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1. INTRODUCTION

Within the past decade a iderable variety of interindustry p
models have appeared in the literature on economic grow th and devclopment.! Thcse
models have been concerned with the efficient all of i scctors

—and sometimes over time—in the context of the planning of economic growth. Both
because of the particularly pressing problems of growth in low-income regions
of the world, and because of a widespread belief that the market mechanism tends to
be less effective in relatively undeveloped economies, many of the programming models
in the literature have been formulated and tested with data from developing countrics.
India, in particular, has been favoured in this respect : a long-standing commitment
to economic planning, as well as a relatively plentiful supply of statistical data have
made it especially attractive for model-builders,

Many of the programming models to date have been presented in ‘demons-
tration’ or ‘pilot’ studies, where the attention is focussed more on the theoretical
formulation of computable models than on their numcncl\l implementation. The
models applied to India have shared this emphasis on as opposed to empirical
detail. Numerical applications have been carried out on tho basis of a relatively
aggregated interindustry description of the economy, so that the results emerge in
terms of brond scctoral aggregates and macrocconomic magnitudes.* While such
studies and their results are undoubtedly of interest, there are a number of respects
in which a more detailed quantitative analysis can yield significant dividends.

In the first place, it is useful to sct up interindustry planning models on the
basis of scctors or industrics in terms of which the actual plans are formulated. Models
which prescribe targets for the engineering sector as a wholo are of little use to a planner
who is interested in the future demand for railway wagons or diesel engines. Secondly,
a detailed empirical study can adjust to the differing quality of statistical information
available for different scctors of the economy. Depending on the availability and/or
suitability of the data, some sectors can usefully be treated in great empirical detail

* This paper reprosents & rovised and editod version of & doctoral thosis of the samo titlo

d to tho Di of ics, M.LT., in Juno, 1060. From among the acknowledgemonts

mado moro fully in the thesis itsclf, tho author would like to single out his indebtodness to Shri Pitambar

Pant, and to the rescarch workers of the Porspoctive Planning Division of tho Planning Commission and
tho Indian Statistical Instituto in Now Dolhi.

1 Seo, for oxamplo, Chenery and Krotschmer (1950), Sandeo (1900), Chakravarty and Lofebor
(1965), Bruno (1960) and Manno (1060).

3 Twolincar programming models have boon applied to tho Indian economy; Sandco's (1960) domons-
tration planning model involved 13 soctors, and tho model ped by Ch Eckaus
and Lofobor (1965) distinguinhod 11 soctors. Apart from theso programming models, sevoral models of
the consistont roquirements type have beon basod on a 30-sector interindustry classification : sco Manno
and Rudra (1005); 1, Salujo and Srini (1965); and and Manno (1906),
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within the interindustry framework of a model, while others are best aggregated or
made explicitly subject to exogenous assumptions.  Finally, one of the erucial problems
in the strategy of cconomio growth concerns the pattern of industrialisation and foreign
trade. Many programming models involve a degree of scctoral choice between domes-
tic production, imports and/or exports. If such choice el ts are to be
approached in the context of a programming model, it is essential that the relevant
sectors be defined in fairly preciso terms rather than as broad aggregates.

£l
Yy

With all of these considerations in mind the present study was formulated
as o detailed empirical application of an interindustry programming model to the
Indian economy, designed primarily to analyse the structure of imports and the scope
for import substitution in Indian industry. The programming model is based on a
highly disaggregated description of the economy—involving some 150 sectors—but
it pays for the resulting costs of computation by being limited to a single period of time.
All of the numerical magnitudes of the model relate to the target year 1975,® which
is compared to the base year 1965. Thei ry detail is confined to the industrial
part of the economy which forms the focus of the analysis, and in which the choice
mechanism of the model is explicitly operative. The remaining parts of the economy
—primarily the agricultural and service sectors—are treated exogenously. They
enter the model only in so far as they affect the demand for industrial sector products,
and as they are needed to compute the overall trade and expenditure aggregates.

The model is used to g te alternative p of d tic prod
and imports which satisfy a snt of predetermined gouls of ﬁnnl demand in the target
year 1975,* It differs from a straightforward istent req ts planning model

in that it allows explicitly for choice between production and importing nctmtlcs,
according to comparative cost criteria in a linear programming framework. In con-
trast to the trcatment of importing activities, estimates of exports are specified exo-
genously on the basis of independent projections for the target year 1975.¢ This
asymmetry in the approach to foreign trade does not imply that export promotion is
in any way less important than import substitution, but it reflects the more compli-
cated nature of optimal choice among exporting activities.4

Given the final demand targets, and a set of basic assumptions about export
prospects and petitive import requi ts, the model is programmed speci-
fically to solve for a pattern of production and imports in the target year 1975 which
minimizes a cost function made up of a weighted sum of domestic and foreign primary

9 All referonces to calendar years aro understood to apply actually to the Indian fiscal year which
runs from April 1 to March 31; thus 1975 denotos tho fiscal ycar 1975.76.

¢ Unloss both tho intornal supply of, and the extornal demand for, each sectoral type of export
can bo rogarded ns perfoctly elastio at a given price, the treatmont of exporting activities calls for an
oxplicitly non-lincar formulation. Apart from somo additional costs of computation, such an approach
would require & much groater baso of i ion on export possibilitics in tho target year
1975 than could bo obtained for uso in this study. In tho absonce of the data which would permit a realis-
tio nonlincar formulation, it would appoar just as meaningful to study the offect of altornative export pos-
sibilitios by paramotrio variati sonously givon export lovely thun by ullowing for an arbitrary
rango of choico awong ing to linoar ivo cost criteria,

258




A PROGRAMMING MODEL FOR IMPORT SUBSTITUTION IN INDIA

factor costs, measured respectively in rupees and dollars. By varying the weights—
i.e., by altering the rate of exchange between rupees and foreign currency—alter-
native solutions are generated which satisfy the predetermined final demand goals with
(inversely) varying requirements of internal and exlcrnnl resources, In this way,
both the detailed sectoral and the overall implications of alt ive

targets, ptions and ge rates, are explored in the optimizing framework
of a linear programming model,

2. 'I'ug EMPIRICAL SCOPE O¥ THE STUDY

The industrial part of the Indian economy, which is treated endogenously
within tho scope of the interindustry framework of the model, is defined to include
all mining, power and manufacturing industries, as well as road and rail transport.
The remaining scctors of the cconomy—notably agriculture and all kinds of services—
are treated as exogenous for the purposes of the analysis. The sectors of the economy
which are here classified as endogenous account at present for about one-fourth of the
net national product and employ only about one-sixth of the total labour force. These
figures reflect the characteristic dependence upon agriculture of an economy as poor
as Indin’s. However, the endogenous sectors loom much larger in the analysis of the
structure of imports with which this study is primarily concerned: they account for
about four-fifths of current imports. In terms of grms domestic expenditure, one-half

of total investment and one-third of total P is di d to the p
of the endogencous scctors.

The dividing line L the endog and exog sectors was deter-
mined primarily by two iderations : the rel and stability of linear input-

output coefficients and the nature of the ‘make-or-buy’ choice between domestic pro-
duction and imports. The endogenous scctors of the model include those for which
interindustry relations are readily quantifiable, and can be assumed to be relatively
constant—or predictably changing—over time. It is much less meaningful in theory
—and often impossible in practicce—to deal with the exogenous scctors in terms of
stable input-output and capital-output coeflicients, Furthermore, the production
and trado of the exogenous sector products depond very much on factors not uscfully
analysed by interindustry techni Agricultural ion functions are noto-
riously nonlinear and are likely bo be strongly nﬂ'ccted by such non-material inputs
as organization and education; tho import of foodgrains is largely a matter of weather
conditions and government policies. Services do not enter at all into forcign trade,
and henco the question of import substitution does not even arise. In contrast, most
of the products of the endogenous sectors can and do entor into forcign trade, and some
of the important aspects of the comparative cost of producing and importing can be
illuminated with an interindustry approach.

The mining, power, manufacturing, and road and rail transport industrics of
the cconomy are broken down into 147 sectors, which aro classified into nine distinet
groups in Tablo 1. Tho greatest degreo of disaggregation has been carried out in
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A PROGRAMMING MODEL FOR IMPORT SUBSTITUTION IN INDIA

the metallurgical and engincering sectors, and among certain chemical industries;
it is in these scctors that many of the most crucial problems in regard to import substi-
tution arise. Among the older manufacturing industries, a broader classification has
been adopted, reflecting their relative sclf-sufficiency in the Indian economy. The
final breakdown of industrics corresponds closcly to the kind of classification adopted
by most of the Indian statistical and planning agencies. This is due both to consi-
derations of data availability, and to the desirability of working with sectors that are
meaningful from the point of view of the Indian planners. In each broad group of

industrics a residual sector (e.g. ‘Miscell 1 Is and products’, ‘Other port
equipment’) was formed to pleto the go after individual industrics, for
which data were adequate, were distinguished

To each of the 147 endog sectors there ponds a distribution equa-
tion balancing supply (from domestic production or imports) with demand (from
final ption, investment, int diate uses cte.). And, with few exceptions,
to each of these sectors there ponds a distinet d ic productive activity with
which is associated a single sectoral output, a production function in the form of a
vector in a current flow matrix, and an incremental fixed capital structure in the form
ol‘ a vector in a caplml matrix. The exceptions ariso in the caso of joint production,

tive of production, and petitive imports. While there
are many msmnueu of joint production in the economy, only in the caso of petroleum
refining does this study deal mth more than a single major product. Seven varictics
of petrol prod have been distinguished as sectors, but to these there correspond
only two production activitics; the basic refining process which yiclds light distillates,
kerosenes, dicsel oils, etc. in certain technologically determined fractions; and the
further processing required for the production of lubncnhng oils. Alternative tech-
niques of production were initially included for clectril tion, where the radi-
cally different hydro and thermal processes have to be scpnm!cd for rail transport,
where coal, dicscl and electric power are distinguished; and for motor goods transport,
which uses petrol or dicsel oil. The choice between tho alternative techniques, how-
ever, is predetermined for the purposcs of the analysis, since many of the considerations
on which it depends could not be incorporated into the model. Finally, several
sectors such as tin, sulphur, ete., are tied to raw materials unavailable in India: there
can be no domestic production in theso industries, whoso products enter only as non-
competitive imports.

There are no overall distribution equations for the exogenous production
activitics of the economy; only their d 1 for the products of endog sectors and
their impact on the balanco of trade is considered. In Table 2, the exogenous part
of the economy is classified into a number of sectors, each of which forms a source of
demand for current and/or for capital account inputs from the endogenous scctors.®
For cach choice of an overall consumption goal in the target year, a corresponding

® Tho availability of data pormi a finer classification of sourcoa of i than
of exogenous sourcos of curront input domand. Although rail and road transport are included as endo-
gonous soctors (010 to 940) in the modol, thoir domand for construction capital inputs is troatod oxogenously.
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sef of demand vectors must bo specified for the exogenous scctors. While no mecha-
nical set of relations can bo employed, ono \\ould nnturully want to balance in a general
way the ambiti of the exog ly ption target with the
extent of the input demand from the exogenous sectors.  These input demand vectors
can be treated as independent paramecters, subject to variation according to different
cstimates of demand or different future goals.

TABLE 2. LIST OF EXOGENOUS SECTORS

A. sources of demand for current inputs
1. agriculture and irrigation
2. exogonous transport and other sorvices

B. sources of demand Jor capital inpute

. agrioulture

. major irrigation

. railway oonstruction

. road construction

othor transport and communications
social sorvices

. privato and commercial construction

No o RB N~

Since the output of the exog part of the y docs not enter explicitly
into the analysis, it is not included in the production and capital vectors of the endo-
genous industrics. This means that the cost of agricultural and service inputs, other
than rail and road transport, is omitted from the analysis. This omission results in
an understatement of the domestic cost of production of sectors with significant inputs
of agricultural commodities, notably the food and fibre industries, and it biases the
model’s choice mechanism against imports in these sectors. Ilowever, this bias is
unlikely to affect the validity of the results since the case for such imports rather than
domestic production is surely very weak. And since most of the output of these sectors
is delivered directly to final consumption, the potential range of distortion through
interindustry linkago is sufficiently limited to be negligible. The omitted cost of
scrvices—mostly trade and is also negligible, since it aflects more or less
equally the activities of production and importing.

