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More than 20 years ago, “The Role of Agriculturein
Economic Develcpment” discussed the ways in
which agriculture can contribute to transforming a
traditional low-income, agricultural economy into
amodern high-incomeindustrial one.* Since then,
barring practices in a few countries and a small
proportion of the literature on economic develop-
ment, the relation between agricultural and indus-
trial development has received very little treatment.
In Agricultural Growth and Industrial Performance
in India, Research Report 33, C. Rangarajan re-
turns our attention to the interaction between agri-
culture and industry and defines the major points
of influence of agricultural growth on industrial
growth.

The study focuses on five major linkage rela-
tions between agriculture and industry. First, agri-
culture requires industrially produced inputs such
as fertilizer, tools, and machinery. Second, agricul-
ture supplies the raw materials for agriculture-
based industries, which in India constituted 34
percent of total industrial output in 1970. In 1946,
which represents an earlier stage of India’s devel-
opment, the industries based on agricultural raw
materials constituted 66 percent of tota! industrial
output. Third, agriculture affects industrial output

*Bruce F. Johnston and John W. Mellor, “The Roi=2 of Agriculture in
Economic Development,” American Economic Review 51 (September
1961).

through rural household demands for consumer
goods and services. It is notable that the value of
the share of industrial consumption goods con-
sumed in rural areas is nearly two-and-a-halif
times larger thin that of the share consumed in
urban areas. Fourth, agriculture influences indus-
try through government savings and public invest-
ment. If crops are good, the government will collect
more taxes and spend less on relief measures.
Additional government savings may then be
directed to public investment, thus generating
demand for basic and capital goods. And finally,
fluctuations in the terms of trade between agricul-
ture and industry affect private corporate invest-
mentas well as household savings and investment.

The study presents data on the year-to-year
growth rates for agriculture and industry for the
years 1961-75 and the quingquennial growth rates
from 1951 to 1976. Although matching data on
agricultural performance to industrial production
is difficult, especially if the time period is shon,
certain movements seem to be related. For exam-
ple, the decline in the output of the consumer
goods industries in 1973 and 1975 reflects the
declinein agricultural production in 1972 and 1974.
But, because of the many other .influences on
industry, industrial growth cannot be expected to
mirror agricultural growth exactly.

1776 MASSACHUSETTS AVENUE, N.W. - WASHINGTON, D.C. 20036 - USA + 202/862-5600 - CABLE IFPRI-TELEX 440054



SALIENT FEATURES OF INDUSTRIAL
AND AGRICULTURAL GROWTH

Agriculture's performance affects the industrial
consumption goods industries directly, whereas
the effects on the basic and capital goods indus-
tries occur indirectly through savings and invest-
ment linkages, which are affected by the size of
agricultural output. For example, when crops are
good, rural incomes rise, and farmers buy more
goods—tools and machinery as well as household
consumer goods such as clothing and sugar. They
also save and invest more. The government gains
because it collects more indirect taxes, such as
those on rail freight, and perhaps saves on public
relief expenditures. If the government, in turn,
invests these savings in public works, basic and
capital goods industries will again benefit from the
increased demand for steel and machinery.

The production linkages of agricultural growth
at this stage of India’s development are naturally
rather weak. Only about 13 percent of agricultural
output goes to other sectors as inputs. Never-
theless industry is more dependent on agriculture
for inputs than agriculture is on industry. This pic-
ture could change depending on the relative
growth of agricultural technoiogy and of process-
ing industries.

An improvement in the agricultural terms of
trade benefits those who sell agricultural com-
modities—mainly the well-to-do rural landowners.
Because this group also buys most of the industrial
consumption goods in rural areas, demand for
these goods increases. On the other hand, urban
families and lower-income rural families who must
buy their food will spend more of their income on
food if prices rise and less on industrial consump-
tion goods. In testing this hypothesis, Rangarajan
finds that an increase in both agricultural output
and relative agricultural prices increases rural
nonfood spending.

In analyzing influences on savirngs and invest-
ment, the effects on government and household
savings and on corporate investment are exam-
ined separately. Income is the primary stimulus to
increased household savings. Like demand, rural
. savings are influenced pogsitively by a relative rise
in agricultural prices, whereas urban savings are
influenced negatively. In 1967/68 rural savings

were in aggregate 1.83 times higher than urban .

savings. The estimated equations indicate that
increased agricultural income positively affects
both househcld and government savings. A rise in
relative agricultural prices has a negative effect on
corporate investmentand on government savings;
it has a positive effect on household savings.

Figure 1—Index of national income, actual and simulated,
1961-72
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The simulation model developed in this study provides an
accurate picture of the actual past movements of national
income (Simulation | compared to the actual behavior). Intro-
ducing a boost in the agricultural growth rate of 1 percent
(Simulation V) shows a very significant effect in growth of
national income.



Figure 2—Index of the output of the consumer goods
industries, actual and simulated, 1961-72
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It can also be seen that accelerated agricultural growth has o

sharply favorable eflect on growth in consumer goods indus-
tries.

Figure 3—Foodgrain terms of trade, actual and simulated,
1961-72
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The simulationis less effective in showing changes in relative
agricultural prices. Neveriheless, the one percent higher agri-
cultural growth rate (Simulation V/) provides markedly lower
relative foodgrain prices that not only accelerate overall
growth but increase the real incomes of low-income people.
Of course thatcan only occur if cost-decreasing technology is
applied.




THE MODEL

In setting up a macroeconumic model to evaluate
agriculture'sinfluence, Rangarajan divides the link-
ages into three groups: production, demand, and
savings and investment. The model, which is based
on historical data covering 12 years, 1961-72, is
constructed with appropriate lags. It does not
explicitly include the demand for foodgrains that
arises from industrial growth, though part of this
effect is captured through tne foodgrain terms of
trade. The study does not attempt to relate a given
rate of growth in agriculture to a rate of growth in
industry. Instead, itasks what the effect on industry
would be if agriculture grew at a certain rate. It
appears that a 1 percent increase in agriculture
will generate a 0.5 percent inciease in industrial
growth. Considering how maiy other factors influ-
enceindustry, thisis a strong influence. The resul-
tant effect on national income is an increase of 0.7
percent. These are the results when relatively little
government policy is specifically designed to en-
hance the influences of agricultural growth on
industrial growth. A number of studies under way
at IFPRI are directed toward discovering policies
that may have that effect.

In the model agricultural output and its compo-
nents are treated as exogenous variables, whereas
the terms of trade are endogenous. Having separ-
ated total industrial outputinto consumption goods
and basic and capital goods, Rangarajan deter-
mines the output of each.

Five simulations are run: Simulation | is the
basic simulation; Simulation Il shows the effects of
aone-timeincrease in agricultural output; Simula-
tion lll studies the effects of a change in the relative

prices of food grain; Simulation IV traces the
results of a steady increase in agricultural output
during the period; and Simulation V examines the
influences of a 1 percentage pointincrease in the
agricultural growth rate. The simulations are all
deterministic but Simulation | is also stochastic.

The analysis shows that agricultural growth has
a quite significant effect on industrial and overall
growth. For example, 2ccelerating the agricultural
growth rate on Simu'ation V from the actual level of
2.35 percent to 3.35 percent raises the industrial
arowth rate from 4.58 to 5.08 percent and the rate
of growth of national income from 3.10 to 3.31
percent (see Figure 1).

The effect of agricultural growth on the con-
suimer goods industries is, of course, more direct
ancd larger than the effect on capital and basic
goods. But considering the indirect processes of
these relations, through savings and investment in
the househ»nld, government, and corporate sec-
tors, the effect is by no means slight (see Figure 2).

Tha net effect of a rise in relative foodgrain
prices on industrial output is negligible. This is
because the negative effect on the output of con-
sumer goods industries is cancelled by the posi-
tive effect on the output of the basic and capital
goods industries. This is in sharp contrast to the
positive net effect of an increase in agricultural
outpul. Although the model does not include the
effect of prices on agricultural production, a net
positive effect may arise from that source. Of
course, accelerating the growth rate of agricultural
production does result i relatively lower food
prices despite the stimulation effect on other sec-
tors (see Figure 3).
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FOREWORD

In“The Role of Agriculture in Economic
vevelopment,” written nearly a quarter of a
century ago, Bruce Johnston and | discussed
the principal means by which agriculture
could assist in transforming a traditional
low-income economy to a modern high-
income one. In the intervening years the
literature and much of the practice of devel-
opment has been dominated by either em-
phasis on industrialization, independent of
agricultural development, or on agriculture
as a provider of basic human needs, in-
dependent of commercialization and in-
dustrialization. Perhaps the time is ripe to
pick up the old threads of a dynamic
interaction between agriculture and industry.
Those threads lead to a very specific strategy
for development of agriculture itself in
which technological change plays the key
role.

This research report by C. Rangarajan
defines 1aajor points of influence of agricul-
tural growth on industrial growth. The paper
then attempts measurement of the broad
relationships involved. In the process, valu-
able elements of description of these rela-
tionships and the measurement of associa-
tions provide a convincing argument for the
significant effect that agricultural growth
can have on industrial growth and a break-
down of the relative weight of the com-
ponent parts.

In appraising the importance of the
relationship Rangarajan sketches, it is no-
table that the value of the proportion of
industrial consumption goods consumed in
rural areas is nearly two-and-a-half times
larger than the proportion consumed in
urban areas. The study shows that these
consumption linkages are much more power-
ful than the links from the use of inputs by
agriculture or the provision of raw materials
to industry.

This analysis then serves as a prelude to
studies providing much more detailed in-
formation on the costs of obtaining agricul-
tural growth, so that the costs may be com-
pared with the benefits, more complete and

alternative specifications of the relation-
ships between agriculture and industry, and
more precise measurement of those relations
and their component parts. But, even more
importantly, the analysis points out the
need for careful studies at the farm, village,
and rural regional levels of the precise
nature of these interactions and hence the
policies that may be applied to further
develop and enlarge them. Current IFPRI
field work in collaboration with the Tamil
Nadu Agricultural University in Coimbatore,
India, and with the Bangladesi Inautute of
Development Studies in Bangladesh will
shed light on these matters. This work will
not only corroborate the strong positive role
of agriculture in development but will lead
to poli~ies to enhance that role.

Itis "iotable that Rangarajan finds that a
I percent addition to the agricultural growth
rate stimulates a further 0.5 percentage
point increase in the growth rate of industrial
output (and hence a0.7 percent increase in
the growth rate of national income). This
finding, though based on a different meth-
cdology, is roughly the same as the findings
of Peter Hazell and his associates in the
Muda River Project in Malaysia. It is perhaps
fair to say that in neither case were there
explicit policies to enhance this multiplier
effectof agricultural growth. Thus aresearch
effort to define the details of these relation-
ships in order to find policies for enhancing
the multipliers is well founded. AUIFPRI we
have a substantial effort under way to
pinpoint investment and policy needs for
increasing these multipliers, for turning
agricultural growth into greater employment
opportunities for the poor, and for generating
a greater market for agricultural output—all
summing up to a further increase in overall
growth rates with broader participation in
the benefits of that growth.

John w. Mellor

Washington, D.C,
October 1982
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SUMMARY

This report examines the linkages be-
tween agriculture and indusiry in India and
trics to determine how close are the ties
between agricultural performance and in-
dustrial growth. Agriculture influences in-
dustry in many ways. It generates demand
for industrial products used in farming,
such as fertilizer, tools, and machinery. [t
provides raw materials needed by agriculture-
based industries. It fosters direct rural de-
mand for consumer goods, such as clothing
and sugar, and it creates indirect demand
for basic and capital goods (such as steel
and machinery) through its influence on the
savings and investment of the household,
corporate, ard government sectors. For ex-
ample, a rise in agricultural production
leads to a rise in rural incomes, which leads
1o increased demand for industrial con-
sumption goods. A rise in rural income also
generates more houschold savings and in-
vestment. If crops are good, the government
will collect more taxes and revenues from
other sources such as railway freight. The
government also saves because it spends
less on public relief measures than it would
in times of crop failure,

Although agricultural and industrial
growth appear to he similar in many periods,
they do not mirror cach other exactly. Nor,
considering the many other influences on
industrial growth, should that he expected.
For example, in 1961-65 when industrial
growth in India was most rapid, agricultural
performance was crratic. It may be that lags
distorted the picture or that the effects of
different linkages offset each other.

