AGENCY FOR INTERNAT ONAL DEVELOPMENT FOR AID USE ONLY

WASHINGTON D C 20823

BIBLIOGRAPHIC INPUT SHEET

A PR MARY
1 susJECT | Agriculture AE10- 0000-G635
CLASSI-
B SECONDARY
FICATION Agracultural economics--Tndia

2. TITLE AND SUBTITLE
Estimates of change and causes of change in foodgrains production,India,1949-50 to

1960-61

3 AUTHOR(S)
Lele,U.J., Mellor,J.W.

4 DOCUMENT DATE 5 NUMBER OF PAGES 6 ARGC:NUMBER

1964 43p. ARC IN338,1731.L539
7 REFERENCE GRGANIZATION NAME AND ADDRESS

Cornell

8 SUPPLEMENTARY NOTES (Sponsoring Organixetion, Publishoers, Avallalility)
(In Cornell int.agr.development bul.,2)

9 ABSTRACT
10 CONTROL NUMBER ' 11 PRICE OF DOCUMENT
PN-RAA-~ 284

12 DESCRIPTORS r 13 PROJECT NUMBER
Estimates Variations

Grain crops ’ 14 CONTRAC™ NUMBER
India CSD~1438 Res.
Production 15 TYPE OF DOCUMENT

AID 890 1 (4=74)



’\\ 0 CORNELL INTERNATIONAL AGRICULTURAL DEVELOPMENT BULLETIN 2

L) ESTIMATES OF CHANGE
AND CAUSES OF CHANGE

IN FOODGRAINS PRODUCTION

INDIA, 1949-50 TO 1960-61

UMA J. LELE AND JOHN W. MELLOR

)
6‘1’

NEW YORK STATE COLLEGE OF AGRICULTURE, A CONTRACT COLLEGE
OF THE STATE UNIVERSITY AT CORNELL UNIVERSITY, ITHACA, NEW YORK



ACKNOWLEDGMENT

This research was accomplished as part of a cooperative agreement be-
tween the Department of Agricultural Economics, Cornell University and
the Regional Analysis Division, Economic Research Service, Umted States
Department of Agriculture Although the personnel of this Division were
most helpful in discharging the work under this project, che views ex-
pressed herein are those of the authors

Che authors also wish to acknowledge the cooperation given to us by
various stafl members at the National Council of Applied Ecsnomic Re-
search, particularly on the occasion of a visit to their offices in the summer
of 1962 Numerous other persons in India were of immense help to us
Particular mention should be given to Dr S C Chaudhn, Adviser, Di-
rectorate of Economics and Statistics, Mimmstry of, Food and Agriculture,
Government of India for his help in regard to statistical sources Colleagues
at Cornell have, of course, contributed substantially to the study Final
responsibility rests with the authors

Smgl.e‘capm free to ressdents of New York State, additional copies 35 cents each



CONTENTS
Page
INTRODUCTION 4

TRENDS FROM OFFICIAL ESTIMATES OF FOODGRAINS
PRODUCTION

Adjusted Estimates of Foodgrains Production
Trends i the Official Estimates of Production 8

ESTIMATE OF THE RATE OF CHANGE IN DEMAND
AND CONSUMPTION OF FOODGRAINS

The Rate of Increase in Demand for Foodgrains

The Rate of Increase in Consumption 14
The Rate of Increase in Domestic Foodgrains Production 17

THE AGGREGATE EFFECT OF INCREASED INPUTS
ON FOODGRAINS PRODUCTION 18
Increased Land Input 20
Increased Labor Input 22
Increased Inorganic Fertiizer Input 30
CONCLUSION 37



ESTIMATES OF CHANGE
AND CAUSES OF CHANGE
IN FOODGRAINS PRODUCTION
INDIA, 1949-50 TO 1960--61

UMA J LELE AND JOHN W, MELLOR

In agncultural development 1t 1s often difficult to identify the relevant
production influences, let alone to quantify therr influences sufficiently to
allow precise estimation of future changes in production or future nput
needs Under such circumstances, a clear understanding of past changes
assumes added significance

Estimates of the rate of change in foodgramns production in India from
1951 to 1961 provide a useful aid to estimation of future producticn increases
They also facihitate estimation of the effects of past programs for encouraging
increased production, and provide gurdelines to future development policy

The 1951 to 1961 period 15 of special importance because 1t 1s the period
of India’s first two Five Year Plans Foodgramns account for roughly three-
quarters of the gross area harvested n India and for two-thirds of the value
of all agncultural production

Estimating rates of change in agncultural production in India for the
First and Second Plan periods 1s particularly difficult because major changes
occurred during this time 1n both the reporting area and 1n the methods of
esimating yields In addition, erratic weather influences Indian agricultural
production As a result, the trend may be seriously biased by the occurrence
of a dieproportionate number of good or bad years at one end of a series
Thus effect may be particularly sigmificant if an estimate 1s made for a period
as short as 10 years

To enlarge the basis for a judgment concerning the trend foodgrains
production, this study presents estimates of the rate of change in foodgrains
production which are derived from three separate approaches 1) measure-
ment of trends in official estimates of foodgrains production, 2) estimation of
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changes in domestic consumption of foodgramns, and 3) estimation of
changes in major production inputs and of response coefficients in foodgrains
production The third approach also provides an estimate of the relative
importance of particular classes of inputs in achieving the estimated produc-
tion increase

Each of the three approaches requires the use of data which are not fully
rehable In addition, the data for the various approaches are at least in part
interrelated Nevertheless, this study does provide a basis for an improved
estimate of the trend 1n foodgrans production and 1t tests the mutual con-
sistency of particular sets of plausible assumptions regarding consumption,
production and production mputs

Considerable controversy exists concerning the absolute level of Indian
foodgrains production ! It must be emphasized, at the outset, that this study
does not jomn that controversy It merely attempts to arrive at the rate of
increase 1n production by using results obtained from different methods as
cross-checks The aim of the paper 1s to pont at the wide vanability 1n
absolute estimates underlying different rates of increase, and 1ts imphcations
1n formulating future targets

18ee for example the spirited debate concerning estimates of foodgrains production
denived from the National Sample Survey and from the official figures of production
of foodgrams, eg Government of India, Department of Economic Affarrs, National
Sample Survey General Report One, First Round, October, 1950-March, 1951, pp
77-78, Dandekar, VM, “On the National Sample Survey Estimates of Corsump
tion of Foodgrains in India", Indian Economic Journal, Vol 1, No 2, pp 153-166,
Sukhatme, PV, “National Sample Survey A Review,” Indian Economuc Journal,
Vol 1, No 3, pp 239-252



TRENDS FROM OFFICIAL FSTIMATES OF FOODGRAINS
PRODUCTION, 1949-50 to 1960-61

The ministry of Food and Agriculture, Government of India, publishes
unadjusted estimates of foodgramns production ? Because of changes m the
geographic area covered and in the method of estimating yields, an adjusted
set of estimates 15 also prepared and published * In addition, the Mimstry
publishes an index of foodgrains production that 1s based on the adjusted
estmates The basc for th= index 1s 1949-50 because 1t 15 vegarded as a more
nearly normal year than 1950-51 or 1951-52, 1949-50 price weights are
used 1 constructing the index Table 1 shows the three series for the years
1949-50 to 1960-61

Table 1 Official Estimates of Foodgrains Production, India, 1949-50 to 1960-61

Production
Year Unadjusted! Adjusted? Index of production?
(mulhions of long tons) (1940-50==100)

1949-50 54 58 100
50-51 50 52 20
51-52: 51 53 91
52-53 58 59 101
53-54 69 68 119
54-55 67 67 115
55-56 66 66 115
56-57 6’ 69 121
57-58 63 62 109
58-59* 75 75 130
‘59-60+ 75 75 127
60-611 79 79 135

Bource 1 Government of India = Bulletin on Food Statisties Ministry of Food and Agriculture,
August 1961 and preceding years
2 Qovernment of India  Agricultural Sifuation 1n India Ministry of Food and Agriculture
January 1962 and preceding years
* Partially revised
b estimates — subject to revision

Tk : official estimates of foodgramns production may present a biased trend
because of (1) error in the basic data and adjustments in the data, and (2)
unadjusted estimates are notably lower than the adjusted estimates The
next two sections will examine these 1ssues

3Foodgrans are defined to include cereals (rice, jowar, bajra, maize, ragi, small
mullets, wheat and barley), and pulses (gram, tur or arhar, and other pulses)
8 Agnicultural Situation n India, Vol XV, No 5, Aug 1960, p 675
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. Adjusted Eshmates of Foodgrains Production

Subsequent to 1951-52, the adjusted estimates of foodgamns production
differ very httle from the unadjusted estimates In 1949-50 and 1950-51 the
unadjusted estimates are notably lower than the adjusted estimates The
adjustments cover several potentally conflicting influences

Tradionally, Indian foodgrains production estimates covered the British
provinces and a few of the princely states With the merger of the princely
states into the Republic of India, the area covered by foodgrains statistics
was mncreased Most of the increase in area covered took place before the
beginning of the First Plan Area covered increased by 91 0 mullion acres in
1949-50 and by 22 0 million acres in 1950-51 ¢ Subsequent increases have
been relatively less sigmificant The requsite upward adjustment for the
earlier years 1s difficult to make, however, because the area to which
coverage was extended 1s generally regarded as providing lower yelds per
acre than the previously reported area How much lower these yields were
in the earher years 1s not precisely known

Before World War II, production estimates were the product of estimates
of acreage harvested and yields per acre Yields were either directly estimated
by local reporting authonties or were indirectly esimated by adjusting a
“normal” y:eld by a condition factor The condition factor was a subjective
adjustment that allowed for deviation of the actual yields from normal yields
because of weather and other natural factors

Following World War II, a gradual transition was made to estimating
yield by crop-cutting samples By 1958-59, nearly 90 percent of the official
statistics were based on the crop-cutting method ?