Since tho focus of the ul\olu study is on import substitution, the structuro of
import requi pirical attenti Fivo scparato sources

of demand for imports are distinguished in the analysis.

First, there is the demand for the import of endogenous scctor commodities

ive to d tio prod: These are compotitive imports which consti-
tute separato activities of the programming model.” In general, import substitution
is nlloucd fu]l scope at the margin : tlmt u, thero is a freo choice between importing

or g domestio p ive capacity to satisfy whatever demand is generated
in tho !nrget year over nnd abovo that “lnch can bo satisficd by capacity oxisting in
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the baso year. Ina fow sectors whose products are relatively heterogenous,® the scopo
for import substitution is exogenously restricted to reflect tho fact that only some of
the heterogenous products may actually bo profitably substitutable. In theso scctors
there is hence a fraction of tho total demand which must be satisfied by noncompeti-
tivo imports. In addition, there are a fow endogenous soctors whose products simply
cannot be produced in India (e.g. tin, sulphur, eto.); as noted earlier, the entire demand

for theso prod must also be satisfied by petitive imports.
A third type of import which is distinguished in the analysis arises from tho
! d for gricultural raw ials which cannot be made availablo from domestio
icul producti These prod belong to the exogenous part of the

oconomy, but they are used in endogenous industrics, Imports of noncompetitive
agricultural raw materials aro related via fixed coofficients to the endogenous produc-
tion activitics wlnch uso them as mputs Thus they are treated as a scparate category
of p ished from the imports of noncompetitive indus-
trial products.

¢ The fourth source of demand for imports is for the remaining commodities
which belong to the exogenous part of the economy. Theso include primarily food-
grains for direct consumption, and military supplics for government uso.” While
the demand for a few minor exogenous categorics of lmports can be projected into tho
future, it is very difficult to f inad thoe req ts of food and military
imports. In any case, the supply of foreign exchange for such purposes is often
quite independent of the supply available for other imports. Since the analysis of
this study cannot meaningfully take these imports into consideration, all references
to the balance of trade will be understood to exclude them. To the extent that foreign
exchango will be necessary in the target year for the supply of food or tanks, it will
P an additional requi over and above what is generated by the runs of
the model.

"The final source of import demand is of considerable significance in the Indian
context and has therefore been incorporated in o separate way into the interindustry
fi k. The products of the engincering sectors (included in thu groups ‘mechani-
cal engineering’, ‘clectrical incering’ and ‘transport ip t' in Table 1)
differ from the products of almost all the other scctors in & bnslo way : they consist
both of completo units and of parts. The demand for complete units arises either
from fixed investment (in the caso of capital equipment) or from direct consumption

(in the caso of Jurables). The d d for parts, on the other hand, arises
from ttvo different sources : fabrication of new plote units, and mai of
old units. The d io production of complete units is typically also subject to
quite different factors than the domestic production of parts. Like tho production

of most of the other sector products, tho production of plete units

¢ Thoso soctors include primarily the rosidual soctors dofinod earlior on pago 251.
* Military supplioa consist of industrial products, but thoy could not bo included in any endogenous
weotor for lack of dotailod statistics.

203
10



SANKHYA : THE INDIAN JOURNAL OF STATISTICS : Series B

in the engincering scctors is limited primarily by the existing capacity of the capital
stock, the availability of raw material inputs and the supply of primary factors such
as skilled labour. The production of many parts and components, however, is most

critically limited by factors, such as an ic scalo of d d or an i i\
technical knowledge, which could not be incorporated explicitly into the analysis.

The most satisfactory way of dealing with the important difference between
complete units and parts would bo to define a scparate new sector for each type
of component part. Tho existing availability of data, however, ruled out such an
ambitious undertaking. The alternative adopted in this study was the following.
Each of the non-residual enginecring scctors listed in Tablo 1 is understood to represent
complete units only. All engineering parts and comp sare divided into two groups:
domestically produced and imported. D tically produced parts are included in
the output of the ponding residual engi sectors, whilo imported parts
are treated as an additional category of noncompetitive imports.

Both the imports of complete units and the imports of parts are distinguished
according to the classification of engineering scctors given in Table 1. The import of
each type of complete unit enters into the ponding distributional equation as an
alternative source of supply, just as in the case of competitive imports in the other
endogenous sectors. The import of each type of component part, on the other hand,
is related via fixed coeflicients to the production level of tho corresponding domesti
industry and to the existing stock of the ponding type of equipment. These
noncompetitive parts imports constitute the fifth and last source of import demand
distinguished in the analysis.

3. THE ALGEBRAIO FORMULATION OF TUE MODEL

The model on which this study is based is & single-period linear programming
model which f¢ on the o of the y in a future target year. The
corresponding structure in a base year, for which the relevant economic data have
already been made available, is used as a point of reference from which tho future
growth possibilitics are charted.

The basic sot of constraints of any interindustry model relate to the distri-
bution of the supply of products from each endogenous sector among the alternative
sources of demand. In its simplest form, the typical distribution constraint in the
present model is formulated as follows :

di+my 3 htvitcite . (30)

whero dy, my, ¢; and ¢; denote the level of domestic output, imports, consumption
and exports of sector § products, respectively; and ¢ and v; denote tho total lovel of
current and capital account deliveries of sector 4 prod hroughout the ’

® All variablos without a time supor-seript are understood to apply o tho singlo targot year of the
model.
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Constraint (3.1) simply requires that in the target year the total supply of each endo-
genous scctor’s output must bo at least as great as the corresponding total demand.
All of the 1 supply and d d variables are expressed in terms of 1960 pro-
ducers’ prices.

In the formulation of the model, a distinction must bo made between the

products of the endogenous sectors and the d til ducti ivitics which
pmduee them. As discussed in Section 2, thero is not & eomplcte one-to-one corres-
7 bet scctors and productive activities. Tho domestic output d; of scctor

i products is related algebrai Il y to the activity levels z; of the productive activities

j as follows :

dy =§ uyxy . (3.2)
where U is a matrix with n rows ponding to the n endog: sectors and m
) ponding to the m d io producti ivitics. U is equivalent to
an identity matrix, mth the following ions : (1) rows rep ing sectors whose
products cannot be domenumlly produeed have no corresponding columns, and
(2) the rows rep g the joint products of the petrol industry have positive
! uyy denoting the fractions in which they are produced by the refining
activity j.

The target year level of production z; of each d tic production activity

J is mado up of two components :
=z}t . (33)
where 2} is defined as the output obtained from capacity existing already in the base
year, and 2j rep the i tal output obtained from new it, lled

between the base year and tho target year. As a rather harmless simplification, it
is assumed that in each sector the capacity remaining from the base year will be fully
utilized in tho target year; thus 2} applies both to the remaining capacity and to the
corresponding production level in sectorj. In the interval between the base and target
years there will generally have been some retirement of the base year capital stock,
80 that z}! does not necessarily equal the baso year productive capacity.

To all of the endogenous sectors whose products can be physically imported
there corresponds an importing activity which provides an alternative source of supply
to domestic production. Thus we may write for each such scctor & :

mg = MY . (34)

where y; denotes the activity level (mcasured in c.i.f. dollars) of the activity for
importing scctor & products, and z; is the oquivalent d tio valuo (; d i

in
1960 producers’ prico rupees) of o dollar’s worth of imports of scctor & products.
Tho export demand for sector § products is simply specified exogenously :

e =¢. w (3.5)

® Barred variablos denoto predetormined constants,
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The total demand # for intermediate deliveries from each endogenous sector
4 is made up of three components :

b= 046+ }51:. . (3.6)
The first two terms account for the demand on current t from the endog
productive activities, and the last term for the d d from the

part of the economy. The former are related to endogenous production levels as
follows :

= fa‘.-',»zj' e (3.7)
= ?a.’,z; e (3.8)

Two separate current flow matrices are distinguished : A° is the base year matrix which
reflects the input structure of production with ‘old’ capacity, and A° is the corres-
ponding incremental matrix which applies to production with the ‘new’ capacity
installed between the base and the target year. The current input demand # for

sector ¢ products from each exog source k is related to an index T* of total current
input demand from exogenous source k by the following formula :
& =7Tk - (3.9)

whero 74 is an estimated coefficient of demand for product ¢ per unit value of the total
demand index for exogenous source k.

The total demand for capital good deliverics from each endogenous sector
{ is also made up of several components :

o = of ol +of %”f- e (3.10)
The first term refers to the demand for fixed capital i t in the end
production activities, which is determined as follows :
of =9f z baks- e (311)

The coofficient b is an element of the incremental fixed capital structure matrix B,
which gives the rate at which the products of sector i are required per unit increment
in the value of capital stock installed in activity j. k] includes both the exp of
the capital stock from its base year to its target year lovel and the replacement of part
of the baso year capital stock which is retired during the period. It is rclated to the
incremental production variable zj of equation (3.2) as follows :

=4 . (312)
where ] is the incremental capital-capacity ratio defined in terms of value of capital
stock per unit of productive capacity in activity 5.1°

10 Tho uso of an equality rathor than an inoquality constraint in equation (3.12) implios that targot
yoar capacitios will bo fully utilizod in onch activity. Since a single poriod optimizing model would surely
not build additional capacity unless it intended to use it, this doca not ropresent any restriotion on the
oporation of the model. If historical exporionco suggosta that capacity is unlikely to bo fully utilized in
a rapidly growing economy, tho samo offoct can bo incorporatod simply by raising the values of tho B,' in the
proportion that now capacity fs likely to bo undor-utilizod.
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The expression I bjkj in equation (3.11) rep the total amount of sector

i products that must bo added to fixed capital stock in the full period from the base
year to the target year. To convert this stock variable into the flow variable required
by the model—viz., the d d for i goods in '.ho singlo target year—the
‘stock-flow’ conversion factor y¥ is applied. 7¥ app for the endoge
activitics as a wholo—the ratio of target year fixed capital investment demand to the
addition to fixed capital stock between the base and target years.!*

The second term of equation (3.10) relates to the demand for inventory invest-
ment in the endogenous production activitics, which is given by :

off =9% ;‘J 85(xy—29). . (3.13)

Equation (3.13) is analogous to cquation (3.11) : 8 is an element of an incremental
stock coefficient matrix S* which is applicd to the corresponding change in the level
of domestic production in activity j between the base and the target year. 7% isa
working capital stock-flow conversion factor, which approximates the ratio of target
year inventory investment demand to the addition to inventory stock between the base
and target years.}?

The third term of equation (3.10) refers to a part of the demand for replace-
ment investment which arises from the retirement of capital stock botween the base
and the target years. Bccause rehrcment rates differ as between different types of
capital equip the residual ity 2] for each activity j can be sus-
tained with capital stock remnmmg in the targct year only if some of the less durable
typos of cnpltal are kept in the right proportmns by pnrtml replncement, This partial

must be eval ly g to the ago structure
nnd retirement rates of the various types of capltnl cqunpmcnt existing in the base

year:1

of =f e (3.14)

As noted above, the total d d for repl. t i t in the endog pro-
duction activities is not limited to tho v¥ terms but includes also a fraction of tho vf
terms defined in equation (3.11).

1 The dorivation and significance of the fixod capital stock-flow conversion factor 3 is discussod
in Boction § bolow.

13 The dorivation and significanco of the working capital stock-flow conversion factor ' is disoussed
in Boction & below.

33 It is assumod that none of the capital equipment installed botweon the baso and the targot year
will have to bo roplaced boforo tho target year.
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The exog d d for endog capital inputs is summed in the last
term of equation (3.10). Analogously to equation (3.9), the capital input demand
o4 for scctor § products from cach exogenous source  is related to the total (market)
valuo of investment V¥ in exogenous sector k by the following equation :

of = o}V e (3.15)

where ¢} is a coeflicient giving the capital input norm of the products of endogenous
sector § per unit investment in exogenous sector k.