Agriculture influences industry through
three types of linkages—production, de-
mand, and savings and investment. A macro-
cconomic model incorporating all these
relationships is constructed to study the

effects of agriculture on the economy. The
model does not explicitly incorporate the
demand for foodgrains that arises as a result
of industrial growth. However, it captures
part of the effect through the foodgrain
terms of trade., The model asks what the
effect on industry would be if agriculture
grew at a certain rate.

Historical data covering 12 years (1961-
72) are used ro estimate the quantitative
relationships. Appropriate lag structures are
also introduced. The model separates total
industrial output into two categories: con-
sumption goods and basic and capital goods.
Agricultural output is treated as an exogenous
variable, whereas the terms of trade between
agriculture and industry are treated as en-
dogenous.

To test the madel, simulated values
derived from the model are compared with
the actual values. The model captures fluc-
tuations in industrial production but there
are wide differences in the values for year-
to-year growth of basic and capital goods.

Simulation I, the basic simulation, is
deterministic, but the model is also sunulated
stochastically. Simulation IT shows the effects
of a one-time increase in agricultural output.
Simulation Il takes one of the variables,
foodgrain terms of trade, and traces the
effect of a change in it. Simulation IV
attempts to determine what would have
happened if agricultural output had increased
steadily during the period. Finally, Simulation
V studies the influences of a 1 percent in-
crease in the agricultural growth rate. The
results of Simulations I and V indicate that
a 1 percent growth in agricultural output in-
creases industrial production by about 0.5
percent and thus national income by a little
more than 0.7 percent.
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INTRODUCTION

In an economy such as India's, where
approximately half of the gross domestic
product originates in agriculture and allied
activities, it is generally assuined that the
influence of agriculture on industry is strong.
Before this assertion can be validated, how-
ever, the channels through which agricul-
tural performance influences industrial
growth must be clearly delineated. Only the
examination of cach of these links will show
to what extent the performaice of agriculture
explains the behavior of industry.

There are at least five separate channels of
influence. First, because agriculture requires
industrial inputs, such as fertilizer, growth
in agriculture generates demand for such
industrial products. Perhaps as the technology
of agricultural production changes, this link
will become stronger.

Second, agriculture supplies the inputs
neerled by agriculture- based industries, This
segment of the 1ndustrial structure accounted
for 66 percent of total industrial output in
1946, 47 percent in 1960, and 34 percent in
1970. Obviously, the availability of agricul-
tural raw materials must have a significant
influence on these industries.!

Third, agriculture influences the output
of industrial consumption goods through
demand. Industrial consumption goods in-
clude clothing, footwear, sugar, edible oils,
and furniture, It is not often vecogiized that
rural consumption o/ industrial consumption
goods is nearly two-and-a-half times that of
urban consumption. Lowever, it is necessary
to distinguish between the outputeffect and
the effect of the terms of trade between agri-
cultural and industrial products on demand.

Given the income elasticities of demand
for industrial consumption goods of the
rural population, the effect of an increase in
rural income resulting from arise in agricul-
tural production can be estimated. The
changing pattern in the distribution of rural
income and the elasticities of demand of the

different classes will have to be taken into
account to understand the effects in the
long run. The effects of the terms of trade
need to he analyzed from both the rural and
urban perspectives. Anincrease in the terms
of trade in favor of agriculture {particularly
food prices) will adversely affect the demand
for nonfood items in urban arcas. The cross
elasticity of demand is negative, especially
among lower-incoine groups in urban areas
where food consumption is a sizable part of
the total budget.

In rural areas the effects of the terms of
trade are not necessarily cither solely posi-
tive or solely negative. The effects for lower-
income groups will be the same in rural
areas as in urban areas because the bulk of
the rural population in this incomc group
also buys food. For rural upper-income
groups, the negative effect on demand aris-
ing from the increase in the terms of trade in
favor of food can be offset by the increase in
the income resulting from the improvement
in agricultural prices. Thus the overall effect
of the change in the terms of trade will be a
combination of the effects for all population
groups. The effect of an increase in food
prices on the demand for nonfood items by
different expenditure groups in rural arcas
can be broken into two parts. First, there is
the negative cross elasticity of demand.
Sccond, there is the positive income effect,
which will depend on the increase in total
expenditure from a rise in prices and on the
expenditure elasticity of demand for nonfood
items of that expenditure group. Thus the
effect of a 1 percent rise in food prices will
be Eif + an, where Eil is the cross elasticity
of demand for good i (nonfood), a is the
percentage increase in total expenditure
due to a 1 percent increase in food prices,
arel n, is the expenditure clasticity for i
(nonfood) of that group. The value of a will
be zero for low-income groups that do not
sell any food; its value is likely to increase

¥V These two direct links between agricultural production and industrial production will be weakened if the industrial
inputs required by agriculture are imported or if the agricultural inputs used in industry are exported, instead of

being processed domestically.



moaving from lower- to higher-income groups.
Strictly speaking, if the effects of foodgrain
prices alonc are considered, the value of a
will depend on the share of foodgrain
output in the total output of each group.
Also, because the income relevant in this
context is monetdary income, it will depend
on the marketed surplus of cach group.
Thus, for higher-income groups in rural
arcas, the combined effect of the two parts
can he positive. 2

The fourth channel of influence is via
government savings and public investment.
A rise in agricultural production can result
in increased government savings by increds-
ing the amount of indirect taxes collected
and by improving freight carnings for the
railways. In addition, when crops are good,
the government spends less on programs
such as droughtrelief. Anincrease m govern-
ment savings may, in turn, be reflected in
higher public investment, which may gen-
crate the demand for the output of basic and
capital goods industries. The combined
weight of the basic and capital goods in-
dustries in total industrial production is 53
percent. One explanation for the dectine in
the growth rate of the industrial sector since
1965 is the fall in public investment; there-

fore, the link between public investment
and agricultural performance, however in-
direct it may be, should be explored.

Fifth, fluctuations in agricultural pro-
duction may affect private corporate invest-
ment decisions through the impact of the
terms of trade on profitability. A low and
stable price for wage goods (particularly
food! may lead to increased profitability for
incdustre) goods, which may be conducive
to increased private corpordie investment,
On the other hand, an increase in the terms
of trade in favor of agriculture may promote
rural houschold savings and investment.

Whereas some of the channels emphasize
the link between agriculture and industry
on the supply side, others stress the link on
the demand side, In subsequent chapters,
cachof these links is examined separately to
see how strong cach influence has been in
India during the past 20 years. A model is
constructed, which incorporates all these
relationships, so that one can study the
overall impact of agriculture’s performance
on the cconomy. First, however, a look at
industrial growth and agricultural perfoi-
mance during the period 1935-75 will high-
light some of the trends.

 For a discussion of this type of effect and some empirical estimates see; R, Radbakrishna, “Demand Functions and
Their Development Lmplications in a Dual Economy, India,” The Developing Lconomies 16 (June 1978); 199-210.
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SALIENT FEATURES OF INDUSTRIAL AND

AGRICULTURAL GROWTH

There are two distinct periods in the
history of industry in India during the 20
years beginning in 1955. In the first decade
industrial production increased at an average
annual rate of 7.1 percent, but in the second
decade, 1965-75, the growth rate fell sharply
10 3.9 percent. Undoubtedly, the industrial
structure of India is far more diversified now

than it was in 1950, But the sluggishness of

industrial production persisted for maore
than a decade and by 1975 had spread to all
hranches of industry.

Table 1 provides data on the rate of

growth of industrial and agricultural pro-

duction since 1951, Data on the growth rates
of different sectors, such as basic gouds,
capital goods, and consumer goods, arc also
provided. Table 2 shows year-to-year rates
of growth in the componenis of industrial
and agricultural production irom 1961 o
1975. The highest industrial growth rate was
achieved during the period 1961-55. On
average, industrial production grew by 9.0
percent per year. The sharpest increase was
in the capital goods industries, which grew
at an annual rote of 19.7 percent. This is
partly accounted for by the low base those
industries started from. During this period

Table 1 — Growth rates in the output of different sectors of industry and agriculture,

1951-76
Sector 1951-55 1956-60 1961-65 1966 -70 1971-76
(percent)
Industry
General index 6.68 5.70 9.0 3.7 3.6
Use-hased classification
Basic goods industries 30.90° .71 10.5 6.2 5.3
Capital goods industries L Ce 19.7 -4 5.4
intermediate poods industries 5.79 9.83 7.19 3.99 1.84
Consumer goods industries 3.43 2.88 5.0 4.0 1.6
Input-hased classification
Agriculture-hased industries 3.9 1.6 1.3
Metal-based industries 16.49 3.89 4.78
Chemical-based industries 8.25 9.1 2.90
Sectoral indicators
Transport 12.87 1.60 4.09
Flectrical and allied activities 13.68 12.23 5.08
Agriculture
All crops 4.3 4.3 1.0 6.8 2.7
Foodgrains 5.3 349 2.0 B9 2.0
Nonfoodgriins 2.6 5.1 0.9 3.5 2.4

Sources: The figures for industry from 1951 (0 1961 are from V. V. N. 3omyajulu, “Structural Changes and Growth in
Indian industries 19461970, Asian Fcononic Review 16 (December 1974): 131184 the figures for industry
after 1961 are from Reserve Bank of India, Report on Currency and Finance, various volumes (Bombay: Reserve
Bank of India, various years). All figures for agriculture are from tdia, Ministry of Agriculture and lrri-
gation, Dircctorate of Economics and Statistics, Fstimates of Area and Production of Pnncipal Crops in India.
various issues (Delhi: Controller of Publications, various years).

4 These figures are for the investment goods industries, which are the hasic and capital goods industries.
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the rate of growth of the consumer goods
industries was 5.0 percent, which was the
highest growth rate achieved hy this segment
of industrial output in any five-year period.

The period 1966-70 witnessed a dramatic
decline in production. The growth rate fell

to 3.7 nercent. Although all segments of

industridal production suffered during this
period, the worst hit were the capital goods
industrics, which declined an average of 1.4
percent a year. The growth rate of the
consumer goods industries declined only
slightly. The growth rate of the agriculture-
based industries decveased from 3.9 percent
in the previous period to 1.6 percent during
this period.

During 1971-75. the growth rate of in-
dustry was 3.6 percent, which was almost
the same as in the previous period. However,
the rates of growth of the different segments

were strikingly different. The consumer
goods industries suffered most during this
veriod. Their growth rate fell to 1.6 percent.,
The capital goods industries improved their
performance, and there was little change in
the growth rate of agriculture-based in-
dustries. Thus, whereas the decline in in-
dustrial output during 1966-70 was primarily
due to the setback in cepital goods industries,
during 1970-75 it was due to the decline in
consumer geods industries.