It 1s difficult to assess the effect on production estimates of shifting the
traditional method of data collection to the crop-cutting method Based on
the traditional method, yields were underestimated 1n some cases and over-
estimated 1n others® The adjusted figures represent an officially accepted
concensus as to the balance of the relevant factors

The difficulty of assessing the valhdity of these adjustments provides one
of the reasons why this study uses three largely independent methods for
esttmating trends in foodgrains production

+VKRYV Rao, “Agncultural Production and Productivity Dunng Plan Pertods,”
Indian Journal of Agricultural Economics, Vol XVII, No 1, Jan-March 1962,
page 10

85V G Panse and V S Menon “Index Numbers of Agricultural Production in
India," Agncultural Situation sn India, Vol XVI, No 5, Aug 1961, p 508,
table 1

¢S L Sharma “Progress in Agnicultural Production Mpyth or Reality?” Agricul-
sural Situation in India, Vol XVI, No 3, June 1961, p 258
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Trends in the Official Estmates of Production

The unadjusted data 1n table 1 give a compound rate of increase of 39
percent per year The adjusted data increase at the rate of 3 4 percent per
year as compared to 3 3 percent for the index of production The difference
between the rates of increase obtamned from adjusted estimates and the index
of adjusted estimates results from the weights used in constructing the index

The rate of increase in foodgrains production estimated from the re-
gression equations may be biased by the bunching of particular good or bad
years at one end of the period The effect can be seen in table 2, which shows
estimates of the rate of increase in production from the regression equations
and from compansons of selected ndividual years and sets of years

Table 2. Trends in Foodgrains Production Denved from Official Estimates of
Production, India, 1949-50 to 1960-61

Rate of increase

Techmque Years (Percent per year)
Regression analysis
Unadjusted estimates 1949-50 to 196061 39
Adjusted estimates 1949-50 to 1960-61 34
Index numbers 1949-50 to 1960-61 33

Companson of averages and
individual years, adjusted

estimates

Three year averages,

centered on 1950-51 and 1957-58 34
Five-year averages,

centered on 195152 and 195657 31
Indinidual years 1949-50 and 1958-59 29
Individual years 1950-51 and 1957-58 25

Source Computed from data in table 1

A rate of increase almost precisely the same as that from the regression
fitted to the adjusted eshmates comes from companson of three-year averages
centered on 1950-51 anc 1957-58 There appears to be a clear upward
bias 1n this estimate, however, because the average for the earher penod
includes two crop years generally coaceded to have been unfavorable, while
the average centered on 1957-58 includes only one unfavorable year The
same upward bias occurs i the companson of the two five-year penods
centered at 1951-52 and 1956-57 The rate of increase shown between
these two ponts 1s 3 1 percent

It 15 possible that a less biased estimate 15 obtained by companson of sets
of years judged to be comparable Comparison of the two good years 1949-50
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and 1958-59 provides an estimated rate of increase of 29 percent per year
Comparison of the two poor crop years of 1950-51 and 1957-58 prowides
an estimated rate of increase of 25 percent per year This rate 1s less than
three-quarters of the rate given by the regression equation fitted to the
adjusted data S

In the short period under consideration, the standard statistical techmques
used cannot adequately separate production fluctuations because of weather
from the underlying trend in production The evidence suggests that the
rate of imcrease in production estimated by the regression equation fitted to
the 1949-50 indices of production 13 biased upward by the occurrence of
relatively more favorable years at the end of the period as compared to the

beginning

ESTIMATE OF THE RATE OF CHANGE IN DEMAND
" AND CONSUMPTION OF FOODGRAINS

An alternative estimate of the rate of change 1n foodgrains production can
be made by estimating the rate of change in consumption and adjusting for
changes 1n imports and stocks In this study, the rate of increase in food-
gramns consumption 1s derived from estimates of the rate of increase in
foodgrains demand and foodgrans prices

The Rate of Increase in Demand for Foodgrains

The rate of increase in demand 1s expressed as a linear function of the
rate of growth of population and the rate of growth of per capita real
income

D=Po+Ey(Yo)
where D=rate of mncrease in demand for foodgramms per year
Po=rate of growth of popuauon per year
Ey=1ncome elasticity of demand for foodgrains
Yo=rate of increase in per capita real income per year
This study assumes constant income elasticities because the pertod under
consideration 1s short, and the level of consumption was low at the beginning
of the period In addition, it was preferred to err on the side of calculating
an upper hmt to the rate of increase in demand

Clearly, the usefulness of these calculations depends not only on the
appropniateness of the function used, but also on the accuracy of the esti-
mates of population growth, income growth and income elasticity of demand
Considerable uncertainty exists in regard to each of the estimates used

The estimate of population growth 1s probably more rehable than the
other two estimates However, there 1s certamnly sigmificant uncertainty re-
garding the accuracy of this figure as well This study uses a rate of popula-
tion growth of 19 percent per year denived by the National Council of
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Apphied Fconomic Research from the 1951 and 1961 censuses of India *

The rate of growth of per capita national ncome n India 1s of course
more chfficult to estimate than tne rate of growth of foodgramns production
alone Foodgrans constitute nearly one-third of India’s national mcome In
add.tion, many of the other components of Indian nation il income are also
the product of dispersed production systems whose output 1s exceedingly
difficult to estimate

According to the Third Five Year Plan, per capita real income imncreased
by 16 percent from 1951 to 19€1 ® Ths figure, which represents a compound
rate of increase of 15 percent pex ,2ar will be used m estimating the change
mn demand for food in this penod

If foodgramns production increasrd at a rate sigmificantly different from
official estimates, then 1t 15 hikely that per capita real income also changed
at a rate diflerent from the official esimates This follows from the great
umportance of toodgrains in Indian national income Despite this, the official
estimate 15 used as a first approximation, and to test the imphcations of choice
of that figure

Chouce of a figure for income elasticity of demand for foodgrains involves
a number of complications because of the nature of the figure itself and
because of the conflicting evidence that 1s available The succeeding dis-
cussion will deal with these problems at some length

Income Elasticity of Demand for Foodgramns

Foodgrains, as defined in Indian statistics, nrlude grams for both human
and ammal consumption Therefore, an est mate of the total effect of income
change on demand for foodgramns must consider both demand for direct
human consumption and the demand for feedgrains derived from increased
consumption of livestock products

Income Elasticity of Demand for Foodgrams for Human Consumption

The Food and Agriculture Organization of the United Nations, the Na-
tional Council of Applied Economic Research, and G S Madala have
published income elasticities of demand for foodgrans which are denved
from the National Sample Survey These figures are generally similar, with
an elasticity of about 03 to 04 for urban consumers and about 05 to 06
for rural consumers (table 3) Sigmificantly lower elasticities were calculated
by the National Council of Apphed Economic Research from a consumer
survey which they conducted m Apnl, 1960

? National Council of Applied Economic Research (NCAER), Long Term Projec-
tions of Demand for and Supply of Selected Agricultural Commodities, (New Delhs,
Apnl 1962), p 26

8 Third I'we Year Plan, Planning Commussion, Government of India, 1961 p 35
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Table 3 Comparison of Various Estimates of Income Elasticahes of Demand

for Foodgrains, India,
Sources "Urban ~ Rural
(Cereals, value)
FAO (NSS data)!
1951-53 027 058
1954-55 025 NA.
1956-57 023 0 57
Madala (NSS data)? 03¢t04 05t07
Foodgrains (Cercals and pulses, value)
NCAER (NSS data)? 028 052
NCAER (NCAER Survey data)? 017 030