In the remaining equations relating to constraint (3.1), the final consumption
demand ¢; for the output of each individual endogenous sector § is related to the total
(market) value of aggregate consumption C in the target year. The relauonslup is

logous to those of equations (3.9) and (3.15), but it is nonh tal

sectoral coeflicients are introduced which differ from the eorrmpondmg base year
ratios,

Each target year ption d d ¢ is exp d as the sum of two
components :

¢ = cP+ci. e (3.16)
The first term cf represents a per capita level of consumption equivalent to that of the
base year :

of = et v (3.17)
where ¢§ is the base year level of consumption of sector i products, and « is the expected
annual rate of growth of popu]utn;n The second term ¢; includes that part of

target year ption which rep ts an i above the base year per capita
level :

& =7 (C—Cen). . (3.18)
The term in bracket the t by which target year consumption ex-

penditure exceeds the cxpendxturo required to maintain the base year per capita con-
sumption levels, and the coeflicient ¥; denotes the proportion of this excess consump-
tion expendituro which is spent on the products of sector i. The y; are thus
equivalent to incremental per capita consumption coefficients; when divided by the
corresponding average cocflicients obtaining in the base year, they yield implied
linear per capita expenditure clasticitics.

This pl the p ion of the 1 ions which underli
the initial set of distribution constraints (3.1). If all of the equations are directly
substituted into the original traints, theso ints can be exp d in reduced
form in terms of the following independ: iables :

2y : the endog i tal producti tivity levels;

yi: the endog importing activity levels;

Tk : the indices of current input d. d from each exog source;

VE: the market value of i in each g sector;

O : the market value of aggregate consumption.
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The reduced form P-1 of tho typical distribution constraint is shown in Table 3.

TABLE 3. PRIMAL CONSTRAINTS

Pl (w—euls) + =5 T- 4 —y; 0> @ (=1, 0m) w

‘where Wiy - ¢:I +n7 57' ;;+,,w,‘.l

e @ -0
Y= uy—aeR it :,q,(zg—:gma“’—y; 0)er

P2 —z; > zf—:iv (jeXN) .
P3 —E pn (=g > aunzf (GeMM) .-
P4 ™y T k=117 .
P-5 nyw (k=1,.4") N
P68 0>7

P7 L-:.:af:; > :ixg:f -

where lf =3 +qﬂfﬂ;

- ~ZpX 28— —Z pf VE—, el .
X3 M-ZuFs-Tu I -0
- .
wheee "f m‘f{.. + mzrlm # (n%m (k) b‘l ,I.
#f =z, G oigt

W= 3 El e

W= TaTERE S @R (G o) o) et

Y

The ini ints in the prog model are of three kinds. The
first are incqualities which further constrain tho basic activity variables 25 and y;.
The second are equalities which fix the exogenously specified values of the aggregate
variables T%, V% and 0. The third are equalities which defino additional activitics
ing tho i ts of d tio and forcign primary resources.

‘The additional inequality ints aro i d as linear app
to what are in fact likely to be nonlinear situations. For a fow of the endogenous
production activitics of the model, upper bounds are imposed on the level of domestio
production :

L) (jeXA) o (3.19)
Such bounds are required when production is restricted in actuality by a factor which
is not incorporated into the interindustry framework of tho model. This is notably
the case in several mining activitios, where the scope for (profitable) production is
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sharply limited by the availability of mincral resources. A second set of inequality
constraints is applicd to somo activities in order to limit the scope for import substi-
tution afforded by the linear structure of the model. As discussed in Scction 2, it is
desirable to allow for the fact that in a fow productive activitics whose output is
relatively heterogeneous some of the products may not be (profitably) substitutable.
Thus the following type of constraint is introduced :

mg > pldi+m) (€M) . (3.20)
where sy represonts the minimum proportion of the supply of the products of sector
i+ which must be imported.

The following three scts of ints serve to introduce tho target year goals,
subject to the attainment of which the prog ing model minimizes costs. These
goals are described by tho aggregate variables T%, V* and C, for which values must
be determined prior to each run of the model. Thus the constraints may he written
as follows :

TE=Tk (k=1,..,IT) . (321)
VE =TV k=1,..1) . (3.22)
¢ =C e (3.23)
where the barred variables rep the pre-d ined target year values,
The last pair of constraints in tho model measure the endogenous use of the
primary resources in the system : labour and foreign exchange. These traint.

are required to defino the two terms which enter the cost function, representing the
domestic and foreign primary resources respectively.

Labour resources are required by each of the di ic producti ivities of
the model. Theso labour requiremonts are measured in terms of their total wage cost
rather than the size of the working force. If different categories of labour cannot be
adequately distinguished and independently treated, it is moro meaningful to deal
with an aggregato based on wages than on numbers. The total labour cost in rupees
incurred by the endogenous production activities' is given by :

L =S+ N+ (K. . (324)

The first term measures the direct current costs of operating labour, where Aj denotes
the labour cost per unit of residual capacity production, and A the labour cost per unit
of new capacity production, in 1075. The sccond term mensures the indirect capital
costs of jon labour required for the installation of the capital stock.’® The
ffici AP may be regarded as the (n+-1)-th row of the B* matrix, giving the cons-
truction labour cost per unit increase in capacity for each activity j.
14 Labour is of course also omp in the part of tho ¥, but this labour cost
in oxtrancous to tho model.
18 Construetion is not treated as & soparato activity, 80 that both construction materials and

lubour inpute are rolatod like machinery roquiromenta diroctly to the capacity increases of the production
activitios.
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The foreign exchange cost (i.e. the import requirements) generated by the model
can be analysed in terms of the five separate sources of import demand distinguished
in Section 2. Of these five, four are functionally related to the activities included
in the model and are summed to yield the total value—measured in o.i.f. prices—
of endogenous imports M :

M=3 M . (3.25)
k=1

The first type are the competitive imports of endogenous sector products, whose total
value is given by

M= 3 y .. (3.26)
iecar
where CM is the set of endogenous sectors in which imports compete with domestic
production. The second type are the noncompetitive imports of endogenous sector
products, whose total value is given by
M= X . (3.27
ENM L )
where N M includes the set of sectors whose products cannot be produced domestically.'®
The third type are the imports of noncompetitive agricultural raw materials, with
a total value of

;

M _HZ:M Yss ... (3.28)
where AM includes the set of endogenous production activities which use imported
agricultural raw materials as inputs. To each activity j there corresponds at most
one such input, which is required in the proportion y; in terms of c.i.f. dollars per unit.
A fourth category of imports was defined to cover the remaining imports of exogenous
sector commodities, but since these are entirely exogenous to the model they are not
included here.

The last source of imports was discussed in considerable detail in Section 2 ;
it involves the demand for imported engineering parts and components both for further
fabrication and for the maintenance of existing stock. The total value of such imports
is expressed as follows :

Ms =J=§~ El“ri‘m};" (Eif2)81 . (3.29)

where PM is the set of engineering activities (and corresponding sectors) in which parts
are distinguished from plete units. The first and second terms of the equation
cover the fabrication and the maintenance demands, respectively. E; represents
the total dollar value of imported parts required in the production of one unit of output
2 of activity j. The same coefficient & is applied to the cxisting stock & of equipment

10 Btriotly speaking, M should include also the noncompetitive fraction of imports in sectors where
@ minimum proportion of imports is imposed by constraint (3,20),
271
11



SANKHYA : THE INDIAN JOURNAL OF STATISTICS : Series B
of sectoral typo i in order to determine the total embodicd value of parts which can only

be replaced by petitive imports. A ing that tho ge lifo of engincer-
ing parts is z years, a fraction 1/z will have to be replaced every year : this leads to
the mai il 1 described by the second term in the equation.
The stock of equip t 8¢ can be exp d as follows :
5= ':"+07+‘;-ml'}+¢aca- e (3.30)

The first two terms of the cquation cover the stock of capital equipment in the endo-
genous productive activities of the economy. sf is the residual in the target year which
remains from the stock of type i existing in the base year, and s} represents the addi-
tion to the endog stock of type s L the base and the target years given simply
by

=5 U e (331)

The third term of equation (3.30) represents the stock of sector i output which is held
as capital equipment in the exogenous scctors, and the fourth term applies when the
products of sector i can be held as consumer durables. Since these stocks are exo-
genous to the interindustry framework of the model, it is necessary to approximate
them independently. oy is a rule-of-thumb conversion factor which relates the stock
of durable equipment of sectoral type i to the ponding exog and
consumption flows t§ and ¢; in the target year.

It remains now only to define the objective function which is to be minimized
subject to the attainment of the targets prescribed in constraints (3.21), (3.22) and
(3.23):

Q = OLL+0MAL, . (332)

The function Q ists of a weighted sum of the d ic (L) and foreign () primary
resource costs. The relevant weights 0L and 0% must be pre-assigned for cach run
of the model; the corresponding weight ratio can be interpreted as tho shadow rate of
exchange between rupees and dollars, on the basis of which all other prices in the
system are determined.

This completes the presentation of the primal constraints and objective
function of the programming model. All of the constraints entering into the model
can be expressed in reduced form in terms of the independent variables 2, yi, TH, VE
and C (identificd at tho bottom of page 258) along with the following additional
independent variables :

L : tho total rupee c.if. dollar value of the wage bill in the endogenous
production activities ;

A7 : the total c.if. dollar value of endogenous imports in the cconomy.
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The full sct of constraints in the model are shown in reduced form in Table 3. The
constraints are arranged so that the independent variables and their coefficicnts appear
on the left-hand sido of the incqualities, and the constant terms appear on the right
hand side."?

4. THE PRICE STRUCTURE OF TIE MODEL

IX] a:. 1

Corresponding to the primal form of the lincar p
in the previous section is the dual form of the problem, in which pnoea rephoo quantitics
as the independent variables. If we describe the primal form of the model in standard
lincar programming form as :

minimizo I ¢szy subject to Az > b, z>0

where z is the vector of primal activity variables, A the (rectangular) matrix of cons-
traint coefficicnts, and b the constant right-hand side vector, we may sct out the corres-
ponding dual problem as follows :

maximize = bpq subject to pA ¢, p>0

where p is the vector of dual variables, whose values emerge from cach solution of the

g P imul ly with those of the primal variables z;. The
dunl iables p¢ the inal reduction in the value of the cost function
(2 ¢sz;) which can be achieved by relaxing the i-th constraint by one unit; thus they

cnn be interpreted as the shadow prices iated with each traint of the primal
problem.!®

The dual constraints of the present model can be spelled out most conveniently
with reference to the constraint tableau shown in Table 4. Across the top of the table
are listed the seven sets of ind dent activity variables in terms of which the primal

(in their reduced form) are exp d. All of these actlvnty vnnablu
taken together constitute the z vector of the dard linear prog
Down the left sido of the table are listed the dual prico vnrmblcs corrcspondmg to
cach of the cight groups of primal constraints; these variables form the p vector of the
standard problem. Within the tablo itsclf are given the constraint coeflicients,
taken from the reduced form of the primal constraints as given in Table 3 ; these
cocflicients constitute the matrix A of the standard problem. Finally, the corres-
ponding clements of the right-hand side vector b and tho cost function ¢ are shown
to the right and below the table, respectively.

17 Although somo of the constrainta are in fact equal'tios, thoy can bo roprosontod as inequalitios
in tho appropriate dircotion, and thoy have boen entered as such in Table 3.