Table 2 shows that, except during 1960-
65 when rates of growth were uniformly
high, the year-to-year changes have heen
quite uneven. During 19€6-70, the highest
rate of growth for industry as a whole was
7.5 percentand the lowest was 0.4 percent.
During 1971-75 the highest and lowest
growth rates achieved were 5.7 percent and
1.6 percent respectively. Nordid the different

Table 2— Annual rates of growth in industrial and agricultural production, 1961-75

Agriculture-
AH Basic  Capital  Consumer Based All
Year Industries  Goods  Goods Goods Industries Crops  Food Nonfood
(percent)

1961 92 127 18.0 0.6 9.2 1.0 0.4 0.2
1962 9.7 133 29.0 1.3 2.8 0.15 3.1 1.8
1963 4.3 142 111 2.2 2.6 2.4 0.6 2.6
1964 8.6 38 17.7 7.4 0.0 10.6 10.8 11.7
1965 9.2 8.0 22,0 7.5 2.4 16.7 16.0 114
1961-05

averdage 9.0 10.5 19.7 5.0 3.9 1.0 2.0 0.9
1966 0.4 5.2 13.9 24 0.4 0.0 2.0 3.2
1967 0.4 2.1 23 4.3 R 21.5 28.0 11.5
1968 6.8 10.2 3.4 4.9 3.5 1.5 1.0 2.1
1969 7.5 8.9 1.7 10.1 5.5 0.7 6.7 6.4
1970 .1 1.0 4.9 6.4 4.5 7.2 8.9 5.4
1966-70

averdagpe 3.7 0.2 1.4 4.0 1.6 [$R] 8.9 3.5
1971 4.2 4.6 5.3 3.2 0.5 0.0 1.3 2.0
1972 5.7 8.0 0.9 4.7 5.6 8.0 8.2 7.8
1973 16 3 1548 0.5 0.1 9.9 7.8 td.4
1974 2.0 3.9 4.3 2.2 1.0 3.2 54 1.1
1975 4.7 133 0.9 1.9 1.6 15.2 220 2.5
1971-75

average 306 5.3 5.4 1.6 1.3 2.7 2.9 2.4

Sources:Calcutations from data in Indi, Feonorue Survey, various issues (Dethic Controller of Publications, various
years), Reserve Bank of India, Report on Cuneney and Fiance, various volumes (Bombay . Reserve Bank of
India, various yeaws), RN Lal, Capal Formation and Us Fiancmg m India {(Columbia, Mo Soutdy Asia

Books, 1977} Vidya Pitte, " A Study of Trends in fndia’s fmperts: 1960-61 to 1974-7

c

3 Feonone and Politieal

Weekly: May 9, 1981, pp 851-862, and Isher | Ahluwalia, hehavior of Prices and Output in india (Madras: The

Macmillan Company of India, 1979)
Notes:

The growth rates of indnstial production and ther compenents up to 1970 were computed trom the series

with mdex 1960 equals 100 and therealter from the index 1970 equals 100, The growth rates of agricultural
ouwtput and thew components were computed from the series with the trienninm ending 196162 as a base.



segments of industry grow at the same pace
inall years. For example, during 1971-75 the
highest growth rates in the basic, capital,
and consumer goods industries were reached
in 1975, 1973, and 1972, respectively. The
disparate behavior of outpur it different
segments of industry points to the need for
examining the factors affecung industry in
cach of the periods.

Against this background of industrial
performance, it may be worthwhile to see
whether developments in agriculture paral-
leled those in industry, Computing the growth
rate for agriculture, where output changes
have been quite sharp from year to year, is a
hazardous exercise, particularly if the time
period chosen is as short as five years. The
inclusion or exclusion of a single year can
alter the growth rate substantially. Based on
longer time series, however, the general
view now held is that there has heen no
significant decline in the rate of growth of
agricultural output inrecent years, A decline,
if there is one, is perceptible only in non-
foodgrains,

From the data on agricultural pertor-
mance and industrial production, it is pos-
sible to see that certain movements are
stmilar. Industrial production rose at an
average annual rate of 6.2 percent between
1950 and 1960. This period was also marked
by the rapid growth of agricultural output,
particularly of foodgrains. Between 1950/51
and 1955/56, foodgrain production rose at
an average annual rate of 5.3 percent,
During the next five years the rate of growth
was 3.9 percent per year. Although industrial
production proceeded at an even pace,
more or less, foodgrain output fell in four
out of five years.

The drought years of 1965 and 1966 had
a dramatic effect on industrial production,
Industrial output, which had heen growing
steadily at about 9 percent per year in the

previous five years, stopped growing in
1966 and 1967 (Table 2). The revival of
industrial growth scen in the next threc
years was again associated with better per-
formance in agriculture. More recently, the
fall in the output of the consumer goods
industries in 1973 and 1975 was associated
with a fall in agricultural output in 1972 and
1974, But during the period 1961-65, when
industrial growth was rapid, agricultural
growth was erratic. Agricultural output rose
only in 1963/64 and 1964/65. Whereas the
foodgrain terms of fhade rose during this
period, their increase was moderated by
annudl imports of toodgrains of about 5
million metric tons,

Thus, although there appears to be a
rough parallel between industrial growth
and agricultural performance, one should
not, even in theory, expect industrial pro-
duction to he a simple reflection of agricul-
tural performance. Industrial growth is fueled
by many factors that are not directly influ-
enced by agriculture On the other hand,
raw data may hide some of the influences of
asriculture on industrial performance be-
cause of the lags involved. Also, il there are
several links between agriculture and in-
dustry, it is quite possible that whereas
sotne mdy lead to anincrease in industrial
production, others may decrease it, It has
already been pointed out that the effects of
agricultural output on the demand for in-
dustrial consumption goods and on the
terms of trade for different groups of people
are different. In some situations govern-
mental policy may partly offset the effects.
A sharp rise in agricultural prices resulting
from a decline in agricultural output may he
olfset by imports. It is therefore necessary
to study the influences separately and then
to combine them to find the total effect for a
given period.

Y The deceleration in industrial growth since 1966 has been the subject of many studies. For example, see: P,

Patnaik, “Disproportionality Crists and Cyclical Growth,”

" Economic and Political Weehkly, Annual Number, February

1972, pp 329-336: K N Rap, “Growth and Stagnation in India’s Industrial Development,” Feonomic and Political
Weekly. Annudl Number, February 1976, PP 223-236: T N. Srinivasan and N. S, S, Narayan, “Economic Performance
since the Third Plan and its Implications for Policy,” Feonomic and Political Weekly. Annual Number, February 1977,
PP 225-240. A Vadyanathan, “Constraints on Growth and Policy Options,” Economic and Political Weekly. September
173977, pp 1643-1650; D Nayyar, “Industrial Development in India: Some Reflections on Growth and Stagnation,”
Eeonomue and Polincal Weekly: Special Number, August 1978, pp. 1265-1278. S Chakravarty, “On the Question of
Home Market and Prospects tor Indian Growth,” Feononne and Poliical Weekly Annual Number, August 1979,
PP 1229-1242, € Rangarajan, “Strategic Issues in Industrial Development,” the Feonomie Scene. January 1980,

pp. 7-14.
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LINKS BETWEEN AGRICULTURE AND INDUSTRY

The channels of influence discussed

carlier can be grouped into three types of

linkages— production linkages, demand link-
ages, and savings and investment linkages.
The purpose of this chapter is to examine

separately the nature and significance of

cach of these linkages in order to construct
a macro model

Production Linkages

Agriculture and industry are linked to
cach other through the input-output rela-
tionship. The output of agriculture provides
inputs for many industries, such as sugar,
cotton textiles, jute textiles, and tobdcco.
The proportion of the value of agricultural
inputs 1o the total value of output in these
industries varies from 20 percent inmatches
1095 percent ingur and Ahandsari, which are
both forms of brown sugar. Agriculture also
absorbs the outputs of other sectors as
inputs required in the production process.
The major industrial outputs coming under
this category are fertilizers and electricity.
With an input-output table, it is possible 1o
compute a number of measures that illustrate
this type of linkage.5

AtIndia’s present stage of development,
itis only natural that the production: linkages
are not strong. (The Asian Development

Bank’s Second Asian Agricultural Survey also
found that the intersectoral linkages were
weak in several other Asian countries.®)
According to a table of intersectoral transac-
tions for 1968/69,7 the total value of the
output of agriculture and allied activities
(including animal hushandry, forestry, and
fishing) was Rs 19,702 crores.8 The total
value of inputs used in agriculture was
Rs 4,840 crores, Of this, Rs 3,571 crores was
the value of inputs coming from agriculture
and allied activities. Thus only inputs worth
Rs 1,269 crores came from the industrial
and service sectors. This was only 6.4 per-
cent of the value of total agricultural output.
The flow of the output of agriculture and
allied activities to other sectors constituted
only a small share of the total value of their
output. Output worth Rs 2,489 crores went
to nonagricultural sectors as inputs. This
was approximately 13 percent of the total
output of agriculture and allied activities.

Dividing the cconomy into three sectors,
agriculture, manufacturing, and services,
and taking into account direct and indirect
requirements, one can see that an increase
of Re 1.00 in the final demand for agricultural
goods results inan increase in the output of
manufactured goods of Re 0.09 and of ser-
vices of Re 0.02, whereas an increase of
Re 1.00 in the final demand for manufactured
goods results in an increase in the output of
agricultural goods of Re 0.26.9 In fact, a

* For a pioneering study of the links between agriculture and industry, see A, Rudra. Relative Rates of Growth—
Agniculture and Industry (Bombay: University of Bombay, 1967).

¥ Several ratios for understanding the agriculture- industry linkages are suggested in Asian Development Bank, Rural
Asia: Challenge and Opportunity (New York: Praeger Publishers, 1978), pp. 102 126 and pp. 362-383.

& thid.

T Figures are taken from Reserve Bank of India, “ Inter- Industry Transactions in the Indian Economy,” Reserve Bank of

India Bulletin, November 1978, pp 892-935.

S In 1972, US $100 was equal to Re 013 A crore equdls 10 million,

% The A matry of input coetticients that was obtained was as follows:

01812 0.1242

00415 0.3887

0.0112 0.0968
The (1 A) ) matrix was:

1.2357 (1.2630

0.0907 1 7046

0.0250 0.1857

0.0199
0.1678
0.0949

0.0760
0.3181
1.1399
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rupee increase in manulactured goods has a
greater elfect on agricultural output than an
services, These data also show that the
dependence of industry on agriculture is
greater than that ef agriculture onindustry
The dependence of agriculture on in-
dustry for inputs hinges on the technology
used in agricultare. Similarly, the depen-
dence of industry on agriculture for inputs
hinges on the growth of processing indus-
tries, which in turn depends on the amount
of income and perhaps export demand. In
the short run theve is no mechanism for
strengthening these linkages, buet in the
long run structural changes in dhe production
pattern of the economy are important.

