses.
These aliowances have not been revised since the carly 1950s. With the iniroduction of
HYVs of cereals. the seed requirements as a nroportion of production may have
declined. On the other hand. the use of foodgrains in livestock feed may have in-
creased. No separate allowance is made “or industrial uses of foodgrains. With some
analysis based on these considerations. the National Commission on Agriculture ar-
rived at an overall allowance of 19.0 percent for seed. feed, industrial use, and wastage
for the year 2000 (India, Ministry of Agriculture 1976).

I spite of various recommendations by the National Commission on Agriculture
and other committees, these data have not heen updated. However, a recent survey in
Punjab, Haryana, and western Uttar Pradesh (Bansil 1989) concluded that in this region
the overall allowance for seed, feed, and wastage works out to about 10.0 percent. In a
recent study. Tyagi (1990) showed that as the seed rate is now much lower than before
and the allowance for feed and wastage remains unchanged, the actual per capita
availability in recent years may have been larger than is shown by the ministry's
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figures. There is, however, reason to believe that the requirements for feed, particutarly
in the poultry and dairy sectors, have increased, though the exact magnitude of thz
increase on an all-India basis is not known, Therefore the ministry’s figures on net
production and per capita availability have been directly utilized in the analysis of past
trends in this report. The following procedure has been adopted for future projections.

Seed

In the present study. the requirements of seeds have been estimated on the basis of
the projected arca under each crop, and the expected seed rates have been derived from
the National Commission on Agriculture report (India, Ministry of Agriculture 1976).
These work out as shown in Table 36, with a total seed requirement of 3 million tons.,

Feed

Between 1970/71 and 1984/85 the output of livestock products increased at an
average rate of 4.33 percent a year from 3.10 million tons to 5.61 million tons, as
expressed in livestock output units (Table 37). During this period, population increased

Table 36—Projected crop area and seed requirements for year 2060

Seed
Projected Requirement Total Seed
Crop Area per Hectare Requirement
{million (kilograms) (million
hectares) metric tons)
Paddy 41.88 30 0.84*
Wheat 32.42 75 2.43
Coarse grains 35.25 15 0.53
Pulses 2530 50 1.27
Total 134.85 S 5.07

Source: Based on data from India, Ministry of Agriculture, Directorate of Economics and Statistics, Report of the
National Commission on Agriculture, part 3 {Delhi: Controller of Publications, 1976).
*In terms of rice.

Table 37—Output of livestock products, 1970/71 and 1984/85

1970/71 1984/85
in Terms InTerms
Product Actual of LOU" Actual of LOU"®
{million metric tons)

Meat 0.69 0.69 1.19 1.19
Milk 21.71 2.17 38.80 3.48
Eggs 0.24 0.24 0.54 0.54
Total 3.10 5.61

Source: Based on data from India, Planning Commission, The Seventh Five-Year Plan: 1985-20(Dethi: Controller
of Publications, 1985}).

*LOU - livestock output units, obtained by adding output of meat, one-tenth of milk output, and the weight of

eggs estimated at 40 grams per egg.
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at a rate of 2.26 pereent, the per capita income increased at 1.56 percent, and the per
capita output of livestock products increased at 2.02 percent. The 1984/85 base-level
feed use of foodgrains is estimated at 11.22 million tons based on a feeding ratio of 2:1:
this amounts to 7.70 percent of the foodgrain production,

The feeding ratio (that is, the uantity of feed [foodgrains| required to produce one
unitof livestock products) is projected to increase from 2.00 in 1984/85 to 2.40 in 2000
(the current developing-country average), an annual increase of 1.21 percent given the
increasing demand. increased modernization of livestock production, and near exhaus-
tion of available crop residues. The mcome elasticity of Iivestock demand has been
assumed to be 0.9 based on Sarma (1986) and Paulino (1986). On the basis of the above
assumptions, feed requirements are expected to increase at 5.95 percent a year on the
assumptien that the entire demand for livestock products will be met from domestic
production, The relevant parameters are given below:

Growth in per capita income
assumed in the Perspective Plan,
1955-2000

3.10 percent/ycear;

Income elasticity of demand
for livestock products =(.9;

Rate of growth in per capita
demand for livestock products

2.79 percent/year;

Rate of growth in feeding ratio 1.21 percent/ycar:;

Population growth rate 1.84 percent/ycar; and

Rate of growth of feed use 5.95 percent/ycar,

On this basis the estimated demand for feed in 2000 works out to 26.69 million tons
under the Perspective Plan income growth rates. One advantage of this method is the
possibility of estimating feed use under alternative income growth assumptions. The
demand for feed works out 10 21.77 million tons under continuation of past income
growth, 29.14 million tons under the first accelerated growth rate scenario, and 34.50
million tons under the second accelerated growth rate scenario.™ Due to data limita-
tions, it was not possible to work out the effect of changes in income distribution on
the feed requirements,

Wastage and Industrial Use

A combined allowance of 12.5 million tons is made for wastage (7.5 million tons)
and industrial use (5.0 million tons) in 2000. This is close to the 8-9 million tons for

184 . . o .