1 For a gonoral i of lincar ing thoory and tochniquos, sco Dantzig
(1903), Gass (1958) or Hadley (1962); for discunsions emphasizing tho economio interprotation of lincar
programming probloms, soo Chenory and Clark (1059) and Dorfman, Samuclson and Solow (1958).
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TABLE 4. CONSTRAINT TABLEAU

traints | dual D1 D2 D3 D4 DB D8 DI right
primallaotiviti = w ™ [ [ L N side
P n (wy=swy) & =1t =g}  —? ] o[> @
P2 il -1 0 0 [} 0 [] 0 > |zf-2"
P3 7 —Zpuy (=pim 0 0 0 0 0 > |3 g2}
P4 b 0 0 1 0 0 [} 0 > ™
P-5 4 [] [] [] 1 [] 0 0 > 1
P6 2 ] 0 ] 0 1 [] 0 > a
R
P71 Pt —Af (] 0 [ 0 1 0 > :‘: A7 2f
P8 P - -1 [ —s —n° 0 1 > ™
< < < < < < <
cost function ° ° 0 [] 0 o ox

Just as the primal constraints can be read from each row of the tableau in
the form :
Taz>h
80 the dual constraints can be read from each column in the form
2". ayp; < ¢4

With each of the seven groups of indef activity variables is iated a group
of dual constraints, whose right-hand side aro the ponding el t

of the primal cost function. In Table 5, the typical constraint of each of the seven
groups of dual constraints is spelled out in the same way as the primal constraints
in Table 3. Although the constraints are shown in the standard form as ‘less than or
equal to’ inequalities, it can be immediately deduced that the last five groups of cons-
traints aro necessarily binding. This follows from the fact that the activity variables
corresponding to constraint groups (D-3) through (D-7) (T*, V%, C, L, M) are all
bound to appear with non-zero values in the solution to the model.!®

' Tho theorom invoked here is simply tho dual of tho proposition that a primal constraint is
binding if and oply if tho associatod price variable takes on a nonzero value. 8o the referencos in footuoto
18,
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For the purpose of analyzing the price structure of the model, it is convenient
to examine the dual constraints in the reverse of the order in which they appear in
Table 5. Constraints D-7 and D-6 simply imply that the shadow prices p¥ and p¥
(associated with the primal constraints P-8 and P-7, defining the total use of the two

TABLE 6. DUAL CONSTRAINTS

D1 ?("u—wu)m—r;""—f puy pUA =4, pl—pXpM O
(jeXM)  (ieMM) (G=1,..m)

D-2 mepeH(L—p)m P“”’—p" <0 (=1..,n)
(fe MAT)

D3 p{—‘f'fm <o (k=1,..,17)

D4 pf~Z ¢t p— ufp¥ <0 (k=1,..,)

D5 Iy p—ptpM <0

D6 F X

D1 o

primary resources M and L) must be equal to the preassigned weights 0¥ and 6% in
the minimand of the primal problem:
pM = oM e (£1)
pb = 0L, v (42)
Constraints D-6, D-5 and D-4 describe the determination of the shadow prices p°,
p¥ and p] (associated with the primal constraints P-6, P-5 and P-4, defining the target

levels of the final demand variables C, V¥ and T%), Thus the shadow price of a (margi-
nal) unit of consumption is given by :

pe= ?'3‘/4'}71+ JCOM e (43)

where the first term represents the (marginal) cost of endogenous sector products—
priced at the corresponding shadow prices py—and the second term covers the cost of

petitive parts and I ts imports—priced at tho shadow price of imports
equivalent to 0¥, The shadow prices associated with marginal units of investment
Pk in each exogenous sector &, and the index of intermediate demand T from each
exogenous source k, are given similarly Dy :

pf = ZetptukoM k=1,..10l" e (44)
1

t= Z“.'r‘;p[ k=1,.,17 e (45)
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The dual constraints of the remaining two groups are not necessarily binding,
for these constraints correspond not to purely definitional primal variables but to the
basic choice variables of the model : the 2 and yi. Only those constraints corres-
ponding to the subsct of zj and y included in the basis of the optimal solution will
turn out to hold as equalitics; the remaining constraints will hold as inequalities.

The dual constraints D-2 and D-1 can be rewritten as follows :

it (L—p)p} < (1m)0¥ i=1.,n e (40)
(eI M)

E‘ uyp—pf — ?ﬂmupt‘”’
(jeXA) (tedl M)

<z wypHAFOL4pfOM  j=1,..,m . (47)

where pf¥ and p"-" are the shadow prices associated with the primal constraints
P-2 and P-3, respectively.
TFor scctors § and activities j which are not aﬂ'ected by primal constraints P-2and
P-3, and for which there is a t corresp bet sector & and domestic
production activity j, we can ignore the variables pf*f and pi'Y, treat U as an identity,
and set i = j. Constraints 4.6 and 4.7 can then be slmphﬁcd to the following :
21 < (1fm)om e (48)
%< S wipi+AFOL4pF0M e (£9)

The right-hand side of (4.8) is simply the cost of importing a domestic unit of
sector j output : (1/ms) represents the c.if. dollar cost of a rupee’s worth of sector j
output (at 1960 producers’ prices), which is multiplicd by the shadow prico of a
dollar 0%, The right-hand side of (4.9) is the cost of producing a domestic unit of
sector § output in production activity j : the sum of the unit cost of endogenous sector
inputs wy—cvaluated at tho shadow prices pr—and the unit cost of domestic and
foreign primary inputs ,\x and pif—evaluated at the pre-determined shadow prices oL
and 0,

Constraints (4.8) and (4.9) reflect the operation of the choice mechanism of the
model. According to the two constraints, the shadow price associated with each
sectoral product must bo less than or equal to both the unit cost of importing and the
unit cost of producing the product. Clearly, the shadow price will be determined by
the lower of the two bounds, and the single activity which provides the output at mini-
mum cost will be included in the optimal solution to the programming run. For the
included activity, the shadow price of the product just equals the corresponding cost;
for the excluded activities, the cost exceeds the shadow price.

The determination of the shadow prices—and hence the operation of the choice

of the del—L slightly more complicated when the simplifying
conditions leading to constraints (4.8) and (4.9) do not hold. If, for some activity
je X2, o primal constraint of group P-2is active, then the shadow price p;*f will assumo
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a positive value attributablo to the upper bound placed on the level at which activity
Jj can be operated. pf¥can be interpreted asthe shadow price of the scarce factor whose
limited availability called for the upper Lound on activity j. From constraint (4.7)
it can be scen that a positive value for pf*f allows the shadow price of the output of

nctivity j to exceed the corresponding cost of d ic production. Beeause of the
upper bound on production activity j, the ginal d d for the ponding
sectoral output § must be satisfied by the alt ive—less cflicient—importing acti-

vity, whoso unit cost determines the shadow prico p. Thus pff¥f measures the extra
unit cost incurred when the (marginal) output from activity j must bo provided by an
activity more costly than the domestic production activity j.

1, for somo sector § € MM, a primal constraint of group P-3 is active, then the
shadow prico p¥¥ will assume a positive value attributable to the ruqui that
a fraction of the scctoral output be imported rather than produced domestically.
P} can be regarded as the shadow price of a specific factor whose scarcity prevents
complete import substitution in sector i, It is clear that a constraint I*-3 can be binding
only if the cost of importing the corresponding product excceds the cost of domestic
production, for there would otherwise be no penalty in having to import. From
constraints (4.6) and (4.7) it can be deduced that the shadow price py of the scctoral
output would be between the (lower) cost of domestic production and the (higher)
cost of importing. In particular, p}'¥ measures the extra cost of importing vis-a-vis
domestic production, and the import fraction y#i—multiplied by p{¥—determincs the
extent by which the shadow price p; exceeds the domestic cost of production of scctor
4 products.

Up to this point we have d a one-t, pond between scctors
and activitics, so that the left-hand side of constraint (4.7) could be expressed in terms
of shadow prices associated with a single scctor (and activity j). In cases of joint
production®, the single activity j produces output belonging to scveral sectors i
to each of these sectors there correspond a nonzero wuyy value, whoso column sum
equals unity. In such cases it is necessary to re-interpret the first term of constraint
(4.7) as the sum of the shadow prices of each product produced by activity j; neglecting
the second and third terms?!, the constraint requires that this sum docs not exceed the
corresponding unit cost of domestic production. In general—because of the fixed output
proportions—it is likely that for only one of the joint p ducts will d d be matched
exactly by domestic supply; and the shadow price p of this product alone will equal
the unit cost of domestic production. For the remaining joint products, the shadow
prices p¢ will be cqual either to zero (when domestic supply exceeds the demand) or
—via constraint (4.6)—to the unit cost of importing (when domestic supply fulls short of
the demand). In cases of alternative techniques of production,® no re-interpretation

% QOnly ono caso of joint production was actually included in the empirical application of the model s
the petroloum refining nctivily (sco tho discuasion in Soction 2).

91 Thoso two torma do not apply ta the single caso of joint production noted in footnote 20.

21 No cascs of i of domostio p ion woro included in the final empirical
application of the model  (soe tho disoussion in Seotion 2).
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of constraint (4.7) would be called for, since for each activity Jj producing the sectoral
output i there would be a singlo cocflicient uy with a value of unity. Tho only differ-
ence this would make to the operation of the model is that the scope for choice among
alternative supply activities would be enlarged; the shadow price p; would of course
still be determined by the cheapest source of supply of sector & products.

5. THE STOCK-FLOW CONVERSION FACTORS

Discussion of the two stock-flow conversion factors 4F and 7 has been delayed
until this section for two reasons, First, the estimation of the values to be attributed to
4P and 7" is a problem of some complexity, which can most convenicntly be examined
independently of the alg: i lation of the primal and dual constraints of the
prog model. Secondly, the interpretations given to y* and ' in the primal
and dual forms of the model are quite different, and it is necessary to resolve the in-
consistency before the model can be properly programmed.

As observed in Section 3, the stock-fl ion factor 4F app
—in the primal formulation of the model—tho ratio of target year fixed capital in-
vestment demand to the addition to fixed capital stock between the base and target
years. Denoting by V" the level of fixed capital i t in the endog acti-
vities, and by K the corresponding capital stock, we may write

b

yr
qF = TR o (B1)
where the superscripts ‘0’ and ‘7" refer to the base and farget years of the model, res-
pectively. A stock-flow conversion factor used for precisely this purpose was intro-
duced by Manne®; his derivation of the numerical value to be given to the factor
was based on the ption of a p tial rate of growth of investment
activity between the base and the target year. This rate of growth r had to bo guessed
at in ad of each prog ing run, but Manne showed that the numerical value
of the stock-flow conversion factor was relatively insensitive to variation— within
a ‘reasonable’ range—of r.2

For the purposcs of the present model, in its primal form, a slightly different
method for estimating 7F is suggested. The difference lics primarily in the fact that
investment activity in the target year is related explicitly to the growth of output
beyond the target year, as—in principle—it should be. Assuming an annual rate of
growth of capital stock of rT after the target year, and an averago lag of 0 ycars botween

N .

the production of investment goods and the corresponding in p
capacity, we may express V7 as
VT = KT+0+k— RTH-} = yTKT(14-¢T)0-, v (82)

3 §oo Manno (1906); the samo type of stock-flow convorsion factor was later used also in Manno
and Rudra (1005) and Sabhorwal, Saluja and Srinivasan (1065),

3 For an algobraic dorivation of Manno's stock-fl
that it is rolativoly insonsitive to variation in r—soco Manno (1066) or Manno and Rudra (1963).
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If we define the average annual rate of growth of capital stock between the base and
target years as 19, we may write

RT = R%(1+r)T e (53)
whero T' is the corresponding length of the period in years. Substituting equations
(6.2) and (5.3) into equation (5.1), we get :
£T(1 Ty
T—(147) 7

Thus 7¥ is a function of four variables : 7¥(T', 0, % rT). T is determined by the formu-
lation of the problem; @ can bo estimated from empirical data; rT must be specified
in advance as one of tho target parameters of the model (like the final demand vari-
ables C, T* and V*); and #° must be estimated prior to each programming run® (like
Manne's rate of growth of investment activity r). The working capital stock-flow
conversion factor 7 is estimated in exactly the same way as 9F, with tho single excep-
tion that the averago lag 0 is assumed to equal zero; thus

(T, P, 97) = 4F(T, 0, %, #7) )

Each of the stock-flow conversion factors 4P and 4 is applied uniformly to
investment demand from all of the endogenous activitics of the model. In principle,
it would bo more accurate to apply distinet stock-flow conversion factors to each of
the d tic producti ivitics j, since the variables on which the values of 4¥
and 4 depend (sce equation (5.4)), are likely to differ as between different activitics.
On the other hand, since the values of 7 and 4% are relatively insensitive to changes
in the growth rates r and r7, and since tho estimation of r° is in any case only approxi-
mative, the additional complexity would not appear to be justified.?® One might
further suggest that the value of #F be distinguished according to the sector of origin
of the capital goods—sinco tho gestation lag 0 may well differ as between different types
of goods i—but the lack of sufficiently detailed inf tion, and the relatively small
effect of changes of this kind, dictated the simplest course of a common 7P for uso in
the present study.