Sources 1 Food and Agricultural Organization Agricultural Commodities Pra)edwu Jor 1970 (FAO
Commodity Review) 1002 Special Supplement Rome May 1062
G S Madala Demand for Foodgrains During the Third Five Yeur Plan' Indan
Journal of Agricultura. Econpmics Vol AV No 2 April-June 1960 p 72
NCAER Long Term Projections

Since 1950, the National Sample Survey of the Government of India has
conducted 2 series of niquines into patterns of consumer expenditure By
1960-61, 16 rounds had been conducted The information collected by the
Sample Survey has been used widely in studies of consumption and projec-
tions of future demand i India Since the National Sample Survey does
not providr data on household incomes, ™~ ome elasticities must be derived
from expenditure elasticities

Unlike most roun-s of the National Sample Survey, tre NCAER Survey
provided information on household income, quantities of purchases as well
as values and on individual commodities rather than categories of com-
modities However, the NCAER study was based on a very small sample
and covered only a single one-month penod

For the following reasons, the present study uses the mmcome elasticities
dentved from the National Sample Survey data

First, the present study estimates the rate of increase in demand during
the past decade The NSS estimates are based on a series of surveys made
throughout that period and give an average of the income elasticities for a
number of years as well as for different seasons This average 15 perhaps
more representative of the period studied than the NCAER figure, which 1s
based on a single short period Concerned with future projections, the
NCAER study correctly emphasizes data reflecting more recent economic
mfluences

Second, the NCAER survey 1s based on a very small sample, indeed, the
urban sample extended to only five towns
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Finally, the elasticity coefficients based on the household consumption
survey of the NCAER are not only low when compared with the NSS
estimates, but they are not consistent with their own estimates of past change
in consumption of foodgraiis 11 India unless 1t 1s assumea that the elastici-
ties are dropping shacply over tine !

A trend n the consumption of foodgrains has been estimated by the
NCAER for the penod '949-50 to 1950-60 These data provide a compound
rate of mcrease 1n consumptic1 of 29 percent per year To be consistent
wath the other assumpticns considered acceptable for this study, and with &
rate of increase i consumption of 29 percent per year, the income elasticity
of demand for foodgramns would have to be 67 or higher ® Thus, of course,
mcludes gram for livestoch consumption as w ell as human consureption Even
so, 1t 15 well above the NCAER's estimate from 1ts own data and 1s even
higher than the esimates from the NSS data

A weighted average of the rural anc wban mcom. 'asticity coefficients
calculated from NSS data by < 1e NCAER gies an all-India income elasticity
of demand for foodgrains for human consumption of 0477 ** Thus figure will
be used 1n this study

This efasticity appears to be lower than that for comparable incomne
groups m Japan and for low-izcome workers 1n Afrcan cities **

9 If the rate of increase in consumption (C) 18 a hnear function of the rate of popu-
lation growth, rate of growth of per capita real income and the rate of change n
prices, 1t can be expressed symbohcally as follows

Cc

- Py + E Y, + EP,

Where P, = rate of growth of population
Y, = rate of growth of per capita real income
P, = rate of change in the deflated price index
E, = income elasticaty of demand for foodgrains
E, = pnce elasticity of demand for foodgrans

IC = 29,P,=19, Y, =15

then, 29 = 19 + E, 15 + E P,
10 = E;P, + E 15
E, = 067 — 067E,P,

Since the,ralc of change mn P, 15 positive (see p 15), and since Ep 1s negatve,
the above relationship suggests that Ey has to be equal to or greater than 067
depending on the magnitude of Ep and P,

10 The elastictties actually used by the NCAER 1n their projections were apparently
arbitranly determined and he roughly half way between thc estimates they made
from the NSS rarvey data and those made from therr own data NCAER, Long
Term Projections of Demand for and Supply of Selected Agnicultural Commodities
(New Delly, 1962), p 85 rable 19

11 Demand Analysis of Food, Mamstry of Agnculture and Forestry, Government of
Japan (March 1960) M Kaneda ard B Johnston, “Urban Food Expenditure Pat-
terns in Tropical Africa,” Food Research Institute Studies, Stanford Univ, Vol 11,
No 8, Nov 1961, pp 229 275
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If this elasticity 1s taken as essentially a quantity elasticity, 1t 1n effect
implies a substantial positive income elasticity for calones 12

The Demand for Feedgramns and a Weighted' Income Elasticaty of Deziand
for Foodgrains

The pceceding income elasticity estimate refers to the effect of increased
per capita income on the demand for foodgrains for direct human consump-
tion Increased per capita incomes alst induce increased consumption of live-
stock products, which, 1n turn, creates a demand for gran for hvestock
feed In India, milk 1s the lvestock product most used for human con-
sumption

To allow for the effect of increased use of foodgrains for hivestock feed,
the following assumptions were made

(1) That mulk 15 representative, for these purposes, of all livestock prod-
ucts in India

(2) That the income elasticity of demand for milk 1s 1 5, as denved from
Nation Sample Survey data, and that 15 also represents the derived income
elasticity of demand for grain for hvestock feed 13

(3) That 2% percent of foodgrain production 1s used to produce livestock
products for human consumption

12 There 13, of course, considerable disagreement as to whether or not people in low
mcome countries experience a contitnuing defictency in calories For discu.<sion of
this point, see M K Bennett, The World’s Food, (New York Harper & Bros,
1954) P V Sukhatme, “Food and Nutrition Situation 1 India,” Indian Journal of
Agricultural Economics, Vol XVII, No 2, Apnl-June 1962, p). 1 28 V G Panse,
“Food Availability and Requirements for India,” Agricultural Situation n 1idia,
Vol XVI, No 6, Nov Dec 1961, pp 821 27

13 For a fuller discussion of this, see de Ponteves, B C, Alternatiwe Projections of the
Supply and Demand for Milk i India and Their Influence on Demaad for Con-
centrate Feed, 1951-1976 Unpublished M'S Thesis (Cornell University, 1963)
There 1s some reason to think that a more than proportionate increase in feed use
will occur as milk production increases If such is the case, then the demand esti-
mates made on the assumption of the same elasticity for feadgrains as for milk wall
understate the elasucity for feedgrains

14 Thus 1s the propurtion of the value of all foodgrams which the National Income
Committee estimate uses for livestock Their estimate includes work stock as
well Cited by R S Snvastava, Agricultural Marketing 1n India and Abroad
(Bombay, Vora & Co, 1960), p 40 Panse considers this a great underestimate
(See V G Panse, 0p cit, p 824) For a full discussion of this matter, see Pon-
teves, op cit
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With these assumptions, a weighted average mcome elasticity of demand
for foodgrans was computed This figure of 050 1s used as the income
elasticity of demand for foodgrams for the purposes of estimating changes
mn demand from 1951 to 1961 Although presumably dermved n a some-
what different manner, 1t 1s interesting to note that this 1s the same figure
which FAO used as the quantity income elasticity for cereals for all India
mn their projection Their estimate 1s said to be discounted for the effect
on the quantity demanded of both substitution of better qualty and of
urbanization 13

The Rate of Increase in Demand for Foodgrans

Given the preceding assumptions, the rate of increase in demand for food-
gramns 15 estimated as
D=P+E Y
where D = rate of increase in demand
Py = rate of increase in population
Yo = rate of increase 1n per capita real income
Ey = mcome elasticity of demand for foodgrarns
therefore, D = 19 4+ 050 X 15=265 ,

The Rate of Increase in Consumption

Given the rate of increase in demand for foodgrains, the rate of increase
n consumption can be estimated if the rate of change in foodgramns prices
and the price elasticity of demand for foodgrans are known

Rate of Change in Foodgrain Prices

Indian agnicultural prices m the period 1950-51 to 1960-61 were charac-
terized by a major decline from 1952-53 to 1955-56 and then a long re-
covery to a level in 1958-59 somewhat higher than the level in 1952-53

Table 4 depicts the wholesale price indices for cereals, pulses, and all
foodgrains and a deflated price index for all foodgrains The annual figures
are an average of the monthly indices of wholesale prices of foodgrains
Wholesale prices are used because a national retail price index was not
avallable Th. index for all foodgrains 1s a weighted average of the series
for pulses andi cereals The weights used are those in the All-India Wholesale
Price Index

A deflator for the all foodgrans price ndex was denived by dividing na-
tional income in current prices by national mncome in 194849 prices This