Demand Linkages

The factors intluencing the demand for
industrial consumption goods, both rurdl
and urban in origin, need to be understood
clearly. As mentioned cavlier, rural demand
will be influenced by output changes in
agricultire and by the terms of trade. | the
terms of trade improve in favor of agriculture,
those who buy agricultral commodities
will be adversely atfected, hut those who
sellagricultural commaodities will henelit, 1t
is well known that the bulk of industrial
consutrption goods in rural areas is hought
by upper-income groups ' Because they
ofteny are also the sellers of agricultural

commodities, an improvement in the terms
of trade in favor of agriculture may increase
the demand for industrial consumption
goods.'!fo test this hypothesis, an equation
is estimated relating nonfood expenditures
(in constant prices) of the rural sector to the
indev ol agricuttural output (AQI) and the
terms of trade (TT), which is defined as the
ratio of the price o agricultural commodities
to the price of manufactured finished prod-
ucts.' The independent variables are cach
lagged by one period. The data used o
estimdte the equation covers the period
1960/61-1970/71.1

The estimated equation for rural nonfood
expenditures is:

Rural nonfood expenditures

757.287 + 42,026 AQI, | i 22.526 TT,
(7.7) (7.08)

)

R 095,

The equation shows that the effects of
both agricultural output and the terms of
trade we positive. The numbers in paren-
theses are (-values, Both eoefficients are
statistically significant, TH ositive coef-
ficient for the terms of tra 15 not only the
result of the “pure” price Jfect, but also of
the effect on monetary income hrought
about hy arise inagricultural prices relative
1o prices of manufactured goods. ™ The AQI

N attonal Sanple suvey statisties show that die top 10 percent of the il popolation accounts for 38 pereent of
the nnal - onsumption of tdastoal goods 10has remamed more or less at this fevel tor several rounds. For details
seeS Rov " Demand tor Indastual Consrner Goods i indig - A Stady of Tinkages” (Ph D thesis, Indhan Institute of
Mandgement)

oatany tudies have shown that e bulk ol the maketable suplus s concentated me the hands ot large
landholders See Dharne Navan, Dastribution of the Marheted Surplus of Apnculinral Produce by Seee-Level of Holdings m
Inda 1950 51 (Bombay \sia Pablishing House, 1961) Vvecentmicro study on Mahavashtva shows that, for wheat,
land holdimgs of more than 10 aores acconnted tor 60 percent ol the total marketed stplos Taking all foodgrains
into account, these holdings accounted for 80 percent ol the marketed stnplus. See AUV Nadkami, “Marketable
Surplus and Market Deperntence A ATHet Regron of Maharashtra,” Feonome and Political Weekly: March 29, 1980,
pp. ALE-ALG

Y Ruzal nontood expenditures were computed by apphyim the rato ol raral nontood expendituzes to total nontosd
expenditures as revealed by the natior b imcome statistics onctotal nontood consumption expenditures, Food
expend:tures e huded those onceredls, otk and mudk prodacts, edible anls, meat, epps, fish, sugan, salt, and other
foods Txpenditures onctheseatems as well asrent and taves were deduected hrom total consumption expenditures to
ohtain nontood consumption expershitnres

o years tor which NSS data were not avabable were onuited

" The pure prace eltect ol anncrease i food poces anthe demand tor nontood ttems has been tound to he negative
See Radhaknshoa, Demand Fanctions and Then Imphications,” pp 199210, Tohn W Mellon, “Food Price Policy
and Income Distobution i L ow - ncome Countoes ™ Feonomue Developmen:t and Cultural Change 27 {October 1978) 1 26,

Oneway of separating the pure poce etfect from the kind ot imcome etfectretened 1o here is toimtoduce the
mdex mudtphied by tenms of tade - notthemndes ol apoesltaatoutpat - as anmdependent variable tomdicate the
bruying power of agnculinge 11 alongwath this vanable, the price of toodgrams is introduced, the two eftects can be
separated
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is substituted for by the index of marketed
surplus (MKS) as an independent variable, 13
The revised cquation is:

Rural nonfood expenditures -

432.584 + 36.564 MKS, , + 15.806 1T, |
(4.04) (2.47)

R = 0.87.

Both independent variables are significant
in this equation also.

In estimating the demand for urban
nonfood expenditures, income originating
in the nonagricultural scctor (Y.} and the
foodgrain terms of trade (FGTT), which are
defined as the ratio of the price of food to
the price of manufactured tinished products,
are included as independent variables, Thus,

Urban nonfood expenditures -

1L114.43 +0.234 Yy, , - 5.275 FOTT |
(3.18) (1.24)

)
<

R - 0.58.

As is to be expected, the coefficient of
income is positive and the cocfficient of
foorlgrain terms of trade is negative, though
the latter variable is not statistically sig-
nificant,

The mdjor item included in nonfood
expenditures is cloth consumption, The
equation for rural demand for cloth is;

Rural cloth consumption

491,516 + 3475 AQ, | ¢ 8.190 TT, |
(1.78) (7.2)

2
R = 0.90.
The equation for urban demand for cloth is:

Urban cloth consumption -

68.084 1+ 0.037 Yy,
(5.42)

0.341 FGTT,
(0.84)

K - 0.86.

Income or the proxy for income in both
equations has a paositive coefficient, whereas
the terms of trade have a positive coefTicient
only for rural consumption. The foodgrain
terms of trade have a negative (though not
statistically significant) coefficient for urban
consumption.

Savings and Investment Linkagc:

Agricultural performance may affect the
cconomy by influencing savings and in-
vestment. The effects on government and
on households should be analyzed separately.
The savings of government will he influenced
hy agricultural output, industrial output,
and the terms of trade. Rises and falls in
output have immediate effects on govern-
ment revenues and eventually affect govern-
ment expenditures, For instance, a scvere
decline in agricultural output may force the
government to undertake relief measures,
thereby increasing government expenditures,
The terms of trade, particularly for food-
grains, also affect government expenditures
through their effect on allowances payable
to government employees.'® As a rule, one
expects agricultural and industrial output to
influence government savings positively and
the foodgrain terms of trade (o influence
them negatively. Both influences may work
with a lag.

The household sector includes individ-
uals and all noncorporate forins of business.
Houschold savings are largely influenced
by income. The etfect of the terms of trade
on houschold savings is analogous to their
cffect on the demand for industrial con-
sumption goods. Kinal savings are influenced
positively wheveas urban savings are in-
fluenced negedively. A survey conducted by
the National Council of Applied Econoniic
Rescarch (NCAER) shows that in 1967/68
net rural and urban savings were Rs 1,296
crores and Rs 708 crores respectively. !
Thus rural savings were 1.83 times higher
than urban savings. If this is the pattern of

U Date onthe index of marketed surplus were tiken from R. Thamarajakshi's article "Role of Price Incentives in
Stimulating Agnculiural Production ina Developing Economy,™ in Food Eneugh or Starvation for Millions. ed. Douglas
Ensminger (Columbia, Mo, University of Missouri, 1976), pp. 325-479.

" Government savings s a percentage of tax revenue fell from 18 pereent in 1965/66 to 12 percentin 1966/67 andto

9 pereent in 1967708,

1" . - n . . : . . L -
National Council of Applied Economic Research, All India Household Survey of Income. Savings, and Consumer

Fypenditure (New Delhi: NCAER, 1972), p. 81
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houschold savings, the total effect of the
terms of trade on household savings and,
therefore, investment can be positive.

The effect on the corporate sector can be
traced directly to investment. Qutput, hoth
agricultural and nonagricultural, will in-
fluence corporate investment  positively
through the effect on the demand for in-
dustrial goods. An increase in agricultural
prices relative to industrial prices will have a
negative influence. There are two reasons
for this. First, a relative increase in nonfood-
grain prices adversely atfects the profitability
of agriculture-based industries by increasing
the costs of production. Second, a relative
inccase in foodgrain prices may push up
the wage costs, reducing profitability.

During the period 1961-65 the average
of the index of the net barter terms of trade
between agriculture and industry was 104.6.
During the period 1966-70 the average of
the index was 123.48. For 1,259 medium and
large public limited companies surveyed hy
the Reserve Bank of India during 1961-65,
the average profits were 10.3 percent of total
capital employed. During 1966-70 this per-
centage, for 1,420 medium and large public
limited companies, fell to9.4. Industries not
dependent on agricultural inputs are ad-
versely affected only by an increase in
foodgrain prices. Agriculture: based indus-

tries are affected not only by the prices of

foodgrains but also by the prices of non-
foodgrain agricultural products. Profits as a
percentage of the total capital employed fell
more conspicuously in a;ﬁ'ri('nlmrv-lmsr'(l
industries than in others.!

The estimated equations relating to house-
hold and government savings and corporate
investment are presented below. Savings are
measured in constant prices. Current price
figures are deflated by the implicit invest-

ment cost index of the Central Statistical
Organization. The data used cover the period
1952/53-1972/73. For the household sector,
two independent variables are used—the
inde . of national income in constant prices
(NYI} and terms ot trade (TT). The same
independent variables are used to explain
corporate investment. For government sdav-
ings, in addition to national income, the
foodgrain terms of wade are used as an
indenendent variable.!?
Therefore,

Household savings -

2,910.25 + 27.07 NYI, , + 17.32 TT, |
(7.2) (2.2)
R 0.93:

Government savings =

122.667 + 10.3 NYI,
(10.91)

~ 425 FGTT, |
(2.81)

- 0.88;

and

Corporate investment =

451.66 + 8.86 NYI, , ~ 9.78 TT, ;
(6.68) (3.51)

R - 0.74,

Income has a positive effect on the
savings of both houscholds and government.
The teyms of trade have a negative effect on
investment in the corporate sector and on
government savings, whercas they have a
positive influence on household savings.

" For an analysis of thus problem, see Ashok Mitra, ferms of Trade and Class Relations: An Fssay in Polincal Economy
(London Frank Cass, 1977), pp. 147-158. Also see John W Mellor, The New Feonomes of Growth A Strategy for India
and the Developng World (1thaca, N.Y. Comell University Press, 1976), pp. 138141

" the total terms- of - trade vanable and the foodgrain terms- of - trade variable used in these equations are taken from
Thamarajakshe, “Role of Pice fneentives ” She defines the total terms of trade as the net harter terms of trade of all
products traded hetween agniculture and nonagnieulture. The toodgrain terms of trade are detined as the ratio of the
price ot toodgrains to the priice of nonagneultural products purchased hy agnicultoe
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5

THE MACROECONOMIC MODEL

In constructing a model to study the
effects of agricultural performance on in-
dustrial growth, the three types of linkages
mentioned above are kept in mind. Because
the primary aim of the study is to determine
the influence of agriculture on industry,
agricultural output and its components,
foodgrains and nonfoodgmins, are treated
as exogenous variables.?

In this model national income is deter-
mined by agricultural and industrial output.
Because agricultural output is treated as
exogenous, the most important variable to
be determined within the system is industrial
output. The features of this model that
distinguish it from others are the decomposi-
tion of total industrial output into consump-
tion goods and basic and capital goods and

Table 3— Equation system of the model

the separate determination of the output of
each segment. The output of consumption
goods is directly determined by certain
income factors, and the terms of trade
hetween agriculture and industry are also
determined endogenously. The output of
basic and capital goods is derived from the
influence of agricultural output and the
terms of trade on investment by different
sectors of the economy.

The Equation System

The equations used in the model are
presented in Table 3. EqQuation(l) states that
the index of national income is determined

Equation

Number Equation
1 NYE = a, ¢ a, AQl v a, 1Q1 + U,
2 ICH b, b 1QL | ¢bAQL , + b FGTT, | + U,
3 FGTT » ¢, v ¢ 1Q1, | v ¢, NAFG, + ¢, ICT, + Uj,
4 NFGTT =+ d ICT d,NFI o dg DMRMI ¢ U
5 TT ¢, FGTT, « ¢, NFGTT,
6 GCFHH - g« g NYL o, TT |+ U
7 GCFPC~h v h NYL, |« D TT, | o U,
8 DSAVPU, -~k ek NYI v K FGTT v Uy
9 GCFPU = I+ 1 DSAVPU « [, DKIE ¢+ I T « U,
10 GCE, » GCFPC, + GCHUI, v GCEPU,
11 IBKI = m, «m GCE+ m, MKl + U, |
12 10, -0, n, ICI v 0, IBKI v U,

Note: The variables are defined in Appendix 1.

2 1t is possible to make agricultural output an endogenous variable by making it a function of past investment and
the terms of trade between agriculture and industry, which dare determined within the system, and certain other
exogenous variables, such as weather. For one such attempt see Isher J. Ahluwalia, Behavior of Prices and Output in
India (Madras: The Macmillan Company of India, 1979). However, because this paper stresses the effects of
agriculture on industry, agricultural output is treated as an exogenous variable in the model.



by the indexes of agricultural output and
industrial output. This is treated as a sto-
chastic equation, and not as an identity,
because the third component in national
income—income originating from the ser-

vice sector—is determined hy the output of

the other two sectors,?!