The appropriate dual interp jon to bo given to the parameters 77 and 9V
emerges from & careful examination of the typical dual constraint of group D-1, as
reproduced in equation (4.7). The right-hand sido of equation (4.7) ropresents the unit
cost of domestic production in activity j, and the first term ? wiyps covers the unit

7= e (5.4)

cost of the endogenous sector inputs. The coofficient wyy is made up of three parts

(as shown in Table 3):
wyy = afy +7I"'::ﬁ;+’lwﬂfl- we (5.6)
5 IF tho initial cstimate of r° proves to be inconsistent with tho results of the programming run,
it is always possiblo to oviso it for o socond run and thus procood by itoration to a consistont solution.
In viow of tho fact, howovor, that the growth of final demand is pro-dotorminod for cach run, it should
not bo dioult to make a good initial ostimato of tho rate of growth r of endogenous scotor capital

stock as a wholo.
28 For a similar dofonco of the uso of a singlo atook-fl ion factor, sco tho given

in footnote 24.
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% denotes the requircment on current account of inputs from sector ¢ per unit of
(mcrcmontnl) output in production activity j; 0385 * and s represent the corresponding
requircments of fixed and working capital stock per unit of output in activity j. While
the full cost of current account inputs is naturally charged to production costs in the
given target year, only a fraction of the value of the capital stock associated with the
singlo year’s production can properly be charged to production costs. This fraction
must reflect both interest on tho tied-up capital, and—in the case of fixed capital
stock—depreciation of the equip t. Hence we can interpret ¥ as therate of interest
plus depreciation applied to the stock of fixed capital, and 7' as the rate of interest
applied to the stock of working capital.

While the rate of i t is ily an ide t, the rate of
depreciation on fixed capltnl stock may well differ as betwccn the different endogenous
activities of the model. Thus—as in the case of the primal interpretation, but for a
(hﬂ'crent it would in principle bo more te in the dual interpretation to
di ish bet tock-fl ion factors 9}’ applied to fixed capital stock
in dnﬂ'crcnt production activities j. Even greater accuracy would call for a distinction
between factors 7%, taking into account also the differences in depreciation rates
applying to capital goods of different sectors of origin i. Such refinements, however,
would scem to be of secondary importance, since most of the numerical value of 77
will in any case be duo to the common rate of interest, and possible variations in the
rate of depreciation are not likely to have a significant cffect on this value.

thol

The probl ins, nev of reconciling the two different interpre-
tati d the pondingly different ical val given to the stock-fl
conversion factors ¥ and W in the primal and dual forms of the model. From
the point of view of optimal choice among alternative activities, it is essential that
the values given to 4F and to 7" properly reflect the cost structure of the activitics;
thus it is the dual interpretation which is appropriate. On the other hand, from the
point of view of projection of output and import requirements, it is essential that the
values given to F and to ' properly reflect the demands raised by the growing
cconomy; hero it is the primal intery ion which is i

Pprop

The resolution of this dilemma lics in the particular structuro of the program-
ming model used in the present study. The structure is bnsncnlly a very simplo one,
with the crucial characteristic that the (non-) substituti 27 js applicable to it
with only a fow minor qualifications. Apart from the scarce factors implied by primal
constraints P-2 and P-3, the only primary factors in the model are labour and forcign
exchange; when theso are combined with fixed weights in the cost function, the result
is a singlo homogencous factor which underlies all of the pricing in the system. Aec-
cording to the substitution theorem, optimal choico among alternative activitics in
o well-behaved open Leonticf system is independent of the levels of final demand

7 For tho initial, indopondont statoments of the thoorem, soo Samuclson (1951) and Georgoseu-
Roegon (1951).  For formal proofs of tho theorem, soo also Koopmans (1951) and Arrow (1951).
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when thero is only a single basic scarce factor. The model of the present study is well-
behaved—except for the one petroleum refining activity with joint products—and it
has & singlo searce factor—except for those implied by constraints P-2 and P-3.
Neglecting possiblo minor errors on t of theso pti the substituti
theorem should hold for all practical purposes of the study.

The applicability of the substitution th allows for a clear-cut distinction
to be made between the primal and the dual aspects of each programming run. Al-
though for any given run the model is solved simultancously for the primal and cor-
responding dual solution, its operation can be viewed conceptually as taking place in
two distinct steps.  First, on the basis of the primary factor costs given by the labour
and foreign exchange weights in the minimand, the total direct and indirect cost of
cach producing and importing activity is evaluated. Wherever it has a choice, the
model selects the cheaper of the two activities for inclusion in the optimal solution.
Sccondly, having chosen the activity which supplied each sectoral product, tho model
determines the levels of these activitics required to sustain the target year final demands.
The first step in the solution process evaluates the shadow prices for cach soctoral
product, and dotermincs the qualitative pattern of choice between domestic produc-
tion and importing activitics. The sccond step provides a detailed quantitative des-
cription of tho structure of the cconomy in 1975.

Tho independence of these two steps can be exploited to allow for the proper
recognition of each of the two interpretations given to 7* and 9. Let the model first
be programmed with values of 7¥ and 7% appropriato to the dual interpretation, and
record the resulting choice of activities. These are to be included in the basis of the
optimal solution. According to the substitution theorem, this optimal basis should
not be affected if the final demand levels in the primal problem are subscquently
altered. Let the model then be programmed a second time with the 77 and 7' values
appropriate to the primal interpretation, but constrained to choose the samo acti-
vities that were included in the solution to the first run. Thus the sccond run is
designed to provido not an optimal solution—on its own terms—but a feasible solution
corresponding to the basis which was optimal in the initial run. This feasible solution
will then embody both the optimal choice of activitics according to the appropriate
price structure of the model, and the scctoral output and import levels which are con-
sistent with the target year pattern of demand.

6. NUMERIOAL APPLICATIONS OF THE MODEL : SOME QUALITATIVE RESULTS

The p ing model described in the provi ions was applied with
the help of a detailed body of data on the presont and future structuro of the Indian
cconomy. The sources and the mecthodology used to pile tho required data aro
discussed in the Appendix. Given the basic structural cocflicients, and tho initial
conditions of the cconomy in 1965, the model was programmed under a variety of
parametric assumptions about the future in order to provide a wide spectrum of
alternativo (optimal) solutions for 1975. The key parameters include tho following :
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(1) tho rato of growth of exports from 1965 to 1975; (2) tho anticipated levels of a sub-
set of non-competitive import coofficients (xy, ¥4 and &) which might rcasonably be
expected to decline by 1975; (3) the targetted rate of growth of aggregate consump-
tion from 1965 to 1975; (4) the ratio of the weights (03/0L) given to foreign and domestic
costs in the objective function to be minimized

Table 6 displays the al ive values assigned to these key paramecters,
The various cases can be divided into three groups according to the basic assumptions
made about exports and noncompetitive imports. In group A, the rate of growth of
exports was sct equal to 5 percont per year, with an appropriate sectorwise breakdown,
and the values of the relevant non-competitive import cocflicients (applying mainly
to machinery and parts imports) were assumed to fall to one half of their levels during
the Third Plan period.?® In group B, the rate of growth of exports was raised to 7 per
cent per year; and in group C, the non-competitive import cocfficicnts were lowered
to one third of their Third Plan levels.

TABLE 6. IDENTIFICATION OF ALTERNATIVE CASES

rato of growth  rate of growth noncompetitive
import

caso of consumption of oxports

Al 1.5 5.0 i
A2 6.0 5.0 t
A3 4.5 5.0 t
B-1 7.5 7.0 ]
B2 6.0 7.0 H
B3 4.5 7.0 i
c1 7.5 5.0 3
c2 6.0 5.0 E
cs3 4.5 5.0 3

#1975 valucs as comparod with 1960-valuos, for & subset of noncompotitive imports

In each group of cases, the targetted annual rate of growth of aggregate con-
sumption between 1965 and 1975 was fixed successively at 7.5 per cent, 6.0 per cent,
and 4.6 per cent respectively. From the ponding aggregate ption levels
in 1975, related scts of values were derived for the final consumption demand, and
also for the d exog sector ds on both current and capital account,
for the output of each individual sector. Finally, al ive solutions were ted
in every case by varying the ratio of weights on foreign and domestic costs in the
minimand from 4.75 to infinity. Each weight ratio corresponds to an effective rato
of exchange between rupces and dollars.  When the ratio is equal to 4.75, it is assumed

3 To tho extont that noncompotitive import cooflicionts aro reduced in any given caso, tho correa-
poading cooflicionts for inputs of domestically produced goods are inereased.
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that the official exchange rate® measures tho relative scarcity of foreign exchange.
As the ratio is raised above the initial level, a premium is placed upon foreign
exchange, and when the ratio becomes infinite, foreign exclango costs alono enter
into the minimand.

The solution to each programming run can be described in terms of both the
primal and tho dual variables of the linear programming problem., The primal variables
are tho basic choice activities of the model : the (incremental) domestic production
activities, and the alternative importing activities. The dual variables aro the shadow
prices associated with each of the constraints of the system. Theso shadow prices are
expressed in terms of the minimand; thus the shadow price of cach scctoral commodity
denotes the cost of that commodity in terms of the given weighted combination of
primary factor costs.

The primal solution to each of the prog ing runs i
output figures for 136 endogenous production activitics, as well a8 import lovels for
all of the soctors which admit of imports. Because of the vast amount of data involved,
these figures will not be tabulated here,% instead, the primal results will be summarised
in the following section in terms of their ic implications. The di
in this section will focus on the dual results, in so far as they determino tho sectoral
pattern of choice between domestio production and importing activities.

A similar qualitative pattern of choice characterized cach set of solutions under
the various ptions idered. In the solutions for which the weight ratio
0¥[0% was set equal to 4.75, there were—in addition to essential noncompetitive im-
ports—also competitive imports in approximately 30 of the endogenous scctors.
These sectors consisted mainly of modern engincering industries, but included also
some base metals and heavy chemicals; they are listed in Table 7.3! For the remaining
hundred-odd producing sectors—of which about 80 faced competitive imports—
domestic production was cheaper than importing at the pre-devaluation exchange rate,
and was hence preferred for every run of the model. As tho weight ratio was raised
to reflect an increasing premium on foreign exchange, there was a progressivo substi-
tution of domestic production activities for competitive imports. The sectors involved
aro listed in Table 7 in the order in which tho substitution took place under the initial
set of basic assumptions. This ordering was relatively insensitive to the alternative

9 Since most of the work on this study was comploted bofore the devaluation of the Indian rupoe
on June 5, 1966, the *ofllcial exchange rate denotos the old rate of 4.75 rupecs to the dollar

3 A dotailed prosontation of primal scotoral results is given in Chapter VI and Appondix B of tho
suthor's doctoral thesis upon which this papor is based. The reader should note, however, that thoro
have boen some minar changos in the form of the modol, in the data base for the programming runs, sinco
the original work was carriod out for tho thesis.

31 Bocauso of the great number of coefllcients required for the numerical applications of the model
(thore were approximately 6000 watrix entrics in the final form of the lincar programming problem), it
is quite possible that isolated numerical errors may have crept in at various stugos of tho study. Henco
the procise results at the soctoral lovel presented in Tables 7 and 8 should be reganded as preliminary
and interpreted with caution.
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assumptions considered. Finally, in all of the polar solutions for which foreign

oxchango costs alone were minimized, the model predictably replaced all competitive

imports with domestic production activities and thereby reduced the import bill to tho
ini of ial itivo imports.3*

TABLE 7. IMPORT SUBSTITUTION BY SECTOR

«l.no. codono. soctor sl.no. code no. ecctor
738 houso sorvico moters 17. 731 rofrigoratorn
611 machino tools 18, 711 thormal turbo-generators
662ty itors 19. G544 zino

624 agricultural machinery 20. 542 copper

532 forro-silicon
alu m

100 crudo oil

soda ash
822 railway coaching stock

lead

622 mining machinery 25.
i motoreycles and scootors

22 spocial stool 24,

614 pumps 21, 21 sulphurio acid
637 chomical oquipmont 2. 445 chemical pulp

13. 821 railway wagons 20, 423 caustio soda

4. 023 drilling machinory 30. 813 eloctrio locomotives

15, 712 hydro turbo-gonorator 31 812 diosol locomotives

10. 732 air conditionors 32. 640 ball boarings

In the soluti btained by minimizing foreign exchange costs alone, the

shadow prices for each sectoral distribution constraint reflect simply the (minimal)
foreign exchange content of a unit of output from the corresponding domestic produc-
tion activity. For each sector the ratio of the shadow price to the alternative import
price then rey the relative foreign exchang tent of d ic producti
vis-a-vig importing activitics. The higher this ratio, the lower the net saving of forcign
exchange afforded by import substitution. In Table 8, 41 endogenous production
activitics® are listed in the order of their relative foreign exchange content in 1975,
as calculated from the shadow prices of an import-minimizing solution under the
initial set of basic assumptions. Thre is naturally a fairly close correspondence
between the rank orderings in Tables 7 and 8 : sectors near the top of Table 8 are found
closo to the bottom of Table 7. The sequential order of import substitution presented
in Table 7 depends both on the relative foreign exchange contents shown in Table 8
and on the total domestic resource content of each production activity. Sectoral
differences in the latter account for the differences in the ordering of the two tables :
the higher tho rupeo content of a domestic production activity, the later it will substi-
tuto for imports as the premium on foreign exchange is increased.