18 See Food and Agricultural Orgamization, Agricultural Commodities Projections
fer 1970 (FAO) Commodity Review 1962, Special Supplement, Rome, May 1962
1
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deflator was then converted to a 1952-53 base, since the price index was on
a 1952-53 base

A regression equation fitted to the deflated index for the years 1950-51
to 1959-60 shows a rate of increase of prices of footlgramns of 04 percent
per year Inclusion of 1949-50 and 1960-61 would 1n net provide somewhat
greater rate of increase 1n foodgramn prices Foodgrain prices in 1960-61
were lhittle changed from 1959-60 while foodgrain prices in 1949-50 were
significantly lower than in 1950-51 8

For this study 04 1s assumed to represent the trend in foodgrains prices
m the penod under consideration The length of penod considered
relative to the size of annual fluctuations n foodgrams prices clearly indi-
cates that there may be substantial error 1n this eshmate Later calculations
mmplicitly assume that prices of livestock products increased at the same
rate There 15 no rehiable evidence concerning the trend 1n lhivestoch product
prices

18 An index Jor 1949-50 on the base 1952-53 was not available and hence could not
be used However, the index number of wholesale prices on the base 1939 indicates
that the cereals component of the index was 457 4 1n 1949-50 It reached a level
of 483 1n 1950-51 The general index was 385 4 in 1949-50 and increased to 409 8
in 1950-51

Table 4 Wholesale Price Index Cereals, Pulses, and all Foodgrans, India,
1950-51 to 1960-61
(Base 1952-53 = 100)

All Deflated index
Year Cereals Pulses Joodgrains  for all foodgrains®
1950-51% 95 92 94 91
51-52 —_ — —_ 95¢
52-53 100 100 100 100
55-54 98 91 97 9
54~55 80 59 76 85
55-56 76 62 73 80
56-57 96 81 93 94
57-58 101 82 97 97
58-59 107 104 106 102
59-60 104 94 102 97
60-61 104 93 102 —_

Source Report on Currency and Finance, Reserve Bank of India various y;tn
ll’ E.etrlived.ud See text for method of derivation. R
maf
o Indices for 1951-52 were not available Therelore, the deflated index for all foodgraine for the year
was interpolated
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Price —lilaSucxty of Demand

No estimates of the price elasticity of demand for foodgramns as a whole
are available for India Estimates by the National Council of Apphed Eco-
nomic Research for rice and wheat alone could not be nsed as an estimate
of price elasticity of demand for foodgrains as a whole ¥

Fortunately, theory relating to consumer demand provides helpful hmuts
to esimates of the elasticity coefficient The Slutsky-Schultz relation 1s
of particular help in this regard A mathematical proof 1s provided by Wold
for the theorem, which states that “the income elasticity equals the sum of
price and cross elasticities for the individual demand of any commodity 18
This holds only n the case of an mdividual consumer It does not apply to
an aggregative market analysis where different rates of increase in incomes
are experienced Frisch infers relations for the total market from relations
apphcable to a “representative consumer,” thus avoiding the problem of
aggregation

Although the sum of cross elasticities of demand for foodgrans in a low
income country may be quite low 1t seems very unlkely that 1t would be
negative Hence, the price elasticity of demand 1s likely to be about the same
or somewhat larger than the income elasticity For the purposes of later
calculations 1t will be assumed that the price elasticity 1s — 050, which 1s
the same as the income elasticity assumed but with the sign reversed This
assumption imphes that there are not close substitutes for foodgrains with-
mn the context of the Indian economy If there are close substitutes, the
price elasticity can be expected to be larger than the income elasticity, with
sign reversed *°

Rate of Increase m Consumption

With these assumptions, we can calculate the rate of increase in con-
sumption, as follows
=P+ Ex. Y+ Ep P
where P, = rate of growth of population
Y = rate of growth of per capita real income
Ey = mncome elasticity of demand

1T NCAER, op cit, p 80, Table 15 Pnce elasticity of demand for rice and wheat
are estimated to be — 19 and ~ 73, respectively

18 Wold and Jureen, Demand Analysis (New York Wiley & Sons, 1953, p 111
Frisch has summanized the above theorer in his article, “A Complete Scheme for
Computing all Direct and Cross elasticities 1n a Model with many Sectors,”
Econometnica, Vol XXVII, No 2, May August 1959, pp 177-196

19 For further discussion of this point see Agricultural Commodities Projections for
1970, FAO Commodity Review 1962, Special Supplement, Rome, p A-21
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P; = rate of change in prices
Ep = pnce of elasticity of demand
Py has been estimated as 19 percent per year, Y as 15 percent per year,
Ey 25 050, P, as 0 4 percent per year, and Ep as - 0 50
Therefore, C =19 + 15 (50) + (04) (-050) = 245
Consumption of foodgrans in India in the period 1951-61 1s therefore
estimated to have increased at the rate of 2 45 percent per year

The Rate of Increase in Domestic Foodgrains Production

Given the rate of increase in consumption of foodgrains, the rate of n-
crease in domestic production can be estimated by adjusting for imports and
change 1n stocks

Imports of Foodgrans

Table 5 shows imaports of foodgramns into India for the period 1949-50
through 1960-61 A regression equation fitted to the import data shows an
msignificant rate of change n 1mports of -~ 01 percent per year As the
table makes clear, imports have reduced fluctuations 1n the supply of food-
grains, but do not show an upward trend in this period It can also be seen
that imports are a small percentage of total foodgrains

Table 5 Imports and Production of Foodgrams, India, 1949-50 to 1960-61

Imports as per-

Imports plus  cent of smports

Year Imporist Production* production Dlus production
(mullsons of long tons)

1949-50 37 57 6 61 3 6
50-51 22 52 2 545 4
51-52 48 527 575 8
52-53 3.9 58 6 62 5 6
53-54 20 68 6 707 3
54-55 08 67 2 68 0 1
55-56 07 65 8 66 5 1
56-57 14 68 8 70 2 2
57-58 36 62 4 66 0 5
58-59 31 745 78 6 4
59-60 38 747 78 5 5
60-61 NA 793 — -

8ot 1 NCAER, Long-Term Projecti: D d d S Selected ural
uree CAER. Le Nz-' mm % o ‘);ml of Demand for and Supply of Agricult Com
2  Agricultural Suuation 1n India, Ministry of Food and Agriculture (adjusted estimates)
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Changes n Stocks of Foodgrans

Few statistics are available on stocks of foudgramns Although stochs of
foodgramns presumably vary from one yeat to another, there 1s no evidence of
a trend 1n stocks during the period under consideration

Rate of Increase in Domestic Foodgramn Production

With no trend 1n either imports or stocks, 1t can be assumed that domes-
tic production has mncreased at the same rate as domestic consumption Thus,
we have an estimate that domestic production has increased at the rate of
2 45 percent per year during the period from 1951 to 1961 This 15 the same
esumate derived from taking the trend as shown by the official production
estimnates for the two poor years of 1950-51 and 1957-58

In mahing this esimate of the rate of change n consumption a number
of major judgments were nvolved The two most hkely sources of error
tend to give an inflated rate of change

First, the rate of increase n per capita ncome may have been over-
esimated This 1s particularly hkely because foodgrains contribute about a
third of the national mncome Presumably, the national income figure used
assumes a rate of increase i foodgrains production of the order of 33 per-
cent per year A lower estimate for foodgramns would, therefore, lower the
national income estmate On the other hand, the difficulties of complete
accounting for growth mn parts of the non-agricultural sector, such as small
industry, should not be 1gnored as possible causes for understating growth
in national mcome

Second, 1t 15 likely that estmating the price elasticity of demand at 0 5
places 1t too low Ths figure assumes that the sum of the cross-elasticities 1s
zero, which 1s an unlikely assumption even in a low-income society

In the judgment of the authors, the likelihood of counterbalancing fac-
tors causing an underestimation of growth in consumption appears shght
Thus, the esimate of a 2 45 percent rate of growth of consumption 1s more
likely an overestimate than an underestimate

THE AGGREGATE EFFECT OF INCREASED INPUTS
ON FOODGRAINS PRODUCTION

A third estimate of the increase m foodgramns production can be made
by estunating the increase 1n key production inputs or sets of mputs and
attaching to them a set of independently derived response coefficients

Four sets of inputs are both measurable and important They are in-
gated land, umirngated land, labor, and norganic ferulizer All other mputs
are assumed to change proportionately with these four mnputs and their
effect to be reflected with respective response coefficients
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The response coefficients were estimated from various contemporary
sources mncluding data from farm surveys and experiment stations It would
have been useful to have also derived the response coefficients from multiple
regression analysis of time series data regarding input quantities and output
However, the nature of the input data did not lend itself to this approach