The last two estimates assume rapid growth in livestock output 10 meet the increased demand under the
first and second aceelerated growth rate scenarios, I livestock production talls sho:t ol demand, the gap may
need 1o be met through import of these livestock products instead of feedgrains,
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wastage and 5 million tons for industrial use assumed by the National Commission on
Agriculture.

Overall Allowance

The overall requirements for sced, teed, industrial use, and wastage allowance
work out to 44.2 million tons or roughly 20.1 percent of gross production under the
scenario of Perspective Plan income growth rates. A breakdown of these requirements
by crop is given in Table 38, These estimates are comparable to the estimates of the
National Commission on Agriculture.

The projecttons reflect a substantial increase in the derived demand for feed,
assuming the rapid increase in the demand tor livestock products if per capita income
growth accelerates. A word of caution is, however, in order. In the absence of reliable
pase level data, the projections are rough estimates, and several of the allowances are
aot based on as firm a foundation as desirable. There is an urgent need for more studies
of what these requirenments are and how they are likely to change over time.

Table 38-—Requirements for seed, feed, industrial use, and wastage allowance
for year 2000, by crop

Total Require-
Industrial ments as Share
Useand Total Gross of Gross
Crop Seed Feed Wastage Requirements Production Production
{million metric tons}
Rice 0.84 6.09 5.00 11.93 84.72 14.09
Wheat 2.43 8.19 5.00 15.52 86.74 18.01
Coarse grains 0.53 11.79 1.62 13.94 34.47 40.44
Pulses 1.27 0.62 0.81 2.70 13.45 20.07
Total foodgrains 5.07 26.69 12.43 44,19 219.38 20.14
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THE PILOT FOOD PRICE SUBSIDY SCHEME IN THE PHILIPPINES: ITS IMPACT ON INCOME,
FOOD CONSUMPTION, AND NUTRITIONAL STATUS, August 1987, by Marito Garcia and Per
Pinstrup-Andersen

POPULATION POLICY AND INDIVIDUAL CHOICE: A THEORETICAL INVESTIGATION, June
1987, by Marc Nerlove, Assaf Razin, and Efraim Sadka

PRODUCTION INCENTIVES IN PHILIPPINE AGRICULTURE: FFFECTS OfF TRADE AND EX-
CHANGE RATE POLICIES, Hay 1987, by Romen M. Bautista

THE FOOD STAMP SCHEMFE IN SRI LANKA: COSTS, BENFFITS, AND OPTIONS FOR MODIFI-
CATION, March 1987, by Neville Edirisinghe

CEREAL FEED USE IN THE THIRD WORLD: PAST TRENDS AND PROJECTIONS TO 2000,
Dezember 1086, by ]. S. Sarma

THE FFFECTS OF TRADE AND EXCHANGE RATE POLICIES ON AGRICULTURE IN ZAIRE,
November 1986, by Tshikala B. Tshibaka

THE FITECTS OF TRADE AND EXCHANGE RATE POLICIES ON AGRICULTURE IN NIGERIA,
October 19806, by T. Ademola Oyejide

WEATHER AND GRAIN YIELDS IN THE SOVIET UNION, September 1986, by Padma Desai

REGIONAL COOPERATION TO IMPROVE FOOD SECURITY IN SOUTHERN AND FASTERN
AFRICAN COLNTRIES, July 1080, by Ulrich "ocster

FOOD IN THE THIRD WORLD: PAST TELINDS AND PROJECTIONS TO 2000, June 19806, by
Leonardo A, Paulino

DETERMINANTS OF AGRICULTURAL POIICIES IN THE UNITED STATES AND THE EUROPEAN
COMMUNITY, November 1985, by Michel Petit

GOVERNMENT EXPENDITURES ON AGRICULTURE AND AGRICULTURAL GROWTH IN [ATIN
AMERICA, October 1985, by Victor ). Elias

LIVESTOCK PRODUCTS IN THE THIRD WORLD: PAST TRENDS AND PROJECTIONS TO 1990
AND 2000, April 1985, by J. S. Sarma and Patrick Yeung

RURAL HOUSEHOLD USE OF SERVICES: A STUDY OF MIRYALGUDA TALUKA, INDIA, March
1985, by Sudhir Wanmali