321t is thoorotically possiblo for tho modol to profor imports to domestio production in forcign
oxchango minimizing solutions if tho minimal forvign oxchango content of domostic production actunlly
by oxcoeds tho corrosponding import. prico. That this was not tho caso hero can bo verifiod from Tablo 8.

33 Tho romaining domostio production activitios that compoto with importa all had percontages
of loss than 30 por cont undor tho initial sot of assumptions.
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TABLE 8, RELATIVE FOREIGN EXCHANGE CONTENT OF
DOMESTIC PRODUCTION ACTIVITIES

. no. o ivit;
sl ne cod aotivity gxulr glsllp
1L 040 ball bearings 95.8  81.4
2. 812 dicsol locomotives B8 72.2
3. 421 sulphurio acid 81.8 7.9
4. 423 caustio soda 9.1 68.0
5. 446 chomical pulp 8.7 041
6. 813  oloctrio locomotives 72.8 03.4
k8 833 motoreyclos and scoutors 58.0 0.6
8. 711 thormal turbo-generators 53.0 4.0
0. 641 aluminium 52.6  45.71
10. 712 hydro turbo.genorators 52.0 44.0
11 532 forro-silicon 49.9 43.5
12, 443 synthotio rubboer 47.1 38.3
13. 822 railway conching stock 46.5 0.1
4. 522 special stocl 46.1  43.1
15, 623 drilling machinory 6.0  30.2
16. 613  diosol engince 45.6 415
1. 422 soda ash 443 38.2
18. 732 air conditionors 42.9 379
19. 731 rofrigerators 42,0 87.8
20, 037 chomical equipmont 42.0 318
21 714 transformors 413 38.6
22, 424 other inorganio chomicals 411 359
23. 614 pumps 40.8  35.7
24, 412 phosphatio fortilizers 390.5 379
25. 622  mining muchinery 39.56 33.2
20. 442 plastics 39.4 323
217, 137  other nonmetallié mincrals 38.2 321
28, 070 othor racchanical enginooring 306.3  30.6
29. 444 synthetio fibros 30.3 3v.6
30. 750 othor clcctrical enginooring 33.6  30.6
3L 612 boilers 3.5 2.5
32, 430 organio chiemicals 33.3 286
33. 611 mochino tools 33.2  28.2
34, 821 railway wagons 32.0  28.9
36. 602 typowritors 3256 27.7
30. 733 wator coolors 32.1 218
37, 617 material hundling vyuipmont 36 2.8
38. 720 cablos,wiros and floxes 314  26.9
39. 382 nowsprint 3.4 209
40. 624 agricultural machinory 3.3 213
41 832 commeroial vohiclos 30.8 20.7
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TABLE 9. MACRO-ECONOMIC RESULTS

(all Sgures in billion rupoes)
] [ Y (] s I E M F
group: A

4.8 388.7 320.8 63.9 68.3 13.2 +9.4
6.00 392.7 320.8 62.9 70.4 13.2 +17.6
7.6 7.50 396.2 329.8 0.4 Kt 13.2 +6.1
porcent 10.00 397.0 320.8 7.2 7 13.2 +5.8

15.00 400.6 320.8 70.7 7 13.2 1 +

L 403.9 320.8 7 13.2 T +4.
4.75 330.7 286.5 44.2 48.6 13.2 17.6 +4.4
6.00 333.6 286.5 47.1 50.0 13.2 10.1 +2.9
6.0 7.60 335.0 286.5 490.1 51.0 13.2 15.1 +1.9
percont 10.00 336.1 286.5 490.6 51.3 13.2 14.9 +1.7
15.00 286.6 51.8 52.9 13.2 14.3 +1.1
© 340.3 280.5 53.8 54.6 13.2 14.0 +0.8
4.76 283.1 218.6 34.6 34.6 13.2 13.2 —-0.0
6.00 285.1 248.6 36.6 35.4 13.2 12.0 -1.2
4.6 7.60 285.3 248.56 36.8 35. 13.2 11.9 -1.3
percont 10.00 285.9 248.5 37.4 35.8 13.2 11.6 —-1.6
15.00 286.8 248.5 38.3 13.2 11.3 -1.9
© 288.0 248.5 30.5 31.5 13.2 11.2 -2.0
4.75 391.3 68.8 15.9 23.2 +17.3
6.00 395.5 71.0 15.9 21.3 +5.4
7.5 7.50 309.1 3.1 15.9 19.7 +3.8
porcont. 10.00 390.8 3.5 15.9 10.4 +3.56
15.00 403.6 70.2 15.9 18.4 +2.6
© 407.1 79. 15.9 18.2 +2.3
4.75 333.0 48.9 15.9 18.3 +2.4
6.00 336.2 50.4 15.9 16.6 +0.7
6.0 7.60 338.3 51.5 15.9 15.6 —0.3
percent 10.00 338.8 51.8 15.9 15.4 —0.5
15.00 341.0 63.3 15.9 4.7 -1.2
© 343.0 55.2 15.9 14.6 -1.3
4.76 285.4 34.7 15.0 13.7 —2.2
6.00 287.6 35.6 15.9 12.5 —3.4
4.5 7.60 287.8 35.7 15.9 12.4 5
Ppercont 10.00 287.9 35.8 15.9 12.3 6
15.00 289.3 36.7 15.9 11.8 —4.1
© 290.6 31.7 15.9 1.6 —4.4
4.76 301.3 69.1 20.8 +17.6
6.00 396.6 71.9 18.3 +5.1
1.6 7.60 399.6 3.8 17.0 +3.8
percont 10.00 400.8 4.4 16.6 +3.4
15.00 404.7 1.3 15.6 +2.4
408.1 80.3 15.2 +2.0
4.76 332.5 49.0 16.2 +3.0
6.00 336.1 286.6 49.6 50.6 4.2 +1.0
6.0 7.60 338.0 280.5 61.56 61.7 13.4 +0.2
porcont 10.00 338.5 86.5 52.0 562.0 13.2 -0.0
15.00 341.2 280.5 54.7 53.8 12.3 -0.9
© 343.2 2580.5 66.7 55.0 12, -1.1
4.75 284.0 248.6 36.1 34.8 13.2 11.9 -13
6.00 286.8 248.6 38.3 35.7 13.2 10.6 -2.6
4.5 7.60 287.0 248.56 38.6 35.8 13.2 10.5 -2.7
porcont. 10.00 287.06 248.5 39.1 36.1 13.2 10.2 -3.0
15.00 289.0 248.5 40.5 317.0 13.2 2.7 -3.5

L] 200.1 248.6 41.6 31.9 13.2 9.8 -3.7
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7. M IMPL ONS OF THE RESULTS
The nature of the detailed solutions to the prog ing runs described in
the previous scction can be further illuminated by ining the i

implications of the scctoral results for 1975. Aggregate consumption C' (at market
prices) appears as a variable in the model.  Aggregate investment ¥’ (at market prices)
can casily be obtained by summing : (1) the fixed and working capital investment
generated by the model in the endogenous scctors; (2) the exogenously given replace-
ment investment in these sectors; and (3) the ly specified i ts V¥
in the exogenous parts of the economy. The aggregate value of exports £ (in dollars)
is exogenously specified together with the corresponding sectoral export domands;
and the aggregate value of imports J! (in dollars) can be derived by supplementing the
endogenously generated import total with an estimate of the total value of imports
of exogenous sector products.3® Given the values of C, V, E and M—and converting
the dollar magnitudes into rupees at the official pre-devaluation exchange rate—the
corresponding values of net foreign capital inflow (F),3 gross savings (S) and gross
national product () can easily be calculated by means of the usual national income
identities.

Table 9 presents the 1975 values assumed by each of the above macrocconomic
variables for a variety of different solutions to the programming model. A4, Band C
represent as before the threo sets of basic assumptions about exports and noncom-
petitive imports; g denotes the targetted rate of growth of consumption; and 03//0%
is the effective rate of exchange (the rupee prico of the dollar). For the purposes of
the analysis, it is most interesting to compare the alternative values of S—as a mcasure
of i 1 d F—as a of 1 quired to sustain
a given targetted rate of growth g of aggregate consumption. Figures 1-A, 1-B and
1-C display the values of S and F (in billions of rupees at 1960 prices) obtained under
the alternative sets of basic assumptions 4, B and C.

For each of the nino cases of Tablo 6, the sct of alternative required combina-
tions of internal and external resources is drawn on the appropriate diagram as a conti-
nuous contour.3® For each group of basic ptions, the three pond
ing to the three different consumption targets can be interpreted as isoquants of an
aggregative function relating the rato of growth of consumption to the inputs of savings
and foreign capital. Additional isoquants of the same kind could be interpolated

3¢ Tho oxogonous importa included hore involve a fow mi i end i
products which could not be classified in any of tho 147 endogenous scctors of tho model. As noted in
Boction 2 food grains for dircot consumption and military supplios for govornment use aro oxluded from this
category.

38 Tho not inflow of foroign capital is defined in this excrciso simply as tho balunce of trade deficit on
morchandiso account, oxluding the import of foodgrains and military supplics. To tho oxtent that foroign
oxchango is roquired for tho latter itoms, or for any net pymonts under invisibles, an additional inflow of
foroign capital would bo callod for.

9 Bocauso thoy actually roprosont a sorios of discrote steps, theso lincs should not really be

oontinuous but pioco.wiso linoar.
287
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TABLE 10. AGGREGATE COEFFICIENTS

incremontal capital import-output ratio
output ratio 1085-1975 1975% (percent)
7 oML A B c A B c

4.75 2.03 2,03 2,04 5.82 5.95 5.34

6.00 2.07 2.07 2.10 5.29 5.39 4.62

1.5 7.50 2.12 2.11 2.13 4.87 4.94 4.27
pereent. 10.00 2.13 2,12 2.15 4.78 4.86 4.4
15,00 2.18 2.18 2.21 4.561 4.57 3.85

0 2.26 2.26 2.28 4.41 4.46 3.713

4.7 2.19 2.18 2.19 5.34 5.49 4.87

6.00 2.23 2,22 2.24 4.82 4.94 4.25

8.0 7.50 2.26 2.20 2.27 4.50 4.02 3.96
percent. 10.00 2.27 2.27 2.20 4.44 4.66 3.90
16.00 2.32 2.32 2.35 4.23 4.32 3.61

© 2.30 2.30 2.41 4.13 4.25 3.52

4.75 2,50 2.47 2.48 4.67 4.82 4.18
6.00 2,53 2.51 2,54 4.23 4.34 3.70

4.6 7.50 2.54 2.52 2.565 4.18 4.30 3.67
porcont 10.00 2.50 2.53 2.560 4.08 2.27 3.60
15.00 2.59 2.58 2.62 3.96 4.07 3.97

© 2.60 2.04 2.67 3.80 3.07 3.2

*1005 valuo = 7.60
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to different ption targets. Tho left-hand end of the continuous part

of cn.ch contour corresponds to tho solution in which tho weight ratio in the minimand
conforms to the official pre-devaluation rate, while the right-hand end corresponds to
the solution in which all the weight is placed on forcign exchange. The contours could
also be extended further to tho left (as indicated by the broken lines), where they would
correspond to solutions based on weight ratios giving even greater emphasis to domes-

tio vis-a-vis forcign costs.

Read from left to right, tho isoquants of Figures 1-ABC reflect the substitution
of domestio production activities for competitive imports that takes place as the
premium on forcign exchange is raised. The marginal rate of substitution between
savings and foreign capital inflow—given by the slope of the isoquants—shows consi-

derable invariance under the alternative idered. Up to an eflc

exchange rate of about twice the official p 1 rate, the isoquants are almost
straight lines®” and are also bly parallel as L cases. Thus for a wide
range of combinations there is a more or less t trade-off b d tic and

foreign eflort which equates one rupee of net foreign capital inflow with roughly two
rupees of gross domestic savings.