Inputs of actual or potertial importance which are not separately meas-
ured are amimal power, tools and implements, improved seeds, manures and
other organic fertilizers, and improvement 1n the qualitative aspect of labor
such as might anse from the community development and extension pro-
gram

Amimal power plays an important part in Indian agnculture However,
the meagerness of the data on the cattle population and on the actual work
done by ammals did not permut 1ts inclusion as a separate nput category
It 18 probably reasonable to assume that the use of ammal power has in-
creased in proportion to the land input

Farm tools and implements are also considered to increase apace with
mcrease in land area More error would be nvolved n this assumption if
major improvements had occurred in tools and implements In this con-
nection, the Ford Foundation Team observed that though impressine exam-
ples of the effectiveness of improved tools and mechamzation are observed
throughout India, “for the masses of cultivators, very httle change has
occurred "2°

Improved seeds offer substantial scope for increasing agnicultural pro-
duction It 15, however, difficult to appraise the accuracy of available statis-
tics on the spread and effectiveness of improved seeds during the first two
Plan periods In addition, there are logical reasons to expect the use of 1m-
proved seeds to be closely associated with the use of inorgamc fertilizers
For this reason, the impact of improved seeds 1s assumed to be proportionate
to the increase n mnorganic fertihzers The available data on improved seeds
will be examined 1n the section dealing with morganic fertihzers

Manures and other organic fertihzers are also often depicted as a poten-
tially major source of pruduction increase What meager data are available
suggest that their present contribution 1s msigmificant One estumate places
the total nitrogen from all types of manure used 1n 1960-61 as 16,000 tons =
Agam, 1t 15 assumed that the effect of such inputs 1s included in the land
mput,

Improvement in the quality of labor of course can not be measured by
usual techmques For this study, such improvement must be considered
either proportionate to the use of mnorganic fertilizer, which 13 probably a

20Ford Foundation Team, Report on India’s Food Crisis and Steps to Meet It, Gov-
ernment of India, 1959, p 235
2L NCAER, op cit, p 123
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technically logical assumption, or proportionate to the land mput, and 1ts
coefficient included with one or the other of these An alternative assumption
18 that programs of qualitative improvement i the work force have not as
yet had significant effect ]

It 1s clear that a truly heroic set of assumptions are made in these esti-
mates of the effect on production of mncreased input The value of these
estimates may lie more m indicating the implhications of particular sets of
assumptions about these matters than mn providing an esumate of actual
production increase

Increased Land Input

Estimating the Acreage of Land Input

The Ministry of Food and Agriculture provides statistics regarding the
total land area under foodgrams and the imgated area under foodgraimns
Since data for the irrigated area under foodgrains were available only up
to 1956-57, data for the later years were projected from the trend for the
period 1949-50 to 1956-57 The unirngated area under foodgrains 1s de-
rived as the difference between the total area and the irngated area These
data are shown in table 6

Table 6 Gross Area Under Foodgrams, India, 1949-50 to 1960-61

Unirngated Irngated
Year area® area Total area
(mllsons of acres)

1949-50 201 44 245
50-51 195 45 240
51-52 194 46 240
52-53 205 47 252
53-54 220 49 269
54-55 215 52 267
55-56 223 50 273
5657 225 50 275
57-58 216 51® 267
58-59 227 53b 280+
59-60 228 54b ‘282
60-61 224 55b - 2794

Source Directorate of Economics and Statiatics, Ministry of Food and Agricultuse, Government of

ndia
a Derived from estimates of total area and irrigated area
b Extrapolated

o P:rthm revised subject to revision

d Final estimates subject to revision
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Estimating the Response Coefficient for Land Input

In estimating the effect on production of mcreased land under foodgrains,
the assumption 15 made that the added irngated and unirngated land will
have the same average yield as the wngated and umirngated land under
foodgrains i the period 1949-50 A number of complex factors are of
course at work On the one hand, 1t might be assumed that the added land
would be less productive than the average of that previously cultivated On
the other hand, the added land might represent land made available through
new irngation and reclamation technology, which 1s of higher average
productivity With no basis for choosing 1n this matter, a constant rate of
productivity was assumed

For estimating response coefficients, 1949-50 s taken as the base year
because 1t was a relatively normal year in regard to weather, and because
1t 13 a representative year in regard to geographical coverage of crop esti-
mates Seventy-two percent of the post independence increase mn the re-
porting area had taken place by that time

The response coefficient for increased land mnput 1s estinated by dividing
total production of foodgrains in the base year by the acreage in that year
Because available statistics do not divide production according to irrigated
and umirngated land, an estimate of the difference 1n yields on ingated and
umirnigated land was made After examining a number of figures, a 30 per-
cent higher foodgrain yield on irngated land was settled upon

The NCAER, after careful examination of a number of sources, estimated
that, on the average, irngation caused a 30 percent increase n yield per
acre for rice, and 20 percent for wheat-? In contrast, the Ford Team esti-
mnated an increase of 0 20 to 0 25 tons of gran per acre on ingated land, as
compared to unirngated land -3
The Ford figure represents a yield on irnigated land nearly twice the over-
all average yield of foodgrains in India This estimate probably represents
the effect not only of irngation but of a large number of ancillary tech-
nological changes as well It is unlikely that these changes were important
mn the 1951-61 period

Unpublished survey data from a number of areas suggest yields on 1rn-
gated acreage ranging from 15 to 60 percent higher than on umrnigated land
In the face of this evidence, the figure of 30 percent was arbitranly settled
upon as representing the increment 1n yrelds to be expected from irngated as

22NCAER, op ct,p 242, Table A-71
23 The Ford Team, op cit, p 47
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compared to umrnigated land Thys, response coefficients per acre of irmi-
gated and umirngated land were derived as follows

Total Production in 1949-50
= (Unirngated Land X Response Coefficient)
+ (Imngated Land X Response Coefficient)

1e, 5760 = (201062x) + (44268 X 13x)
= 2586104x
x = 02227
13x = 02895

Using the acreage figures shown in table 6, and a response coefficient of
02227 tons per acre for each acre of umrngated land and 02895 tons per
acre of irngated land, total production from land was calculated and 1s
presented in table 7 These figures represent the response due to land and the
complement of labor and other resources existing in the 1949-50 period
The effect of a disproportionate increase 1n labor, morganic fertilizers, and
associated inputs 13 considered tn succeeding sections

Table 7. Foodgrains Production Attributed to Land Input and Associated
Factors, India, 1949-50 to 1960-61

4

Cumulative increase over

Total Production 1949-50
Imgated Unirnigated Irngated Unirnigated
Year Land Land Land Land
(mulhions of long tons)

1949-50 12 8 4 8 00 00
50-51 13 1 435 03 -13
51-52 133 431 05 -16
52-53 136 45 7 08 10
53-54 14 2 49 1 14 43
54-55 150 47 8 22 ;30
55-56 147 49 6 18 48
56~57 146 50 1 18 53
57-58 150 48 0 22 33
58-59 15 3 50 5 25 58
59-60 157 50 7 28 60
60-61 16 0 499 32 55




Increased Labor Input

The previous estimate of increased output ascribed to increased land
mput included the effect of a proportionate increase in labor and other in-
puts An estimate will now be developed for the effect of an increase in
labor mput per acre of wrngated and unirrigated land, first eshmating the
quantity of labor used, and then estimating a response coefficient to apply
to that labor mput

An Estimate of Increased Labor Use Per Acre

The estimate of the increase in labor use per acre requires four steps
estimation of the total agncultural labor force, estimation of the proportion
of the agnicultural labor force actually used in productive processes, division
of the labor actually used into that part used on foodgrains and that part
used on other agncultural production, and finally a division of the labor
used on foodgrains into a) an increase proportionate to the increase in -
gated and unirngated land, and b) additional labor per acre

The Total Agncultural Labor Force

Estimates of the agricultural labor force used mn this study are derived
directly from figures for total population, the proportion of the population
which 1s rural, and the proportion of the total rural population which con-
stitutes the agricultural labor force The total population figures were taken
from the population censuses of 1951 and 1961 *

According to the censuses, the proportion of population in agnculture
remamed at 70 percent during the last decade The worhing force n agn-
culture was estinated to be 40 percent of the total rural population by the
1951 census of India It 15 assumed that this proportion did not change
from 1951 to 1961 On this basis, the labor force in agriculture was cal-
culated as 98 mullion 1n 1951 and 123 mullion 1n 1961 From these estimates,
the labor force in agniculture was estimated for each year from 1949-50 to
1960-61 assuming a constant rate of growth for the whole period (table 8)

Agricultural Labor Actually Used

Because of the response coefficient to be used, it 1s necessary to exclude
from total agnicultural labor that part not actually used in production The
vanous farm management studies conducted by the Ministry of Food and