Equations {2). (3), and (4) determine,
respectively, the output ol industrial con-
sumption goads, the ratio of food prices to
the prices of manufactured consumption
goods, and the ratio of nonfood prices to the
prices of manufactured consumption goods.
These three equations have been derived
veing certain assumptions about the behavior
Gi these markets, According to equation(2),
output of industrial consumption goods in
the current period is determined by demand,
which is dependent on agricultural output.
industrial output, and the ratio of food
prices 1o those of manufactured consump-
tion goods, all of the previous year.?? Equa-
tion (3) is derived from the relationship
between prices of manufactured consump-
tion goods and the output of consumption
goods, on the one hand, and between food
price and the availability of food and demand
for food, on the other. As the supply curve

U consider the following identty:

NYL o) AQL a, 1Q1 - ap SL

of industrial consumption goods slopes
upward, the price of industrial consumption
goods will rise as output determined by
demand increases. In the foodgrain market,
supply is fixed exogenously. The price of
foodgrains is therefore determined by de-
mand factors and supply. Demand factors
influence the price of foodgrains positively
and supply negatively.??

Thus the ratio of food prices (o the price
of manufactured consumption goods is de-
pendent on three variables: the industrial
output of the previous year, the net avail-
ability of foodgrains in the current year, and
the output of consumption goods in the
current year. The industrial output of the
previous year affects the ratio positively
hecause it pushes up the price of food
through increased demand for food. The net
availahility of foodgrains (which includes
the domestic output of the previous year
and imports of the current year) has a
negaiive effect, as the price of food falls
with increased availability. The output of
consumption goads has a positive influence
on the price of manufactured consumption
goods and therefore a negative effect on the
ratio of foodgrain price to the price of

where NYIL AQL and 1Q1 have the same meaning as before and St is the index of income originating from the service

sector. Suppose that
SIoh,« b oAQL b 1QE UL

Then, it the latter 1s substituted for the former,

NYL a b, -, ca b AQl-(a, v oag b1 a U

2 Chapter 3 ditferentiates hetween rural and urban nontood consumption expenditures, showing why the ratio of
agricultural prices to the prices ol manutactured goods has differenteffects in rural and urban areas. Logicatly, that
dichotomy should have been used in the tmacro model also. Untortunately there are not cnough data available to
burild & separate series showing consumption of industrial consumption goods in rural and urhan areas. Therefore,
only one equation s used . The inclusion of the foodgrain terms of trade of the previous year in equation (2) also
needs some explanation. What this equation implies is that demand of industrial consumption goods in the current
year is deternuned by tae effective income of the previous year This income s decomposed into two parts —output
and relative price

B The market for foodgrains may he specified:

il
Eooa hpocclql (demand for tood),

¢ S¢ (supply of foodgrains), and

1 . ) .
I F {equilibnom condition),

where F s the quantity of foodgrams, p, is the price of foodgrains, and Q1 is the indey of industrial production. In
the demand equation the appropnate income variable is taken as the index of industrial production. 1t follows from
this that

p, b EhE e @hIQL



manufactured consumption goods.
Similarly, in equation (4) the ratio of the

price ol nonfoodgrains to the price of

manufactured consumption goods is nega-
tively influenced by the availability of non-
foodgrain output and the importation of raw
maierials. The output of industrial con-
sumption goods will affect both the numer-
ator, which is the price of nonfoodgrain
output, and the deaominator, which is the
price of manufactured consumption goods.
The sign of the coeficient of this particular

variable depends on the relative effect of

the output of manufactured consumption
goods on the vrice of nonlood agricultural
output and the price of manufaciured goods.
Equation (2), together with equdtion (3),
implies that the price of industrial con-
sumption goods in the current period is
adjusted to the amount of output determined
by demand. However, in the next period the
current-period price influences demand for
industrial consumption goods. Thus, it be-
comes clear that the output of manufactured
consumption goods over time is not deter-
mined by demand factors dalone,

Equation (5) is simply an identity that
treats the terms of trade between agriculture
and industry as a weighted average of the
ratio of lcod prices to the price of manu-
factured consumption goods and the ratio
of nonfood price to the price of manufac-
tured consumption goods. The weights de-
pend on the output of iovodgrains and
nonfoodgrains, which in the model are
treated as exogenous. In fact, equation (5)
could have been avoided altogether and the
twoterms of trade variables could have heen
introduced separately wheve appropriate.
But, in estimating some ol the equations,
the introduction of two sepdrdte variables
raises problems of multicollinearity,

Equation{6) relates the gross fixed capital
formation of the household sector 1o the
national income and terms of trade hetween
agriculture and industry, hoth of the pre-
vious period. Note that the gross fised
capital formation of the household sector
also includes investiment on tarms. There-
fore, ac argued in Chapter 3, the terms-of-
trade vasiable is expected to have d positive
influence. Equation (7) makes gross capital
formatica ot the private corporate sectoy
dependent on national income and the
terms of trade ol the previous year. The
terms-of - trade variable is expected to exer-
cise a negative intluence on profitability

and therefore on investment by the corporate
sector.

Equation (8) determines the savings of
the public sector. The nationdgl income of
the previous period and the foodgrain terins
of trade of the previous period are used as
explanatory variables, The former variable
is expected to have a positive effect and the
latter a negative ¢fect, as has already been
explained. Equation (9) relates the gross
capital formation of the public sector to the
savings of the public sector, capital inflows
from abroad, and a time trend, which is
added to express the planners” intention to
continue increasing public investment.,

Equation (10) is an identity, stating that
total gross capital formation is equivalent to
the sum of the gross capital Foriation by the
houschold, corporate, and government sec-
tors. In equation (11}, output of basic and
capital goods is related to gross capital
formation and o imports of capital goods.
The former has a positive influence and the
latter a negative influence,

In equation (12, total output of industrial
production is made a function of the output
of industrial consumption goods and the
output of capital goods. Like equation (1),
cquation (12} is treated as a stochastic
cquation and not as an identity, becduse
output of intermediate goods is taken to he
determined indirectly by the output of in-
dustrial consumption goods and of basic
and capital goods.

This model does not incorporate the
output effect of investment. Nor is money
introduced in the model because hehavior
is linked to relative price ratios. Figure 1 isa
diagrammatic representation of how the
model works. Total agricultural output—
foodgrain output, nonfoodgrain output,
capital inflows, imports of foodgrains, raw
materials, and capital goods-—is treated as
exogenous. The terms of trade, the output of
industrial consumption goods, the output
of basic and capital goods, the output of
industrial production, the gross fixed capital
formation of the various sectors, and national
income are endogenously determined,

The Estimated Equations

The model uses observations for the
period 1961-72. This period was chosen
because uniform data are available for the
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Figure 1—Structure of the model
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entire period. Although the number of ob-
servations is limited, the period represents
vears ol industrial growth as well as decline
After 1972 theve was o change in the weights
attached 1o basic and capital goods and
consumption goods. making it extremely
difficult 1o construct a4 series for later years
with the earlier weights, Furthermore, con-
sistent data for the components of gross
fixed capital formation are not availahle,
"he precisc definition of the variables used
in the model are given in Appendiy 1,

Al the equations are estimated using
ordinary least squares (see Table d), Becanse

Table 4— Estimated equations

the model is recursive, this procedure is
admissible, Inaddition, the correlations
netween the residuals have heen examined
‘o make sure this procedune is legitimate, 24
In order to test the degree of independence
among contemporary disturhances, the cov-
relation mdtrin of ervors was estimated, A
the 1 percent level of significance, none of
the errors are correlated with one another,
Atthe s pereent level, there ared correlations
out of a total ol 45 that are significant.
When the equations concerned are rees-
timated using two-stage least squares, the
resulting equations are not very different

Equation ,

Number Equation R DW.
1 NYL 9664 - 0343 1Q1, 0542 AQl 0.99 2.38

(21 9) 3072)
2 1T, 4868 - 0612 101 - 047 QL 0094 FGIT, 0.97 1.94
(9 68} {3 94) {1 6O)
3 FGTT, 110274 0505 NALG - 2 0130Q1, 207 Il 0.71 2.00
{0426} {3 36) (1.78)
4 NFGET, 132990 - 0893 J0l 1062 NFI | 0,167 DMRMI 0.56 0.88
(3470 (1o {1.02)
5 T 046 FGTT - 0550 NEFGTT
6 GORHH, 2.196.0 11679 NYIL 18518 1T, 0.93 2.90
(340} {6.06)
7 GCEIPC 535 116 - 4430 NYI 200 HL 0.40 24
(233) (3.07)
8 DSAVPU 134483 - 6 113 NYE L89G FGIT [ R 1.19
(3 9ty (1.77)
9 GUEPU 245277« 110 DSAVEPU, 39751 - 06065 DRI, 0.57 1.38
{2 06) (244 {1.86)
10 GUE GUHITH - G Pe - Gel e,
B IBKI, 1708 - 0060 GOE - 0048 \IK] 0.98 2.00
o 22) (1)

12 Q1 10189 0508 IBKL - 0379 101, 0.99 117

(23 (L 72)

Notes  The variables are defined i Appendin T The numbers i parentheses are t-statistics. The equation numbers

refer 1o the equations m Table 3

Hnarecursive system, ordman feastsquares canhe used 1o estitmate the equations, provided the error terms of the
equations areandependent The Provimine Thearem of Wold somewhat maodifies the rigor of these codhiions: As
Frankhn M Bisher pata, I all terms above the dragonal in A are nearly 2e10. Eoross equation covariance between
contemporan disturbanees s small and it there s hitle senal conelation, crdinary least squares will not do too
badlv 7 (branklin M Fisher “Dyviamie Structure and Fstimation in Models e The Brookmgs Quarte Iy Foonometne
Model of the Untted States. ed 1S Duesenbeny. £ Kok, G bromm, and LR Kem [Chicago. Rand MoMally, 1963),

PS5t
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from the estimates obtained with ordinary
least squares.

The coefficients in the various equations
are in agreement with expectations. Output
of industrial consumption goods is posi-
tively influenced by the industrial output
and the agricultural output of the previous
year. These two variables represent the
effects of income. Both dre statistically
significant. The foodgrain terms of trade of
the previous year have a negative impact,
An alternative formulation of the same
equation used marketable surplus as an
independent variable instead of total egri-
cultural output. This, however, did not ex-
plain any more than the equation used <%

In determining the foodgrain terms of
trade, industrial output of the previous year
has a positive effect and the availability of
foodgrains has a negative one. The output
of industrial consumption goods has a negd-
tive sign, as is to be expected, hecause it
must influence positively the denominator
of the ratio. The nonfoodgrain terms of trade
are positively influenced by the output of
industrial consumption goods. This variable
affects both the numerator and the deanom-
inator of the ratio. The net effect is positive,
The availahbility of nonfoodgrains and the
importation of raw materials have negative
influences.

The terms of trade positively affect fixed
investment by houscholds and negatively
affect fixed investment by the corporate
sector 26

Income has a positive influence on fixed
investment by the household and corporate
sectors. Public savings are positively in-
fluenced by the national income of the pre-
vious year and negatively influenced by
the foodgrain terms of trade of the previous
year. Public sector fixed investment is posi-
tively influenced by public savings, capital
inflows, and the time trend. Output of basic
and capital goods is positively influenced
by gross fixed capital formation, which is
the sum of gross fixed capital formation in

the housechoid, corporate, and public sectors.
Imports of capital goods have a negative
impact on output of basic and capital goods.