The marginal rate of -ubsmutlon betwcon snvmgs and foreign exchange
increases rapidly as the foreign exch i is approached at the right
hand end of each contour. This pomc defines the limit beyond which savings alone
are of no avail in raising consumption possibilities. Further to the right, there is no
more scope for import substitution, and the isoquants become straight lines parallel
to the savings axis at a level representing the minimum net inflow of forcign capital
required to sustain the given targetted rate of growth of consumption.

For each sct of basic assumptions, a cut-off line joining the right-hand ends of
tho three different consumption isoquants divides the range of values where there are
substitution possibilitics (to tho left) from the range of values where there is no further
scope for import substitution (to the right). Each cut-off line can be used to deter-
mine the maximum amount of savings that can be translated into productive invest-
ment, and hence also the maximum sustainablo rate of growth of consumption, cor-
responding to any given net inflow of forcign capital. Conversely, the cut-off line can
bo used to evaluate the minimum level of net forcign capital inflow consistent with
any given rate of growth of consumption.

Under the initial set of basio assumptions, the maximum rate of growth of
consumption that can be sustained without any net capital inflow appears from Figure
1-A to be approximately 6.5 per cent per year. This would eall for gross savings of
about 60 billion rupees in 1975, representing an averago rate of saving of 15 per cent

97 Tho isoquants cannot bo porfootly straight lines, for at cach sucoossivo import substituting
stop tho marginal rato of substitution nocossarily changos.
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in 1975, and an implicd marginal rate of saving between 1965 and 1975 of close to 19
per cent. To achieve a targetted rato of growth of consumption of 7.5 per cent
per year, the minimum net capital inflow in 1075 would appear to be between 4 and 5
billion rupees. This in turn would require gross savings of close to 75 billion rupees
in lﬂh,uhuh implies an average rate of 18§ and a marginal rate of 23} per cent.
Al ® gies with less hasis on imp.~t substitution would allow the same

ption targets to be achieved with lower rates of saving and higher levels of
foreign capital inflow.

To study the effect of changing the underlying assumptions about exports and
noncompetitive imports, it is helpful to superimpose the isoquants of Figures 1-B and
1-C on those of Figure 1-A; the result is shown in Figure 1-D. As compared with the
initial sct of assumptions 4, it will be observed that the more optimistic export projec-
tions of B, or the lower values for noncompetitive import cocflicients of C, have the
effect of displacing the isoquants downward. Thus they allow the same consumption
targets to bo satisfied with less savings and/or less forcign capital inflow, and they
allow higher ption levels to be attained with any given combination of internal
and external resources. Furthermore, the isoquants—and henco the cut-off lines
—under B and C are also shifted to the right, relative to their position under 4. This
means that a greater amount of savings can be translated into productive investment
for any given level of net foreign capital inflow.

At a zero trade deficit, either tho higher export projections or the lower non-
competitive import cocfficients allow for a maximum (productive) level of gross savings
in 1975 of approximately 65 billion rupces, which in turn will sustain a maximum rate
of growth of consumption of the order of 6.5 per cent. As compared with the initial
results, the more optimistic assumptions thus permit an increase of 1 per cent in the
rate of growth of consumption without any additional foreign capital inflow. The
correspondmg averago and marginal savings rates arc 18 per cent and 23 per cent,

ing i of 3 per cent and 4 per cent over the requirements
of thn mltml cuso. Theso differences serve to emphasize the critical importance of the
basio assumptions underlying cach particular solution to the programming model.

The macrocconomic results of the study can also be interpreted in terms of
the aggregate demand for, and supply of, forcign exchange. Under any given sct of
basic assumptions, and for any given targetted rate of growth of consumption, the
variation in the effective rupce price of the dollar (0¥/0Z) traces outan aggregate demand
curve for foreign exchange.® As the price rises from the official pre-devaluation rate
of 4.75 up to infinity, tho successive solutions to the model provide for a progressive
reduction in tho total import bill and hence in tho demand for foreign exchange.
Figures 2-ABC illustrate this relationship for tho alternative consumption growth

% For a similar intorprotation, sco Chonory (1955); Figure 2 in tho cited article is analogous to
Figuroa 2-ABC of tho prosont study.
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targets under each sct of basic assumptions 4, Band C. Each demand curve is shown
as a smooth curve® in the range of prices from 4.75 to 14.00 rupces per dollar; a short
arrow at the right-hand end of cach curve defines the minimum valuo of the import
bill attained as the prico of foreign exchango goes to infinity.

Largely because of considerations of data nvmlablhty. the scope for optimi-
zation in the model was limited to the cholce production and im-
porting activitics, and no end was permitted to choose among
exporting activities.® As a result, the scctoral export levels were made independent
of the variation in the weights given to domestic and foreign primary resource costs
in the minimand, and the aggregate supply curve relating the supply of foreign exchange
to its effective price becomes in each case a horizontal line, In Figures 2-A and 2-C,
the aggregate supply curve is drawn at the constant total value of exports of 2.78
billion dollars; in Figure 2-B, exports are fixed at a level of 3.35 billion dollars.

The supply curves of Figures 2-ABC bring out clearly the implicit assumption
of price inclasticity in the 1 d d for—or the internal supply of—each
endogenous sectoral export. Ifin fact there is significant price clasticity in the sectoral
demand for and supply of exports, the aggregate supply curves of foreign exchange
should have positive slopes whose magnitude would depend on the numerical values
of the relevant elasticities. To the extent that optimal sectoral export levels do vary
with the effective price of forelgn } the prog; ing model und the
possibilities of substituti ! ic and foreign resources in the economy, and
the implications of any single solution to the model should be interpreted with caution.

8. CoxcrLusioN
It may be useful, in conclusion, to compare the qualitative nature of the macro-
economic results that cmerge from the multisectoral model of this study with the results
obtained from aggregate models of a similar kind. Chenery and Bruno (1962),
\IeKmnon (1964), and Chenery nnd Strout (1966) have worked with aggregate models

h g the two independ traints on growth imposed by savings, on the
one hnnd nnd by foreign exclmngc, on the other. The savings constraint is a familiar
one : g a 1 capital-output ratio, the rate of growth of

an economy is llmlted by the rate of investment which is equal to the sum of domestic
savings and foreign savings (net capital inflow).

The pl of an independent foreign exchang i lms been more
ly din ion with the industrialization of underdeveloy ies. !t
When exports are limited ly (c.g., by stagnant world d d), and when

)y imports are required in fixed proportions for domestic production and/for

.  Liko tho isoquonta of Figurca 1-ABC, tho demand ourves of Figurcs 2.ABC actually cover &
scrios of disoroto stops and should be pioce.wiso lincar.

4° 8oo footnote 4 above.
41 800 MoKinnon (1064) for & conoiso disoussion with roferonces to eatlier work.
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investment, there is always a point boyond which potential domestic savings cannot
be put to use, and the growth of domestic output cannot be increased, for lack of foreign

hange to purchase specific comp y imports. At this point, a higher growth
rate can be nttnmcd only by \\orlung directly on the foreign exchange constraint—
by i ing exports, red petitive imports, or recciving additional

foreign aid (not capital lnﬂow)

The implications of a simple aggregative model emb g these two

could also be ponrn)ed in the form of the graphs in Flgurel l-ABC With a nnglo
aggregate capital-output nmo, und asinglo nggn-gals ratio of imports to total output,
the result would be p g of two straight lines meeting at
a cut-off line of the same kind as lhown in the ﬁgures To the right of the cut-off
line, the isoquants would be parallel to the savings axis, reflecting the fact that the
foreign exchango constraint was binding and additional savings alone were of no use
in raising consumption possibilitics. To the left, the isoquants would be straight
parallel lines, reflecting the trade-off L savings and forcign capital
inflow that prevails when the savings constraint is binding. Since, under these cir-
cumstances, foreign capital inflow plays only the role of foreign savings, the slope of
the lines would be 45 degrees in the case of oufput isoquants. In the case of consump-
tion isoquants of the kind shown in Figures 1-ABC, the slope of the line would be less
than 45 degrees because, unlike domuuc savings, foreign nvmgt add to the total
supply of savings without sul g from total P

By contrast with the results of an aggregative model, the results of the multi-
sectoral model of this study—involving a wide range of substitution possibilities
bet duction and imports—show a relatively smooth approach to the
forcign exchange bottlcneck There is still, to be sure, a cut off line beyond which
no further possibilities for substitution arise; however, this cut-off line is reached only
after all possibilities for import substitution have been exhausted. In the process,
the overall import-output ratio in the y gets dep d to a mini level
well below its baso year value, and the overall capital-output ratio riscs above what
it would have been with less import substitution Thus the rigid implications of the
aggregative model are tompered by the introduction of choice among linear acti-
vities at the sectoral lovel,

The clement of choice in the progmmmmg model is brought into play by

of the effective rate of exch the rupee and the dollar. The

Iti llocation of d ic and foroign resources is reflocted by changes in the
values ol‘ tho aggregate capital-output and import-output ratios, Table 10 presents

42 The assumptions of a singlo upnnl»output ratio and . singlo import coofficiont could be relaxed

to difforont i with and i the basio charactor of
tho aggrogative modol, as woll as tho would romain
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the alternative values®3 for these ratios implied by alternative solutions to the program-
ming model. 4, B and C represent as before the three sets of basio assumptions about
exports and petitive imports; g d the targetted rate of growth of consump-
tion; and 0M]0L is the effective rate of exchango (the rupee price of the dollar). It
is clear from the table that the values of the two ratios vary not only with 040, but
also significantly with g and—in the case of the import ratio—with the alternative
assumptions A, B and C.

The multisectoral linear prog ing model of this study provides a more
flexible—and hence also a more realisti P ion of the y than any
simple aggregative, or less disaggregated, model could. In at least two important
respects, however, a greater degree of realism could be achieved by widening the scope
for choice in the model. First—as discussed at the end of Section 7—sectoral export
levels could be made a function of the effective rate of exchange.** Sccondly, the

position of ption,—which was fixed (at the margin) for the present
exercise—could also be allowed to adjust to some extent to the relative scarcity
of domestio and foreign resources.!s

toral

Each of these extensions would have the effect of allowing for even greater
flexibility in the model; for any given variation in the effective rate of exch an
even greater degree of re-allocation of resources would be called for. The increased
possibilities of substitution would further weaken the rigid conclusions of the simplest
aggregative model, and push somewhat further back the spectre of a foreign exchange
bottleneck. Whether this spectre can—in the Indian case—actually bo wholly
exorcised would depend on the extent to which export levels and consumption patterns
are, or can be mado, responsive to price changes. This is clearly a subject on which
much more quantitative rescarch will have to be carried out before any definitive
judgments can bo made.

“The incromontal capital-output ratios listed in Tablo 6 wore caloulated by relating tho total
ive gross i i from 1063 to 1973 to tho increaso in aggregate production capa-
city from 1005 to 1975; thus & two-yoar avorage invostment output log was sssumed. The actual figurcs
obtainod dopend on an estimate of the oxtont to which ovorall eapacity excoodod actual output in the Indian
economy in 1905, Bince any such cstimato is nocossarily vory uncertain, the absolute valucs given in the
tablo should be interprotod with somo caution. More reliance can bo placed on relative valuce, which aro
in any case tho moro significant from tho point of viow of tho analyuis.

4 Work is now in prugress on an oxtonsion of tho model to incorporato choico of exporting
activitios with diminishing marginal carnings of foreign oxchange.