26 Census of India, 1951, Vol I, Part I B, Appendices (Delhy, 1955), pp 234-235,
as quoted n Studies in Indwan Agricultural Economics, The Indian Society of
Agncultural Economics (Bombay, 1958), p 226, and G Parthasarthy, “Manpower
Utihization within Agnculture,” A I C C Economic Review, Vol XIII, Nos 14-16,
January 4, 1962, p 31
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Agniculture provide data from which such a computation can be made **

Using the data from those studies, D Etherington has made labor use esti-
mates for five different states of India for 1954-55 % These labor use
estimates varied frcm 08 to 2 3 months of labor. per acre, one month being
equal to 30 eight hour days A weighted average of these estimates was taken
using gross land under cultivation in 1954-55 in these five states as the
weights The weighted average obtained was 1 53 months per acre This co-
efficient was multiphed by the gross land under cultivation to estimate the
total labor use i agriculture Division of this coefficient by she total persons
i the agricultural labor force provides an average of shghtly over five
months of labor per person

Statistics ¢n the aggregate use of agricultural labor were not available
from any other source and could not be used as a cross-check Agricultural
Wages in India, published by the Minstry of Food and Agnculture, gives
normal daily working hours along with the wage rates Dailv working hours
average eight, however, they vary not only from place to place and month
to month, but also from crop to crop Also, the data do not give the actual
amount of labor used per day, and hence cannot be used to check the
validity of the above estimates of labor use per person Likewise, these data
do not give the average days worked per month or months worked per year

No information was available on changes in the patterns of work schedule
of the rural population for the period under consideration It was, there-
fore, assumed that labor use per person for the period under consderation
remained the same as in 1954-55, and that the increase in the total labor
mput was directly related to increases in population

The average labor use per person, and the labor force in agnculture dur-
mng the period 1949-50 to 1960-61 were used to denve the total labor use
mm agriculture

The Agnicultural Labor Force Used on Foodgrains

In allocating a portion of total labor use to production of foodgrains,
it was assumed that the ratio of labor use in foodgrains to tval labor use

23 Studies sn the Economics of Farm Management in Punjab, Department of Agricul-
ture, Government of India (Albion Press, 1958)
Studies in the Economics of Farm Management in Bombay, Department of Agncul-
ture, Government of India (Albion Press, 1958)
Studies sn the Economics of Farm Management in Madras, Department of Agricul-
ture, Government of India (Albion Press, 1958)
Studies in the Economics of Farm Management in Uttar Pradesh, Department of
Agniculture, Government of India (Albion Press, 1958)
Stucies in the Econorics of Farm Management in West Bengal, Department of
Agnculture, Government of India (Albion Press, 1958)

28D Ethenngton, op cit
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18 the same as the ratio of land under foodgrains to total land under cultiva-

tion.
Table 8 shows the various estimates regarding labor input

Table 8, Estimated Labor Use mn the Production of Foi»dgrams, India,
1949-50 to 1960-61

Total agricultural Labor use n Labor use 1n
Year labor force agriculture Joodgrains
(mullsons of persons) (millions of man-months)
1949~-50 96 479 366
50-51 98 490 362
51-52 100 501 365
52-53 ™ 103 513 380
53-54 105 524 402
54-55 107 536 402
55-56 110 548 413
5657 112 561 418
57-58 115 574 429
58-59 117 587 441
59-60 120 600 448
60-61 123 614 458

Increased Labor Use Per Acre

The ncrease 1n labor use per acre 1s computed as a residual, after labor
required for an increase proportionate to acreage 1s subtracted from total
available labor For this purpose, labor used per acre 1n the base year 1949~
50 1s taken as the standard For each successive year, the increase 1n acreage
1s multiphed by a standard labor requirement per acre to estimate the total
labor required for a proportionate increase in land Since irngated land re-
quires a greater labor mput than umirngated land, a division of the labor
mput according to irngated and umirnigated land has been made.

The amount of additional labor used on irrigated land varies according
to the type of crops as well as according to the type of irngation. The Farm
Management Study for the Punjab observes that the “use of human labor
on unurigated crops per acre 1s roughly half of that on wrigated crops '’
In Bombay state, labor per acre on irngated land 1s reported to be 50 percent
higher than that on unirngated land *®

37 Studies 1n the Economics of Farm Management in Punjab, Department of Agricul-
ture, Government of India (Delh: Albion Press, 1958), p 77

38 Studies in the Economics of Farm Management stn Bombay, Department of Agrnicul-
ture, Government of India (Delln Albion Press, 1958), p 22
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Only'the Farm Managemcnt Studies for Madras estimated the additional
labor apphed to 1rngated land according to diffecent crops ** Data were pre-
sented only for rice, bajra, jowar, and ragi These four crops constituted 63
percent of the total foodgramns production 1n India an 1943-30

For lack of additional information, an esumate of the additional labor
required per wngated acre was taken as an average of these data from
Madras state, weighted by the percent contributed by these four crops to the
total production of foodgrains in India in 1949-50

Table 9 shows the amount of additional labor input on 1rngated land 1n
the Madras study area and the production of the above four crops as per-
centages of the total production of foodgrans in 1949-50 The weighted
average computed from these data states labor mput per acre on ingated
land to be approximately 40 percent higher than that on umirngated land

Table @ Increase m Labor on Irngated Land as Percent of Labor on Unirngated
Land for Various Crops, India

Additional labor on
Crop imgated land® Weights®
(Percent)
Rice 45 43
Jowar 25 1
Bajra 2 6
Rag 31 3
Weighted average 39

a For I:ihdmAgﬂ ula‘o -hoi%n 53" Studies wn the Economics of Farm Management in Madras, Ministry of Food
1 culture

b Weights represent total production of the crop as a percent of total foodgrains production for 1940~
80 for all of India

Classification of total land under foodgrains into irnigated and unirngated
land was available for the year 1949-50

Labor per acre on umingated and ingated land was determined as
follows
Total Labor Flow = (Umrngated Land X Labor per Acre)
+ (Irmgated Land X 14 Labor per Acre)
(202 309-) + (43021 X 142)
1 39 months
165 months

1e, 3658107
z

14z

29 Studies 1n the Economtcs of Farm Management tn Madras, Munustry of Food and
Agniculture, Government of India, (Delh:  Albion Press, 1958), p 127 Table 10A
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Using these coefficients and the year-to-year changes in acreages, the total
estimated labor force 1s allocated among labor on unirngated land, labor on
umngated land, and a residual stated as increased labor per acre Table 10
shows these data on an aggregate basis Table 11 shows increments in labor
used over the base year '

It 13 interesting to note that with the assumptions made, in the period
1949-50 to 1960-61, 60 percent of the mcrease in estimated labor use was
absorbed through increased acreage, leaving 40 percent of the increment
either unemp'eyed or contributing to intensification of production through
more labor mput per acre of land Up to 1957-58 increased acreage ab-
sorbed essentially all of the increased labor input It should be remembered
that 1t 1s assumed 1n estimating labor availabihity that the propertion of man-
time available for work did not change during the period

Estimating the Response Coefficient for Labor Input

The estimate of production 1n this section takes 1949-50 as a base, with 1ts
gven set of mnputs Thus, separation of the labor and land mput for that
year 15 not of concern Likewise, the assumptions concerning the effect on
production of more land implcitly include the contribution of a propor-
tionate increase n labor

A response coefficient 15 needed for that part of labor input which repre-
sents an mcrease in labor use per acre of land

For the purposes of this exercise, 1t 1s assumed that the productiity of the
labor increment during the 1951-61 period 1s represented by the average
wages of field laborers in the year 1951-52 It 1s imphait in this assumption
that the marginal productiity of agricultural labor was constant for the
segment represented by the increased nput over this period The implica-
tions of this assumption will be seen 1n later presentations

It 15 commonly argued that the marginal productivity of agricultural
labor in India 1s zero *® Attaching a zero margmal product coefficient to
labor representing intensification of production has the same effect as as-
sumung no increase in the intensity of labor input Hence, the imphcations
of such an assumption can be readily seen in summary tables 16 and 17 by
deleting the response from this input

In estimating the wage rate, data for the base year 1949-50 were not
available Therefore, a weighted average of the wages of field laborers was
taken for the year 1951-52 using agricultural population in the reporting

30 For a fuller discussiun of this matter, see  John W Mellor, “The Use and Produc-
tivity of Farm Family Labor in Early Stages of Agncultural Development,” Journal
of Farm Economucs, August, 1963
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Table 10, Total Labor Use 1n Foodgrams Production, Indsa, 1949-50 to 1960-61