The explanatory power of most of the
cquations judged by the value of R is
sdtisfactory. The D.W. statistic is inconclusive
in only four equations. For the rest of the
cquations, the hypothesis of autocorrelation
can he rejected. The performance of the
model is tested in Simulation | by simulating
it for the sample period, using the estimated
equations and incorporating the given values
of the exogenous variables. The dactual and
simulated values for all the simulations are
givenin Appendix 2, Tables9-14, and charts
depicting the behavior o/ the actual and
simulated series are provided in Appendix 3,
Figures 2-7.

Simulations of the Model

The two series correspond closely for
most of the variables. To compare the per-
formance of the simulated series with the
actual series in relation to the endogenous
variables, the mean absolute error and the
mcanz(;hsolule percentage crror are calcu-
lated:

Mean Mean
Absolute Absolute
Variable Error Percentage Error
NY] 1.18 0.954
1QI 3.73 2.47
1BKI 6.68 3.93
ICI 2.63 2.12

Both are found to be small.

It is, however, more instructive 1o look
at the rates of growth, Table 5 gives the
growth rates of some of the variables. The
actual growth rate of national income was
about 3.3 percent 2nd the simulated growth

B 1f marketable surplus is used as an independent variable. one can relate it at the next stage 1o total agricultural
output and income distribation. 1t may then be possible to study the impact of income distribution on the entire
system. The link between marketable surplus and the terms of trade and the relative share of labor is discussed in
Uma Lele and John W, Mellor, “Technological Change, wiscibutive Bias ar . Labor Transfer in a Two Sector
Economy,” Ovford Eccnomic Papers 33 (November 1981): 426-441.

% The explanatory power of the equation relating to gross fixed capital formation in the private corporate sector is
not good. However, when the time period is extended to begin in 1952/53, the same equation offers a significantly

better explanction. as can be seen in Chapter 3,
7 The variables are defined in Appendix 1,
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Table 5—Actual and simulated gruwth rates of selected variables, 1961-72

Variable Actual Simulation | Simulation 1V Simulation ¥/
NYI 3.27 3.101 3.122 3.811
1Ql 5.00 4.579 4.625 5.079
IBK1 6.02 5.389 5.404 5.803
IC1 4.15 4.016 4.155 4.772

Sources: Calculations from data in India, Fconomic Survey. various issues{Delhi: Controller of Publications, various

Notes:

years); Reserve Bank of India, Report on Currency and Finance, various volumes (Bombay: Reserve Bank of
India, various years); R. N. Lal, Capital Fonnation and Its Financing in India (Columbia, Mo.: South Asia
Books, 1977); Vidya Pitre, A Study of Trends in India’s Imports: 1960-61 10 1974-75,” Economic and Political
Weehly, May 9, 1981, pp. 851-862; and isher . Ahluwalia, Behavior of Prices and Qutput in India (Madras: The
Macmillan Company of India, 1979).

The figures in this table are the growth rates of time series that have been computed using semi-log
equations. NY! stands for the index of national income; itis in 1960/61 prices. 1QI stands for the index of
industrial production; 1960 equals 100. 1BK! stands for the index of the output of the basic and capital
goods industries; 1960 equals 100, 1C] stands for the index of the output of the consumer goods industries;
1960 equals 100.

Simulation 1 is the basic model described in the text. Simulations 1V and V use that model, but
Simulation IV assumes a steady increase in agricultural output and Simulation V raises the growth rate of
agriculture by | percent

rate was 3.1 percent. The actual rate for
industrial production was 5.0 percent, whereas
the Simulation I rate was 4.6 percent.

The year-to-year rates of growth in na-
tional income and different components of
industrial production for the actual and
simulated series are also computed (see
Table 6). The declines in national income in

1965 and 1972 are captured in the simulated
series. However, the crucial test of the
model is in relation to industrial production.
The sharp decline in the rate of growth in
industrial production in 1966 is captured by
the simulation. In 1967 industrial production
showed asmall negative growth rate whereas
the simulation shows a slight positive change,

Table 6—Actual and simulated annual growth rates in national income and

industrial production, 1962-72

Qutcome of the Outcome of the

Industrial Consumer Goods Basic and Capital
National Income Production Industries Goods Industries
Year Actual  Simulation [ Actual  Simulation | Actual  Simulation ] Actual  Simulation |
1962 1.9 2.0 9.7 7.6 1.3 9.7 18.9 7.5
1963 5.6 3.6 8.3 5.8 2.2 3.1 13.1 8.1
1964 7.5 7.6 8.6 5.4 7.4 3.8 99 23
1965 -5.1 5.0 9.2 9.3 7.5 7.4 12.1 11.5
1966 0.9 0.3 04 0.6 29 -0.05 -2.6 09
1967 8.2 11.1 0.4 2.6 4.3 1.9 0.2 5.3
1968 2.9 22 6.8 7.1 4.9 8.7 7.8 7.0
1969 6.3 3.7 7.5 1.1 10.1 5.8 6.5 1.2
1970 59 0.6 5.1 7.0 6.4 2.6 4.7 10.1
1971 [.1 1.9 09 4.9 3.2 7.9 34 39
1972 1.3 29 7.1 2.2 4.7 3.8 8.4 1.9

Sources: Calculations from data in India, Economic Survey, various issues{Delhi: Controller of Publications, various

years): Reserve Bank of India, Report on Currency and Finance, various volumes (Bombay: Reserve Bank of
India, various years), R. N. Lal, Capital Formation and Its Financing in India (Columbia, Mo, Scuth Asia
Books. 1977); Vidya Pitre, " A Study of Trends in India’s Imports: 1960-61 10 1974-75," Economic and Political
Weekly, May 9, 1981, pp. 851-862; and Isher J. Ahluwalia, Behavior of Prices and Output in India {Madras: The
Macmillan Company of India, 1979).
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For basic and capital goods, however, thete
are large differences between the two series
in the year-to-year growth rates.
Simulation 1, the basic simulation of the
model, assumes that the disturbance term
attached to cach equation takes on the
expected value, which is zero. Such simula-
tions are deterministic. On the other hand,
stochastic simulation takes into account
the presence of the stochastic element in
each Dbehavioral equation. In this type of
simulation, a random value from a normal
distribution with mean zero and variance
equal to the estimated variance of the dis-
turbance is added to cach equation.?8 The
model is also simulated stochastically for
the sample period. Each stochastic simula-
en experiment is replicated 60 times to
obtain the mean values of the variables.

Table 7 shows that the mean values obtained
through stochastic simulation are in close
agreement with the deterministic solution.
The mean absolute percentage error between
the two series is almost negligible, In the
subsequent simulations, which study the
effects of certain variables on the total
system, only the deterministic simulation is
used. In all, five simulations are included.
Table 8 compares the simulated trends in
national income.

Effects of a One-Time Increase in
Agricultural Output

To study the effect of an increase in
agricultural output in one year, the index of
agricultural output—both foodgrain and
nonfoodgrain output—israised by 1 percent

Table 7— Deterministic and stochastic simulations, 1961-72

NY! 1Q! 1BKI 1Cl
Deter. Mean Deter- Mean Deter- Mean Deter- Mean
ministic  Stochas: ministic  Stochas- ministic  Stochas- ministic  Stochas-
Simula-  tic Simu- Simula-  tic Simu- Simula.  tic Simu- Simula-  tic Simu-
Year tion lation tion lation tion lation tion lation
1961 105.09 105.02 115.45 115.15 130.99 131.74 102.15 100.88
1962 107.22 106.66 124.20 122.99 140.87 138.99 112.02 111.32
1963 11103 110,97 131.35 131.14 152.33 151.43 115.51 11541
1964 119.47 11876 138.42 136.89 162.97 159.80 119.89 120.41
1965 113.49 112.76 151.31 149.20 181.74 178.24 128.77 127.65
1966 113.84 113.13 152,19 150.53 183.50 180.92 128.71 126.80
1967 126.42 126.25 156.16 155.76 193.19 192.80 126.19 125.52
1968 129.24 128.79 167.22 165.77 206.74 203.37 137.22 137.41
1969 134.02 134.30 168.98 169.62 204.28 205.60 145.16 144.41
1970 142.93 14283 180.89 180.44 224 88 223.27 148.97 149.66
1971 145.72 145.51 189.83 189.38 233.65 223.02 160.82 159.94
1972 141.49 141.71 194.09 194.69 237.92 239.53 166.24 165.60
Mean
absolute .
error ().356 .356 0917 0.917 1.810 1.810 0.786 0.786
Mean
absolute
percent-
dge error 0.294 .294 0.606 0.606 0.997 0.997 0.608 0.608

sources: Calculations hased on data in India, Economic Sunvey. various issues (Delhi: Controtler of Publications,
various years); and Reserve Bank of India, Report on ¢ :rrency and Finance, various volumes (Bombay:

Reserve Bank of India, varioo years).
Notes:

NYI stands for the index of natonal income; it is in 1960/61 prices. 1Q1 stands for the index of industrial

production; 1961.62 equals 100, IBKI stands for the index of the output of the basic and capital goods
industries: 1960 equals 100, 1CT stands for the index of the output of the consumer goods industries; 1960

equdls 100

#® For an examination of the role and purpose of stochastic simulation see Eric R. Sowey, "Stochastic Simulation of
Macro Econometric Models: Methodology and interpretation” in Econometric Studies of Macro and Monctary Relations.,
ed. Alan A, Powell and Ross A, Williams (New York: Elsevier-North Holland, 1973), pp. 195-227.
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Table 8— Simulated trends in national income, 1961-72

Simulation IV Simulation V

Year Simulation | Simulation I1 Simulation 111

1961 105.089 105.089 105.089 102.23 105.65
1962 107.224 107,224 107.224 105.97 108.52
1963 111.032 111.595 111.058 109.96 113.13
1964 119.472 119.660 119.483 113.70 123.01
1965 113.488 113.497 113.498 117.96 117.33
1966 113.842 113.883 113.849 123.94 118.39
1967 126.423 126.444 126.428 127.59 132,52
1968 129.241 129.258 129.245 130.24 136.47
1969 134.019 134.030 134.022 132.99 142,61
1970 142.927 142,936 142.929 137.12 153.29
1971 145.724 145.731 145.725 140.45 157.43
1972 141.492 141.497 141.493 143.60 153.66

Sources: Calculations from data in India, Economic Survey. various issues(Delhi: Controller of Publications, varicus

Notes:

years); Reserve Bank of India, Report on Currency and Finance, various volumes (Bombay: Reserve Bank of
India, various years); R. N. Lal, Capital Formation and its Financing in Indig (Columbia, Mo.: South Asia
Books, 1977); Vidya Pitre, " A Study of Trends in india’s Imports: 1960-61 to 1974-75.” Economic and Political
Weekly, May 9, 1981, pp. 851-862; and Isher J. Ahluwalia, Behavior of Prices and Output in India (Madras. The
Macmillan Company of India, 1979).

simulation 1 is the basic model described in the text. The other four simulations add different assumptions
10 that model. Simulation 11 adds a 1 percent increase in foodgrain and nonfoodgrain output in 1963.
Simulation 11 raises the foodgrain terms of trade in 1962 by one. Simulation [V assumes a steady increase

in agricultural output. Simulation V raises the growth rate of agriculture by 1 percent.

in 1963, and to study its effect over a period
of time, a second simulation is attempted.
In 1963, the year in which agricultural outprit
is increased by | percent, national income
is0.51 of I percent higher under Simulation
11 than under Simulation I. In the following
year income is 0.16 of | percent higher (see
Table 8). The total effect spread over a
number of years will increase income by
0.76 percent, Because incomne originating in
agriculture during this period constituted
only 50 percent of the national income, the
rest of the increase in income must have
been contributed by the effect of agriculture
on the rest of the economy.

Effects of Foodgrain Terms of Trade

As stated before, the foodgrain terms of
trade affect irdustrial production through
the demand for industrial consumption goods
and for basir. and capital goods. The effect
on consumption goods is direct. The effect
on basic and capital goods is reflected
through the impact on savings and invest-
ment, To assess the total effect on the
system, thesc two effects must be combined.