EVOLVING FOOD GAPS IN THE MIDDLEE EAST/NORTH AIFRICA: PROSPEECTS AND POLICY
IMPLICATIONS, December 1984, by Nabil Khaldi

THE EFFECTS ON INCOME DISTRIBUTION AND NUTRITION OF ALTERNATIVE RICE PRICE
POLICIES IN THAILAND, November 1984, by Prasarn Trairatvorakul

THE EFFECTS OF THE EGYPTIAN FOOD RATION AND SUBSIDY SYSTEM ON INCOME DISTRI-
BUTION AND CONSUMPTION, July 1984, by Harold Alderman and Joachim von Braun

CONSTRAINTS ON KENYA'S FOOD AND BEVERAGE EXPORTS, April 1984, by Michael Schluter
CLOSING THE CEREALS GAP WITH TRADE AND FOOD AlD, January 1984, by Barbara Huddleston

THE [EFFIECTS OF FOCD PRICE AND SUBSIDY POLICIES ON EGYPTIAN AGRICULTURE,
November 1983, by Joachim von Braun and Hartwig de Haen

J. S. Sarma is an IFPRI research fellow emeritus. Vasant P. Gandhi
has been a research fellow at IFPRI since 1988.
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HORTICULTURAL EXPORTS OF DEVELOPING COUNTRIES: PAST PERFORMANCES, FUTURE
PROSPECTS, AND POLICY ISSUES, April 1990, by Nurul Islam

EFFECTS OF AGRICULTURAL COMMERCIALIZATION ON LAND TENURE, HOUSEHOLD RE-
SOURCE ALLOCATION, AND NUTRITION IN THE PHILIPPINES, January 1990, by Howarth
E. Bouis and Lawrence J. Haddad

THE EFFECTS OF SUGARCANE PRODUCTION ON FOOD SECURITY, HEALTH, AND NUTRI-
TION IN KENYA: A LONGITUDINAL ANALYSIS, December 1989, by Eileen Kennedy

THE DEMAND FOR PUBLIC STORAGL OF WHEAT IN PAKISTAN, December 1989, by Thomas C.
Pinckney

AGRICULTURE AND ECONOMIC GROWTH IN ARGENTINA, 1913-84, November 1989, by
Yair Mundlak, Domingo Cavallo, and Roberto Domenech

IRRIGATION TECHNOLOGY AND COMMERCIALIZATION OF RICE IN THE GAMBIA: EFFECTS
ON INCOME AND NUTRITION, August 1989, by Joachim von Braun, Detlev Puetz, and Patrick
Webb

FOOD PRODUCTION IN A LAND-SURPLUS, LABOR-SCARCE ECONOMY: THE 7AIRIAN BASIN,
June 1989, by Tshikala B. Tshihaka

NONTRADITIONAL EXPORT CROPS IN GUATEMALA: EFFECTS ON PRODUCTION, INCOME,
AND NUTRITION, May 1989, by Joachim von Braun, David Hotchkiss, and Maarten Immink

RICE PRICE FLUCTUATION AND AN APPROACH TO PRICE STABILIZATION IN BANGLADESH,
February 1989, by Raisuddin Ahmed and Andrew Bernard

STORAGE, TRADE, AND PRICE POLICY UNDER PRODUCTION INSTABILITY: MAIZE IN
KENYA, December 1988, by Thomas C. Pinckney

AGRICULTURFE IN THE GATT: AN ANALYSIS OF ALIERNATIVE APPROACHES TO REFORM,
November 1088, by Joachim Zietz and Alberto Valdés

CONSEQUENCES GF DEFORESTATION FOR WOMEN'S TIME ALLOCATION, AGRICULTURAL
PRODUCTION, AND NUTRITION IN HILL AREAS OF NEPAL, October 1988, by Shubh K.
Kumar and David Hotchkiss

COFFEE BOOM, GOVERNMENT EXPENDITURE, AND AGRICULTURAL PRICES: THE COLOM-
BIAN EXPERIFNCE, August 1988, by Jorge Garcia Garcia and Gabriel Montes Llamas

NATURE AND IMPACT OF THE GREEN REVOLUTION IN BANGILADESH, July 1988, by Mahabub
Hossain

THE BRAZILIAN WHEAT POLICY: ITS COSTS, BENEFITS, AND SFFECTS ON FOOD CONSUMP-
TION, May 1988, by Geraldo M. Calegar and G. Edward Schuh

CREDIT FOR ALLEVIATION OF RURAL POVERTY: THE GRAMEEN BANK IN BANGLADESH,
February 1988, by Mahabub Hossain

COOPERATIVE DAIRY DEVELOPMENT IN KARNATAKA, INDIA: AN ASSESSMENT, December
1987, by Harold Alderman
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