Labor on Labor on Increased labor Total

Year ummgated land  irrigated Iahd #per acre labor
(mullions of man-months) 1 ;
1949-50 280 86 0 366
50-51 272 88 1 362
51-52 270 89 5 365
52-53 286 89 5 ‘380
53-54 307 9 -1 402
54-55 299 101 1 402
55-56 310 99 4 413
56-57 313 99 6 418
57-58 301 101 28 429
58-59 316 103 22 1
§59-60 317 106 26 448
60-61 312 108 37 458

Table 11 Cumulative Increase m Labor Use over 1949-50 in Foodgrans
Production, India, 1949-50 to 1960-61

Labor on Labor on Increased labor Total
Year unirnigated land  irngated land per 2cre labor
(nullions of man-months)

1949-50 0 0 0 0
50-51 -8 2 1 -4
51-52 -10 3 5 -1
52-53 6 3 5 15
53-54 27 9 -1 36
54-55 19 15 1 36
55-56 30 12 4 47
56-57 33, 12 7 + 52
57-58 20 14 28 63
58-59 36 17 ¢ 22 .75
59--60 37 19 26 83
60-61 32 22 37 93
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states as weights The calculated average wage was 1 50 rupees per day *
Since 1n earlier calculations labor flow per month was taken as 30 days, this
works out to 45 rupees per month Assuming an average of shghtly over
five such months of employment, this represents an annual product of about
245 rupees per person co

To convert the wage rate to a foodgrain equivalent, a weighted average
of 1949-50 harvest prices of all foodgrans was taken The percent con-
tnibutions of the respective foodgrains to total foodgrams production m
1949-50 were used as weights The weighted average of prices so obtained
was 440 rupees per long ton Thus, the physical product of labor for this
period 18 taken as 0 1 tons per month

Application of this response coefficient to the previously derved estimates
of labor use accompanymng increases in unirngated and 1rngated land and
mcreased labor use per acre gives the results shown 1n tables 12 and 13 Since
the same response coefficient was used for each category of labor mput, the
relative weight of each class 1s the same as for the mnput quantities shown
in tables 10 and 11

32 Quotations on wage rates for different districts were taken from the Abstract of
Agnicultural Statistics, 1951-52, Ministry of Food and Agnculture, Government of
India. A smmple average of wages at district level was taken to arnve at the state
figure which was then weighted by the agricultural population 1n the state to ob-
tamn the weighted average

Table 12 The Calculated Effect of Labor Xaput on Foodgran Production, Inda,

1949-50 to 1960-61
Labor on Labor on Increased labor
Year unirngated land unigated land per acre
(mullions of long tons)

1949-50 286 88 0
50-51 278 90 01
51-52 27 6 91 05
52-53 29 2 91 05
53-54 314 98 -01
54-55 306 10 4 01
55-56 317 101 04
56-57 320 10 1 06
57-58 307 103 28
58-59 1323 10 6 22
59-60 324 10 8 26
60-61 319 110 38
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Table 13, The Calculated Cumulative Effect of the Increment to Labor Input
! Since 1949-50, India, 1¢49-50 to 1960-61

Lacor on . Labor on Increased labog
- Year unirrigated land uhigated land per acre
(oullions of long tons)

1949-50 00 00 00
50~-51 -08 02 01
51-52 -~10 03 05
52-53 06 03 05
53-54 28 10 -01
54--55 20 16 01
55-56 31 13 04
56-57 34 13 06
57-58 21 15 28
58-59 37 18 22
59-60 38 20 26
60-61 33 22 38

Increased Inorganic Ferhilizer Input

Estimating Inorganic Fertilizer Input

The Food and Agriculture Orgamzation of the United Nations reports the
total amount of various types of inorganic fertilizers available 1 India for
the peniod 1950-51 to 1958-59 Although there 15 some evidence that stocks
increased somewhat during the period studied, these data will be taken as
representing actual consumption in the respective years

The Government of India has estimated that in the Third Five Year Plan,
61 percent of all inorganic fertilizer wall go to foodgramns production It
will be assumed that this also applies to the pened from 1951 to 1961 The
resulting data regarding norganic fertilizer availability are shown in table 14

Nitrogen dominates the total tonnage of morganic fertihizers There 1s also
considerable difficulty in estimating response coefficients for non-nitrogenous
fertilizers As a result, *he tonnage of all morganic fertilizer 1s totaled and a
single response coefficient 15 attached to that tonnage

Estimating the Response Coefficient for Inorganic Fertilizer

Many fertilizer tr als under various conditions have been run m India
Using data from a varety of sources, the NCAER has constructed a set of
weighted average response coefficients The NCAER then discounted these
coefficients by 15 percent to correspond to usage by farmers They estimated
the response to improved seed separately, hence, the NCAER fertilizer coef-
ficients do not refic t the added effect of tmproved seed
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Table 14. Total Availability of Inorgamic Fertilizers, India, 1950-51 to 1958-59

’

Assumed allocation

Year Nitrogen Phosphate Potash to foodgrains®
(thousands of metnic tons of nutrients) .

1950-51 47 13 - 36
51-52 51 10 7. 42
52-53 105 20 3 78
53-54 85 14 5 64
54-55 117 14 16 90
55~56 142 12 7 98
56-57 165 18 8 116
57-58 179 26 20 137
58-59 180 35 19 143

8 Bee toxt for method of derivation
Bource Food and Agriculture Organization 4n Annual Review of World Produetion and Consumption
of Fertilizers 1081-52 to 1960-61 (Rome)

The undiscounted NCAER estimates are very similar to those estmated
by Panse, Yates and Finney 3* Their data suggest a response coefficient for
all foodgrams of about 10 pounds of gran per pound of fertilizer One set of
estimates of the impact of morganic fertilizers on foodgrains production has
been made using this response coefficient. Because this 1s a conservative
estimate by the standards of a number of trials and because no allowance 1
made for the effect of improved seeds, an alternative response coefficient
of 16 pounds of grain per pound of fertiizer 1s also used These estimates
are shown 1n table 15 It will be noted that the total effect on production
¢ morganic fertilizers has been very small during this period Further, in the
end year, 1960-61, the effect on production of the 60 percent difference 1n
response coefficients used 1s only one mullion tons In the summary tables,
estimating total production increase, the 16-pound response coefficient will
be used This response coefficient certamly represents an upper hmut for
responze, even assuming 1t 1s to cover a complementary input of improved
seed, mnsecticide, management skills, and other types of technology

The Effect of Improved Seeds

It has been assumed for this study that the impact of improved seeds 1s
largely associated with the higher fertiity levels accompanymng use of -
organic fertilizers Hence, the response of these two inputs has been com-
bined n the single coefficient for inorganic fertilizers Available data re-

32 As aited by V S Menon, “Role of Fertiizers in India,” dgricultural Situation n
India, Vol XVII, No 1, Apnil 1962, pp 27-36
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Table 15, Increase in Production Due to Increased Input of Inorganic Fertilizers,
India, 1950-51 to 1960-61 '

Quantity of Total returns unth Total returns with
Jertilvzer response’of response of
Year input 10 pounds 16 pounds
(mullions of long tons)

1950-51 0 04 0 36 0 59
51-52 0 04 04 0 66
52-53 008 077 123
53-54 0 06 0 63 1 00
54-55 009 0 88 14
55-56 0 10 0 96 154
56-57 0'11 115 183
57-58 0 13 135 2 16
58-59 0 14 140 225
59-60 NA. 1 56! 2 50
60-61 NA 172 2 75t

3 Data on fertilizer consumption were not available for 1950~60 and 1960-61 Arbitrary estimates of
ftoducdon were therefore made These estimates appear to be in keeping with the trend that is ohserved
'or the rest of the period.

gardirg improved seed are presented below as a check on the earlier assump-
tions regarding the response coefficient for fertihzer and as evidence of the
mportance of this particuler technological input

Estimates concerning the acreage under improved seeds are conflicting

According to the Ford Team, “the acreage of grain crops planted to im-
proved varieties 1s estimated to be only 15 to 20 percent of the total,”% 1e,
about 40 to 56 milhon acres This estimate was made in 1959 The Third
Five Year Plan 1s estumating the achievements in the Second Plan puts the
foodgrain area under improved seeds at 55 mullion acres in 1961 3¢

The NCAER report provides a much higher esimate They state that
the foodgrains-producing area under improved seeds increased from 83
mullion acres in 1949-50 to 82 3 million acres in 195758 * However, the
NCAER estimates are 1n part based on the quantity of improved seeds dis-
trbuted and 1n part on the premiums paid to the farmers and expenditures
incurred, as given by the Indian Council of Agnicultural Research, Ministry
of Food and Agriculture