The foodgrain terms of trade are treated
as an endogenous variable in this system.

Their effect on the system can be studied by
raising the constant term in the foodgrir.
terms of trade equation by one and thei.
tracing its effect on the total system. Thus,
the model is simulated by increasing the
constant term by one for the year 1962. This
is Simulation 11I. Then the differences in
national income that arise as a consequence
are studied (see Table 8). The predicted
values for five selected variables are given
in Appendix 2, Table 12.

Increasing the foodgrain terms of trade
by 1 in 1962 causes the index of national
income to rise by 0.023 in 1963. In the
second year the index of income goes up by
0.009, in the third year by 0.008, in the
fourth year by 0.006, and in the fifth year by
0.004. The negative effect of a rise in the
foodgrain terms of trade on consumption
goods is almost compensated for by the
positive effect such a rise has on savings
and investment and therefore on the pro-
duction of basic and capital goods. Simula-
tion results show that the net effect of arise
or fall in the foodgrain terms of trade on the
economy is negligible. It must be ..oted,
however, that the construction of the model
ignores the effects of changes in the foodgrain
terms of trade on production. If, in fact,
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production increases as a result of a rise in
the foodgrain terms of trade, the positive
effect may increase.29

Effects of a Steady Increase in
Agriculture

To study the impact on the economy of a
steady increase in agricultural output during
this period, the actual values of agricultural
output are replaced in Simulation 1V by the
values obtained by fitting a trend line.
(Table 5 shows the growth rates of four
select variables under this simulation.) The
predicted values for five select variables are
given in Appendix 2, Table 1 3. With a steady
increase in agricultural output, national
income increases by 3.12 percent a year,
compared with 3.10 percent in Simulation 1
(see Table 5). Because no changes have
been made in the annual imports of food-
grains, *he steady increase moderates the
fluctuations in the foodgrain terms of trade.
For example, the foodgrain terms of trade
according to Simulation | were 155.61 in
1966 and 162.49 in 1967, But with a steady
increase in output and the same amount of
imports, the foodgrain terms of trade for
these two vears were 133,99 and 143.23. The
foodgrain terms of trade in Simulation IV are
higher than in Simulation 1 in the later years
because output is lower in those years,
according to the trend.

Effects of an Increase in the
Agricultural Growth Rate

what would have been the effect on the
cconomy if the growth rate in agriculture
had been | percent higher? According to the
data for agricultural output, the annual rate
of growth during the period studied was2.35
percent. The model is simulated using a
growth rate in agriculture of 3.35 percent.
After obtaining trend values for the new
grewth rate, deviations from the trend are
superimposed in the same proportions as in
the historical period. This new set of data is
used for agricultural output and then the
model is simuloated (Simulation V). (The
growth rates for four select variables from
this simulation are found in Table 5.) The
effect on national income is shown in Table
8 and Appendix 2, Table 14 and contains the
predicted values for five variables. The
growth rate of national income in this
simulation is 3.81 pcreent, compared with
3.10 percent in Simulation 1. The growth
rate of industrial production increases from
4,58 percent to 5.08 percent. The effect on
industrial consumption goods is greater
than that on basic and capital goods. One
can conclude from this, as well as from
Simulation {1, that a I percent increase in
agricultural output has the effect of increas-
ing the national income by a little more than
0.7 percent, These results show that agricul-
ture can act to some extent as a stimulus to
industrial development.

¥ The possible effects on agricultural output of a rise in the terms of trade in favor of agriculture under conditions of
stagnant and changing technologies is discussed in John W. Mellor, “Food Price Policy,” pp. 1-26. Ashok Mitra is,
however, quite emphatic in his conclusion. He writes, “Itis not possibleto argue that, in India, the output of most of
the principal crops has responded positively to the shift in terms of trade in favour of agriculture.” See Ashok Mitra,

Terms of I'ude and Class Relations, p. 121,
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CONCLUSIONM

The primary focus of this study is on
determining the effects of agricultural per-
formance on industrial growth. Agriculture
influences industry in many ways. It provides
the raw materials needed by agriculture-
based industries. It generates direct demand
for the output of consumption goods in-
dustries. It creates indirect demand for the
output of basic and capital goods industries
through its effect on the savings and invest-
ment of the different sectors.

In this report a model is constructed to
evaluate these interacting effects. Appro-
priate lag structures are also introduced.
The model does not explicitly incorporate
the demand for foodgrains that arises as a
result of industrial growth. However, a part
of this effect is captured through the food-
grain terms of trade. Thus the model does
not directly answer the question of what rate
of growth in agriculture corresponds to a
givenrate of growth in industry. [t poses the
question the other way around. It asks what
the impact on industry would be if agriculture
grew at a certainrate. Data covering 12 years
are used to estimate the quantitative relation-
ships. It must be noted at the outset that the
quantitative effects revealed hy the data
depend on the strategies of development
that were actually adopted.

The main conclusion that emerges from
this analysis is that agriculture exercises a
reasonably strong influence on the growth
of industry. The simulations show that a |
percent growth rate in agriculture can by
itself generate arate of growth of 0.5 percent
in industry. This is a strong influence con-

sidering that industrial growth is not totally
dependent on what happens in agriculture,
However, because the ability to raise the
agricultural growth rate is limited, industry
cannot rely on agriculture alone to stimulate
growth.

The effects of agriculture’s performance
are felt by the consumption goods industries
and by the basic and capital goods industries,
The effect on demand for industrial con-
sumption goods is direct. The effect on the
output of basic and capital goods occurs
through savings and investment. The savings
and investment of the different sectors are
affected by the size of agricultural output as
as well as by the terms of trade between agri-
culture and industry. The effects on the
output of the capital and basic goods in-
dustries are less strong than the effects on
the output of consumption goods industries.

Although agricultural output and the
terms of trade bhoth influence industrial
output, this study shows that the net effect
of a rise in the foodgrain terms of trade on
the economy is negligible. The negative
effect on the output of consumer goods
industries is cancelled out by the positive
effect on the output of the basic and capital
goods industries.

The importance of agriculture for industry
lies not only in the raw materials supplied by
agriculture but also in the demand for in-
dustrial output it generates. The quantitative
estimates of the linkages show that the
impulses generated by agriculture can have
an important influence on the rest of the
economy,
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APPENDIX 1
DEFINITIONS OF VARIABLES

AQL: Index of agricultural production;
its base period is the triennium
ending in 1961/62. 1Q1:

DKIF:  Capital inllows; in 1960/61 prices.

DMRMI: Index of inedible crude material
imports, except fuel; 1960/61
prices.

DSAVPU: Savings of the public sector; in
Rs 10 million.

MKI:

NAFG:

FGTT: Index of the terms of trade of food- NFGTT:

grains; B/P .
GCF: Gross fixed capital formation; the NFI:
sum of GCFHH, GCFPC, and GCFPU. ‘

GCFHH: Gross fixed capital formation of
households; in Rs 10 million, NYI:
1960/61 prices.

GCFPC: Gross fixed capital formation of  p.
the private corporate sector; in :
Rs 10 million, 1960/61 prices.

P

GCFPU: Gross fixed capital formation of "
the public sector; in Rs 10 mil- p -

nt*

lion, 1960/61 prices.

IBKI: Index of the output of the basic IT:
and capital goods industries; 1960 ‘
equals 100.

ICI: Index of the output of the con-

28

sumer goods industries; 1960
equals 100.

Index of industrial production;
1960 equals 100.

Imports of capital goods (Rs 10
million) deflated by the unit value
index of capital goods imports.

Net availability of foodgrains; im-
ports of one year plus domestic
production of the year before.

Index of the terms of trade for non-

i P )
foodgrains: P, /P .

Index of nonfoodgrain production;
its base period is the triennium
ending in 1961/62.

Index of national income; in 1960/
6] prices,

Price index of foodgrains; 1961/
62 cquals 100.

Price index of finished manufac-
tured goods; 1961/62 equals 100.

Price index of nonfoodgrains; 1961/
62 cquals 100.

Index of the terms of trade; the
ratio of the price of agricultural
commodities to the price of man-
ufactured finished products.



APPENDIX 2 SIMULATION TABLES

Table 9-—Actual values of six endogenous variables, 1961-72

Year NYI Ql IBKI IC1 FGTT 1T

1961 103.51 109.2 114.4 106.6 100.00 100.00
1962 105.50 119.8 136.1 108.0 101.94 99.32
1963 111.37 129.7 154.0 110.4 109.52 103.24
1964 119.77 140.8 169.3 118.6 135.20 121.20
1965 113.72 153.8 189.8 127.5 132.7% iz2.16
1966 11473 153.2 184.8 131.3 147.54 134.35
1967 124,12 152.6 185.1 125.7 179.53 148.20
1968 12770 163.0 199.6 131.9 152.27 135.90
1969 135.84 175.3 212.6 145.3 147.57 139.14
1970 143.98 184.3 222.6 154.1 138.93 135.14
1971 145.50 186.1 230.8 159.7 134.37 124.75
1972 143.62 199.4 250.1 167.2 147.62 130.98

Sources: Calculations from data tn India, Economic Survey, various issues {Delhi: Controller of Publications, vatious

Notes:

years): Reserve Bank of India, Report on Currency and Finunce, various volumes (Bombay: Reserve Bank of
India, various years); R. N. Lal, Capital Formation and Its Financing in India {(Columbia, Mo.: South Asia
Books, 1977): Vidya Pitre, A Study of Trends in India’s [mports: 1960-61 10 1974-75,” Feonomic and Political
Weehly, May 9, 1981, pp. 851-862; and Isher J. Ahluwalia, Behavior of Prices and Output in India (Madras: The
Macmillan Company of india, 1979).

NYD stands for the index of national income; iCis in 1960:61 prices. 1QI stands for the index of i.dustrial
production; 1960 equals 100, 1BK] stands for the index of the output of the basic and capital goods
industries; 1960 equals 100, 1C] stands for the index of the output of the consumer goods industries; 1960
equals 100, FGTT ctands for the index of the terms of trade tor foodgrains, defined as the ratio of the price
index of foodgrains (196 1,62 equals 100) to the price index of manufactured goods (1961762 equals 100).
TT stanas for the index of the terms of trade, delined as the ratio of the price of agricultural commaodities to
the price of manutactured finished products,

Table 10— Predicted values of six endogenous variables, Simulation I, 1961-72

Year NY! Ql 13Kt ICI FGTT 1T

1961 105.09 11545 130.99 102,15 101.24 100.53
1962 107.22 124.20 140.87 112.00 113.22 110.83
1963 11103 131.35 152.33 115,51 125.04 113.94
1964 119.47 138.42 162,97 119.89 129.41 119.84
1965 113.49 121.31 181.74 128.77 122.65 114.11
1966 113.84 152.19 183.50 128.71 155.61 134.95
1967 126.42 156.106 193.19 126.19 162.49 140.81
1968 129.24 167.22 206.74 137.22 141.45 128.77
1969 134.02 168.98 204.24 145.10 148.92 136.27
1970 142.93 180.89 22408 148.97 142.76 129.42
1971 145.72 189.83 233.65 160.82 140.89 130.67
1972 141.49 194.09 237.98 166.24 147.57 137.76

Sources: Calculations from data in jndia, Feonomue Siurvey: various issues{Dethi: Controller of Publications, various

Notes:

years), Reserve Bank of India, Report on Cunency and Finance, various volumes (Bombay: Reserve Bank of
India, various years); R N. Lal, Caprral Fonnaton and Its Financing in Indig (Columbia, Mo, South Asia
Books, 1977); Vidya Pitre, A Study of Trends in India’s Imports: 1960-61 to 1974-75,” Feonomic and Poliical
Weekly, May 9, 1981, pp. 851-862: and Isher 1. Ahluwalia, Behavior of Prices and Output in India (Madras: The
Macmillan Company of India, 1979)

NYI stands for the index of national income; itis in 1960:61 prices. 1Q1 stands for the indes of industrial
production; 1960 equals 100, IBKI stands for the index of the output of the basic and capital goods
industries: 1960 equals 100, 1C] stands tor the indes of the output of the consumer goods industries; 1960
equals 100, § GTT stands tor the index of the terms of trade Lor foodgrains, defined as the ratio of the price
index of fuodgrains (196162 equals 100) to the price index of manufactured goods (1961/62 equals 100).
TTstands for the indexof the terms of trade, defined as the ratio of the price of agricultural commodities to
the price of manufactured hinished products.

Simulation 1 is the basic model described in the teat.
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Table 11— Predicted values of six endogenous variables, Simulation II, 1961-72

Year NYI Q! 1BK1 ICI FGTT T

1961 105.09 115.45 130.99 102.15 101.24 100,53
1962 107.22 124.20 140.87 112.00 113.22 110.83
1963 111.59 131.35 152.33 115.51 124.69 113.79
1964 119.60 138.97 163.68 120.39 128.38 118.98
1965 113.49 151.34 181.46 129.20 122.91 114.44
1966 113.88 152.31 183.74 128.69 155.68 134.98
1967 126.44 156.22 193.27 126.25 162.60 140.89
1968 129.26 167.28 206.81 137.25 141.52 128.82
1969 134.03 169.01 204.33 145.18 148.97 136.28
1970 142.94 180.91 224.91 148.99 142.80 129.45
1971 145.73 189.85 233.68 160.83 140.92 130.69
1972 141.50 194.09 237.99 166.25 147.59 137.77

Sources: Catculations from data in India, Economic Survey, various issues{Delhi: Controller of Publications, various

Notes:

years); Reserve Bank of India, Report on Currency and Finance. various volumes (Bombay: Reserve Bank of
India, various years); R. N. Lal, Capital Formation and lts Financing in India (Columbia, Mo.: South Asia
Books. 1977): Vidya Pitre, “A Study of Trends in India’s Imports: 1960-61 to1974-75," Fconomicand Political
Weekly, May 9, 1981, pp. 851-862; and Isher J. Ahluwalia, Behavior of Prices and Output in India(Madras: The
Macmillan Company of India, 1979).

NYI stands for the index of national income; itis in 1960/61 prices. 1Q1 stands for the index of industrial
production; 1960 cquals 100, 1BKI stands for the index of the output of the basic and capital goods
industries; 1960 equals 100. 1CI stands for the index of the output of the consumer goods industries; 1960
equals 100. FGTT stands for the index of the terms of trade for foodgrains, defined as the ratio of the price
index of foodgrains (1961/62 equals 100) to the price index of manufactured goods (1961/62 equals 100).
TT stands for the index of the terms ¢ trade, defined as the ratio of the price of agricultural commodities to
the price of manufactured finished producis.

Simulation [ adds a 1 percent increase in foodgrain and nonfoodgrain output in 1963 to the basic model
described in the teat.

Table 12— Predicted values of six endogenous variables, Simulation 11, 1961-72

Year NYI {0]) 1BKI IC1 FGTT T

1961 105.09 115.45 130.99 102.15 101.24 100.53
1962 107.22 124.20 140.87 112.00 114.22 111.27
1963 111.06 131.43 152.55 115.42 125.24 113.98
1964 119.48 138.45 163.01 119.92 129.51 119.89
1965 113.50 151.34 181.79 128.78 122.69 114.13
1966 113.88 152.21 183.53 128.72 155.64 134.97
1967 126.43 156.17 193.22 126.19 162.52 140.83
1968 129.25 167.23 206.75 137.23 141.46 128.78
1969 134.02 168.99 204.29 145.16 148.93 136.25
1970 142.93 180.89 224.88 148.98 142,77 129.43
1971 145.73 189.84 233.65 160.82 140.91 130.68
1972 141.49 194.09 237.98 166.24 147.58 137.76

sources: Calculations from data in india, Fconomic Survey, various issues{Delhi: Controller of Publications, various

Notes:
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years); Reserve Bank of India, Report on Currency and Finance, various volumes (Bombay: Reserve Bank of
India, various years); R. N. Lal, Capital Formation and Its Financing in India (Columbia, Mo South Asia
Books, 1977); Vidya Pitre, " A Study of Trends in India’s imports: 1960-61 to 1974-75." Lconomic and Political
Weekly, May 9, 1981, pp. 851-862; and Isher J. Ahluwalia, Behavior of Prices and Output in India (Madras: The
Macmillan Company of India, 1979).

NYI stands for the index of national income; it is in 1960/61 prices. 1Q1 stands for the index of industrial
production; 1960 equals 100, IBKI stands for the index of the output of the basic and capital goods
industries; 1960 equals 100, 1C] stands for the index of the output of the consumer goods industries; 1960
equals 100. FGTT stands for the index of the terms of trade for foodgrains, defined as the ratio of the price
index of foodgrains (1961/62 equals 100 to the price index of manutactured goods {1961/62 equals 100).
TT stands for the index of the terms of trade, defined as the ratio of the price of agricultural commocities to
the price of manufactured finished products,

Simulation 1t is the basic model deseribed in the text with the foodgrain terms of trade raised by one in
1962.



Table 13— Predicted values of six endogenous variables, Simulation 1V, 1961-72

Year NYI 1Ql IBKI ICI FGTT TT

1961 102.23 H14.34 130.99 99.22 110.23 103.88
1962 105.97 121.56 138.33 108.43 120.42 111.86
1963 109.96 129.41 15043 112.93 124.92 112,32
1964 113.70 136.44 160.20 118.38 128.37 118.92
1965 117.96 144.90 173.08 123.46 131.11 121.96
1966 123.94 158.26 19:4.87 129.49 133.99 123.23
1967 127.59 164.75 200.89 138.54 143.23 132,74
1968 130.24 168.22 204.54 142.82 148.48 134.98
1969 132.99 171.90 209.67 145.65 149.78 134.69
1970 137.12 179.48 222.08 149.00 149.46 133.37
1971 140.45 184.61 227.77 154.94 152.91 136.48
1972 143.60 189.13 233.60 159.04 155.31 141.18

Sources: Calculations from data in India, Economic Survey, various issues {Delhi: Controller of Publications, various

Notes:

years); Reserve Bank ot India, Report on Currency and Finance, various volumes (Bombay: Reserve Bank of
India, various years); R. N. Lal, Capital Formation and Its Financing in India (Columbia, Mo.: South Asia
Books, 1977); Vidya Pitre, " A Study of Trends in India’s Imports: 1960-61 to1974-75," Economic and Political
Weekly, May 9, 1981, pp. 851-862; and Isher ). Ahluwalia, Behavior of Prices und Output in India (Madras: The
Macmillan Company of India, 1979).

NYI stands for the index of national income; it is in 1960/61 prices. 1QI stands for the index of industrial

production; 1960 equals 100. 1BK1 stands for the index of the output of the basic and capital goods

industries; 1960 equals 100. 1Cl stands for the index of the output of the cousumer goods industries; 1960

equals 100. FGTT stands for the index of the terms of trade for foodgrains, defined as the ratio of the price

index of foodgrains (1961762 equals 100) to the price index of manufactured goods (1961/62 equals 100).

“I'stands for the index of the terms of trade, defined as the ratio of the price of agricultural commodities to
e price of manufactured finished products.

Simulation IV is the basic model described inthe text with a trend line added that shows agricultural output
increasing steadily,

Table 14— Predicted values of six endogenous variables, Simulation V, 1961-72

Year NYI Q! IBKI ICI FGTT TT

1961 105.65 115.45 130.99 102.15 100.96 100.34
1962 108.52 124.73 1.41.56 112.49 111.64 109.78
1963 113.13 132.48 153.52 116.90 122.21 114.72
1964 123.01 141.32 166.91 122.26 126.04 117.59
1965 117.33 154.73 185.35 132.95 120.75 112.47
1966 118.39 156.08 187.83 133.18 151.53 132,12
1967 132.52 160.58 197.85 131.60 157.24 137.41
1968 136.47 173.18 213.26 144,19 131.75 123.00
1969 142.61 175.79 21111 153.99 139.02 130.62
1970 153.29 189.28 233.75 159.23 130.64 122.40
1971 157.43 199.91 244.21 173.27 125.88 122.32
1972 153.66 205.51 249.73 180.62 135.48 130.66

Sources: Calculations from data in India, Economic Surnvey, various issues (Dethi: Controller of Publications, various

Notes:

years); Reserve Bank of India, Report on Currency and Finance, various volumes (Bombay: Reserve Bank of
India, various years); R. N. Lal, Capral Formation and Its Financing in India (Columbia, Mo.: South Asia
Books, 1977); Vidya Pitre, A Study of Trends in India’s Iaports: 1960-61 10 1974-75,” Economic and Political
Weekly, May 9, 1981, pp. 851-862; and Isher J. Ahluwalia, Behavior of Prices and Output in India (Madras: The
Macmillan Company of India, 1979).

NYI stands for the index of national income; itis in 1960/61 prices. 1Q1 stands for the index of industrial
prodiuction; 1960 equals 100, IBKI stands for the index of the output of the basic and capital goods
industries; 1960 equals 100 1C1 stands for the index of the output of the consumer goods industries; 1960
equals 100. FGTT stands for the index of the terms of trade for foodgrains, defined as the ratio of the price
index of fooadgrains (1961:62 cquals 100) to the price index of menufactured goods (1961/62 cquals 100),
TT stands for the index of the terms of trade, defined as the ratio of the price of agricultural commodities to
the price of manufactured finished products.

Simulation V is the basic model described in the text with the growth rate of agriculture increased by |
percent.
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APPENDIX 3

FIGURES COMPARING ACTUAL
AND SIMULATED VALUES

Figure 2 — Index of national income, actual and simulated, 1961-72
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Source: India, Foonone Sureey, vartous issues (Delhic Controlier of Publications, various vears).

Note:  Simulation s the basic model described i the text. Simulation Vouses the model but increases the growth
rate of agriculture by | pereent.
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Figure 3—Index of industrial production, actual and simulated, 1961-72
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Source: Reserve Bank of India. Report in Currentey and Fnanee, various volumes (Bombay: Reserve Bank of India, various
vears).
Note:  Simulation s the basic model described in the test. Simulation 'V uses the model but increases the growth

rate of agriculture by T pereent.
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Figure 4—Index of the output of the consumer goods industries, actual and simulated,

1961-72
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Source: Reserve Bank of india, Report on Crireencu aned Finanee, various volumes (Bombay: Reserve Bank of India, various
years)

Note:  Simulation ©is the basic model deseribed in the text. Simulation V' uses the model but increases the growth
rate of agriculture by 1 pereent.
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Figure 5—Index of the output of the basic and capital goods industries, actual
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Simulation 1 is the basic moadel described in the text. Simulation V uses the model but increases the growth

rate of agriculture by 1 percent.
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Figure 6—Foorigrain terms of trade, actual and simulated, 1961-72
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Source: India, Economie Survey, various issues (Delhi: Controller of Publications, various years).

Note:  Simulation |is the basic model described in the text. Simulation Vouses the model but increases the growth
rate of agriculture by 1 percent.
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Figure 7—Terms of trade, actual and simulated, 1961-72
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Source: India, Feonomic Survey. various issues (Delhi: Controller of Publications, various yuears),

Note:  Simulation 1 is the basic model described in the test. Simulation V uses the model but increases the growth
rate of agriculture by 1 pereent.
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