3 Ford Team, op cit, p 38

3¢ The Third Five Year Plan, o5 cat, p 303

38 Denved from the annual cropwise estimates of NCAER See NCAER, op ct,
p 237, Table A-63
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Evidence concerning the distnibution of umproved seed casts doubt on
the reliability of the estimates based on the quantity distnbuted.3%

Furthermore, questions must be raised concerning the care taken 1n main-
taning the qualty of improved seeds An observation made by the Ford
Team may be quoted here “More and more seed of improved vareties 18
used, yet the cultvator fails to get satisfactory yield increase because seed
schemes do not provide enough good seed which 1s genetically pure, of high
germunation, free from weeds, other crops and seed-borne diseases httle
18 known about the quality of seed planted by the farmer ">

These problems confirm the decision to sum the effect of mmproved seed
and: alizer under a single input measure and response coefficient

However, acceptance of the Third Five Year Plan esumate of acreage
sown to improved seeds and the NCAER estimate of a response coefficient of
a 10 percent increase in yelds of foodgramns gives an impact on production 1n
1960-61 of shightly more than one mullion tons This 15 2 small percentage
of total production and even of the increment to production n the period
from 1951 to 1961 It 1s roughly equal to the difference 1n estimate of re-
sponse to fertihzer i 1961 when using the 10-pound response and the 16-
pound response per pound of fertilizer

Estimated Increase im Production as Denved from Input Analysis

For the purposes of this study, the following function 15 used to describe
increases 1n agricultural production n India
Y—_'-axxx + azx; + as xy + Q4 Xy
where Y = total production (in mullions of tons)
X == unungated land (in acres)
a; = response coefficient of unirngated land and related inputs
Xz = 1mgated land
a3 = response coefficient of irmgated land and related inputs
Xs = labor for intensification
a3 = response coefficient of labor
X4 = amount of morganic fertiizers (in tons)
a, = response coefficient of fertilizers and improved seeds

% Inaugurating the 19th Annual Conference of the Indian Society of Agncultural
Economics (December 1959), Shn H V R Ienger, Governor of the Reserve
Bank, referred to the special investigation nto food production programme con-
ducted by the Reserve Bank in a few selected areas The Survey revealed that
“out of eight villages surveyed n one distnict, only two denived any benefit at all
from the seed distribution scheme, although this scheme received more attention
than any other scheme, and even in these two villages, only nine out of twenty
cultivators 1n one willage and one out of twenty n another village got improved
seed” As cited by M L Dantwala, op cit, p 37

3 Ford Team, op cit, p 61
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Although there 1s interaction among the various inputs, a hnear function 1s
used on the assumption that the coefficients chosen reflect the effect of the
mnteraction at the expected level of the other inputs

Previous pages provide estimates of the mput quantities and response
coefficients Table 16 shows the calculated contribution of each of the four
mnputs as well as the total production of foodgrains estimated by this pro-
cedure 8ecause of the procedures used, the esimated production in 1949-
50 1s the same as reported adjusted production in that year Table 17 shows
cumulative increments to production for each year since 1949-50 for each
mput category and for total production Figure 1 shows the same data n
graphic form

These estimates show the compound rate of increase 1n production for the
peniod to be 23 percent per year This 1s somewhat lower than the rate
estimated through the preceding methods

Of the total estimated increment to production, approximately two-thirds
1s accounted for by increased mput of irngated and umirmgated land The
remainder 1s about equally spht between the effect of increased labor use
per acre and norganic fertihzers The changes in technology which are re-
flected 1n the coefficient for inorganic fertilizer account for a relatively small

Figure 1 Cumulative Contributions of Various Inputs to Total Foodgrams
Production, India, 1949-50 to 1960-61
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proportion of the increased output in Indian agriculture in the period from
1951 to 1961 In a more general way, 1t can be said that two-thirds of the
increase 1n production 1s due to increased acreage, and one-third to increased
yields per acre

Table 16, Contribution of Various Inputs to Total Foodgrams Production, Ind:a,

1949-50 to 1960-61
Unirngated  Irmigated Increased Fertihz- Total
Year land land  Labor per acre ers production
(mullions of long tons)

1949-50 4 8 12 8 00 00 57 6
50-51 43 5 131 02 06 57 4
51-52 431 133 05 07 57 6
52-53 45 7 136 05 12 610
53-54 49 1 14 2 -01 10 64 4
54-55 47 8 150 01 14 64 3
55-56 49 6 146 04 15 66 2
56~57 5n 1 14 6 06 18 67 1
57-58 48 0 ., 150 28 22 68 0
58-59 50 6 153 22 22 70 3
59-60 50 7 157 26 25 715
60-61 49 9 16 0 3s 28 725

Table 17 Cumulative Contribution of Various Inputs to Total Production over
the Base Period, India, 1949-50 to 1960-61

Unirnigated  Irmigated Increased Fertiliz- Total
Year land land  Labor per acre ers production
(mulhions of long tons)

1949-50 00 00 00 00 00
50-51 -13 03 02 06 -0 2
51-52 -16 05 05 06 00
52-53 10 08 05 12 35
53-54 43 14 ~00 10 67
54-55 30 22 01 14 68
55-56 48 18 05 15 86
56-57 53 18 06 18 95
57-58 33 22 28 21 10 4
58-59 58 2.5 22 22 127
59-60 60 29 26 25 139
60-61 52 32 38 27 14.9
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Table 18. Alternative Estimates of Trends m Foodgramns Production, India,

1949-50 to 1960-61
Adjusted Trend 1n Trend 1n Trend 1n
official production | production production
esumates of  from adjusted  from estimates from mput
Year production estimates of consumption esiimates
(mullions of long tons)

1949-50 58 54 58e 58
50-51 52 56 59 57
51-52 53 58 60 58
52-53 59 60 62 61
53-54 69 62 63 64
54-55 67 64 65 64
55-56 66 66 67 66
56-57 69 68 68 67
57-58 62 70 70 68
58-59 74 73 72 70
59-60 75 75 73 !
60-61 79 78 75 73

Rate of increase for

the peniod (percent) 3 4 34 24 23
& Assumed base

In viewing these conclusions, 1t 13 well to refer back to the assumptions
that he behind them One might choose to reject the assumption that in-
creased labor has been applied per acre or that such labor could be produc-
tive If these assumptions are rejected, then one must either assume that
production increased at a rate of less than two percent per year or that other
mputs had a greater effect than indicated It 1s unlikely that fertilizer input
or 1ts response coefficient 15 greater than indicated Ong rmust then assume
that yelds per acre on new irngated and umirrigated land were higher than
the average of the previously cultivated land, or, one must assume that
yields per acre were increased ! y some device other than improved seeds,
o gamc fertiizers, and labor intensification What this device mght be 18
not immediately clear Indeed, 1t 15 possible, m the hight of waterlogging
and related problems, that productivity of sigmficant acreages of land has
mn fact dechned during this perod
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CONCLUSION

Ths study presents several estimates of the rate of increase in Indian food-
grans production for the period 1949-50 to 1960-61 These estimates are
summanzed in table 18 and 1n figure 2 In addition, rates of increase be-
tween groups of years and matched sets of years have been computed

The substantial effects of vanation in weather greatly reduce confidence
1n an estimate of trend denived from official production data for the penod
1951 to 1961 In addition, problems of reporting and adjustments may in-
troduce error into offictal production statistics

An estimated rate of .oduction increase of 2 5 percent per year 1s denved
from analysis of changes in demand and consumption This 15 roughly
the same rate of increase derived from calculating the trend between the
two poor crop years of 1950-51 and 1957-58 Estimation of increased out-
put from increased input provided a shghtly lower esimate of 23 percent
per year The assumptions made in the consumption analysis are beheved to
generally err on the side of an overestimate of the trend rather than an
underestimate

Figure 2 Alternative Estimates of Trend m Foodgrains Production, India,
1949-50 to 1960-61
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With the given assumptions, the nput analysis attributed two-thirds of
the production increase to increased acreage of irngated and unmirngated
land The remaining one-third 1s attributed to varous factors increasing
yields per acre, with the effect split about evenly between more labor per
acre and the joint effect of imorgamc fertihzer and related inputs

Bach of the estimates of the rate of increase in foodgrams production
18 based on a number of assumptions which 1t would be difficult to test fully
The sets of assumptions for each estimate were denived relatively inde-
pendently of each other The incidence of simlar estimates from the dif-
ferent methods of estimation shows that the various assumptions are mutual-
ly consistent Thus acceptance of a different set of assumptions in one case,
suggests that the assumptions in the other approaches likewise requre ad-

justment.
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