4 I am indobted to 8. Chakravarty for emphasizing this point.
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Appendix
DATA SOURCES AND METHODOLOGY

A vast body of data was required to apply the model formulated in Sections 3-5.
Tho data requirements fall into three groups : (A) values for cocflicients which describe the
structural relationships between the economic variables of the model; (B) valucs for variables
which depend only on the historical p of the economy, and are thus (in principle)
known in advance; and (C) values for parameters which relate to the specification of the targets
of the model, and which must be exogenously assigned in advance. In the pages to follow,
the sources and hodology used for obtaining each group of data requirements will be
bricfly di: d; a detailed p ion, together with a complete listing of the actual
numerical values used in the programming runs, is given in Chapter V and Appendix A
of tho doctoral thesis upon which this paper is based.¢

(A) The structural cocfficients required for the implementation of the model can be
divided into three groups consisting of matrices, vectors and scalars, respectively. The matri-
ces U, A°, A°®, B*®and S* describe the tech: ic interindustry relati between the
147 endogenous scctors (listed in Table 1) and the 136 domestio production activitics. As
discussed in scction 2, a single production activity corrcsponds to each of the endogenous
sectors with the exception of six sectors of noncompetitive imports (142, 144, 413, 545, 546,
547) and six sectors of petroloum products (241 through 246). Tho matrix U measures tho
outputofsector § products which results from operating the production activity j at the level
of a single unit; thus u; is equal to ono wh thereisa to-one spond between
scctor ¢ and activity j, and wj is otherwise nonzero only in the case of the six petroleum
products produced by the single petroleum refining activity. The six corresponding coeffi-
cients were determined according to the average output proporti ded in the producti
statistics for the Third Plan period.

Two current flow jces were required for the application of the model : the matrix
A°, which is applicd to production from (old) eapacity existing already in 1965, and the matrix
A®, which is applicd to production from (new) capacity installed between 1965 and 1975.
The matrix A° was d first, with coeflici pplicable to prod activities
during the Third Plan period. Subsequently, an evaluation was made of all those coeflicients
af) for which information was available on changes in the future: this information was

P d to yicld i 1 flow coefficicnts ajy which were substituted into the initial
matrix A° to yield the new matrix A% The use of theso two distinct current flow matrices
to deal with technological changes in input is preferable toth f asingl bined

A matrix for 1975 insofar as new processes depend upon the introduction of new plant and
equipment rather than on tho mere passage of time. This is likely to be the caso in most of
the endogenous production activities of the model, except with respect to inputs of transport
services. The shift which is anticipated from rail to road goods transport cannot bo regarded
a8 a function of the increases in industrial capacity between 1965 and 1975, and hence a single
set of expeeted 1975 transport input cocflicicnts were entered into both the 4° and the 4*
matrices,

48 As noted in footnote 30, there have beon somo minor rovisions of the data—based on moro
rocontly availablo figuros—sinco tho original work was carriod out for tho thoeis,
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Tho guiding principlo in the wnnlmehon of the current flow matrices was to rely
as far as possible on technologi i d engincering data rather than on statistical
surveys for any given year. Becauso of tho attention focussed in this study upon import
substituting industries, many of which in India were either non-existent or operating at very
low levels in the past, historical data obtained from available surveys are often quite un-
ry. For such industries it is preferablo—if not ial—to draw upon the techno-
logics of other, more developed economics. In the form of norms used in the construction of
‘material balances’ for a varicty of strategic commoditics, much uscful information about the
present and futuro technological structure of the Indian economy has been gathered by the
Perspective Planning Division (PPD) of the Planning Commission. In addition, a number
of other rescarch groups and organizations have prepared demand studics based upon the use
of technological as well as historical norms. In this study an attempt was made to incorporate
this information into the input-output matrices so that isolated material balances and demand
projections could be analysed within a single, structurally interdependent framework. The

ive disaggregation of the industrial part of the into well-defined homogenous
sectors, whose output can be measured in physical as well as value units, greatly facilitated
the absorption of the technological norms.

ol

The sources of data for the matrix coeffici isted mainly of ial bal
demand studics and utilization p for individual products as inputs. Where this type
of row-wise data was not available, the more usual column.wise data provided by official
industrial surveys was drawn upon to complete the ge. In the industries for which
small-scale production was significant, norms were evaluated sep ly for large-scale and

small-scalo enterpriscs and aggregated with weights reflecting their resp
to output in 1965. After the base year matrix 4° was constructed, a consistency check was
carried out by applying the cocfficients to the actual output levels of the endogenous acti-
vities in 1965 and balancing the input-output accounts. In the few scctors where the dis-
crepancy was too large to be explained by changes in stocks, some further readjustments
were then applied to the cocfficients of input into the residual sectors for which the data
baso was in any caso tho weakest.

Tho incremental matrix A® differed from the base year matrix A° in a number of
significant napecu All of the mpuu of fuel and power were different. As noted earlicr,

the transp were adjusted in both the A° and A4 * matrices to reflect the changed
pam'm of transport anticipated in 1975. The substitution of aluminium for copper in metal

i industrics was explicitl, gnized, and a number of other metal input coeffi-
cients were changed to reflect the izing of non-fe metals. Changing input struc-

tures for steel, nitrogenous fertilizers and several other chemical industrics were also taken
into account. The very fact of a high level of disaggregation in the scctor classification
obviates the need to anticipate changes in the due to changing product
mixes within more broadly defined scctoral aggregates.

The construction of the capital matrix B* procceded along two scparate lines involv-
ing tho inputs, respectively, of machinery and construction materials.4” For each produc-

tion activity, the ratio of the ks value of hinery and equip to the total value

o Ooutnmm is not treated in the modol as an endogonous industrial activity. Instcad, the
dnmlnd for ials from the ul“mw is related dlm(ly to the expansion of
the aotivitios by ding in th ital i terials as woll as for

machinory and equipment.
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of investment was first determined, and this ratio was further broken down into the threo

broad categ loorienl machinery, lectrical machincry, and transport equip
on the basis of information drawn from studics carried out by tho PPD. The remaining
detailed breakd: into the hinery classification required for this study was then deter-

mined by using proportions based on a matrix of capital coeflicients prepared for the United
States economy.*®

The general procedure for evaluating construction material cocflicients was as follows.
First, the cconomy was divided into fifteen exhaustive sectors for which the nature of the
construction activity was materially different. Nine of these construction sectors encom-
passed the sectors classified as exogenous in this study; the remaining six—hydro electricity
g thermal clectricity g i lectricil ission and distribution, mining
and oil production, large-scal facturing industrics and small-scale industri ered
the endogenous activitics of the economy. For each of the fifteen construction sectors,
the total investment outlay in the Third Five Year Plan, the proportion of the outlay intended
for construction, and the estimated demand for the individual construction materials were
tabulated on tho basis of PPD and various other demand studics. Ratios of the demand for
these construction materials to the total investment outlay were then calculated for each of
the construction sectors. In the caso of several minor construction materials, common
input cocflicients for all sectors were evaluated according to the ratio of the total availability
of the material to the total construction outlay in 1965.

It would have been possible to include the fifteen types of construction sectors as
1 activitics within the endog: interindustry structure. Since most of the
construction sectors, however, are specific to particul g or endog iviti
(or groups of activitics), it was more convenient to relate the demand for construction materials
directly to the corresponding capital formation. In the case of the nine exogenous sectors,
the construction demand ratios discussed above were retained for use in calculating the exo-
genous i demand coeffici for i ials. In the case of the six
endogenous construction sectors, the ratios were suitably weighted to derive for each of the
endogenous mining, power and manufacturing activities in this study the relevant construc-
tion material coeflicients in the capital structure matrix.

The capital structure of the transportation services poscs special problems, and was

not treated in the same way as in the other end tiviti Only port equip-
ment was related directly to i in endog port capacity. Railway t
tion and mai as well as the development of the national road system were treated

a8 exogenous capital formation, and the demand on these accounts was included in the cor-
responding exogenous demand scctors. The requirements of the different kinds of transport
equipment aro related in the matrix to tho total value of the equipment in the corresponding
transport activity. Since it is incremental cocfficicnts which are relevant for the treatment
of investment in the model, and since there will be a marked chango in the pattern of utili-
zation of steam, diesel and electrio locomotives, as well as in the efficiency of utilization of
wagons, i 1 stock coefficit derived on the basis of information on future changes
given in PPD studi Vi bstituted wh necessary for baso year cocfficients ob-
tained from official transport statistics.

4 §oo R. N. Grosse (1953).
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As a rough i y check on the capital-capacity ratios (di d Jater) and the
capital structure matrix, the vector #*and the matrix B were ap]ulu.-d to the estimated changes
in capacity in the endogenous production activities between 1960 and 1965. The resultant
endogenous demand for inputs into net fixed capital formation was then compared with
total availability of capital equipment and construction materials during the five year period
1960-1965, after deducting for replacement demand and demand on capital account from
the exogenous sectors. Wherever significant discrcpancics arose, uniform adjustments were
made in the input coefficients from the sector in quesiion.

The last of the structural matrices required in the model is the (incremental) matrix
of inventory coefficients S°. In the absence of detailed information on the interindustry
structure of working capital stock requirements, the simplifying assumption was made that
a supply equivalent to three months’ output of each storable commodity is held as inventory
throughout the economy. Thus §* becomes an almost diagonal matrix of the same form as
U, except that zero s} entries correspond to uy entries for scctors whose products cannot be
held in inventory (e.g. electricity, transport serviccs). The value of cach nonzero 8 is
then precisely equivalent to one quarter of the corresponding value .

The vectors of structural coefficients required by the model include the following :
(1) the incremental capital-capacity ratios ﬁ,, (2) the consumption and exogenous demand
coefficients y§, ¥ and @}; (3) the peti import coeffici Hi, ¥y and £5; (4) the
durable good stock-flow ratios oy; (5) the import prices my; and (6) tho labour cost
coefficients A%, A] and Af.

The g were c-lculncd primarily on the bnm of ﬁguren collected by the PPD on
pected additions to capacity, and the of fixed i
Jn the Fourth Plan period.

P q

Both the y; and the 7} were calculated indirectly by first projecting consistent sets
of ption and exog i diate good sectoral demands to the yeur 1975 and
then determining the y§ and 7% implicit in the projecti The p
were made partly on the basis of information on consumer behaviour obtained from studies
with National Sample Survey data, and partly on the basis of production levels for 1975
projecu'd by tl\e PPD The resulting values thus take into account both the differing ex-
p of demand, and the differing prioritics for consumption goods

ded by the gov l The projections of exog sector demand for
endogenous intermediate goods were based on the view of tho future contained in PPD
studies.

The ¢¥ were determined directly according to scctoral norms used in studics of invest-
ment demand in the Third and Fourth Plan periods. The construction material norms were

obtained in exactly the same way as the construction ial coefficil for the g
activitics in the matrix. Machinery norms were calculated by relating the total estimated
availability of each rel type of machinery to the corresponding investment outlays in

the Third Plan period.

The values given to the petitive import coeffici M, ¥y and & in the target
year 1975 are crucial to the outcome of each run of the programming model. Estimates for
all of these cocfficients wero first made on the basis of production and import data compiled
for the Third Plan period, using the avcrago ratios provailing during the whole period.
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Subsequently, an assumption had to be made about the extent to which the values of these
cocflicients could be reduced by 1975. Tn order to allow for analysis of the sensitivity of the

results to variations in the cocflici two different ptions were made to derive two
alternative sets of values, The initial assumption was that al! of these noneompeuuvo
import coefficients would be cut in half by 1975; the all i d more op

assumption was that the valucs would be reduced to a third of their initial levels.

The cocflicients £ for imported parts and components were evaluated with the help
of import data for the engincering sectors, where a distinction was made between the import
of complete units and of parts. Tho total value of parts imports of cach type of equipment
in any given year had to be related to the sum of the domestic production and a part of the
existing stock of that type of equipment. The fraction of the stock to be included represents
that proportion for which imported parts have to be replaced overy year : it can be estimated
as the reciprocal of the average life of tho relevant parts. For the purposcs of the study, the
average life of all imported parts—denoted in Section 3 by z—1was assumed to be two years.
The required production data were collected from dard sources and the required capital
stock figurcs were estimated according to a formula analogous to equation (3.30) of
Section 3.

In order to deal with the import of parts and comp for
sector capital stock, values of the stock-flow conversion factor o are required for elch scctor
§ producing durable equipment. If the output of scctor § is assumed to grow at a constant
exponential rate of growth ry, and if the average life of equipment of type i is 2, then tho fol-
lowing formula can bo derived* for oy :

1.

g 1= e (A1)
L3

In the estimation of the oy, the rates of growth r; were assumed to be uniformly equal to 10
per cent per year, and tho z; were sct.equal to 10 years for consumer dursables, 30 years for
transport equipment, and 20 years for all other types of machinery and equipment.

The scctoral import prices m; are crucial to the operation of thu choice mechanism
of the model, since they determino the relative p bility of i ivities which
compete with domestic production activitics, The price m; n-pmen!s literally the rupee
value (at 1960 producers’ prices) of a dollar’s worth of imports (at c.i.f. prices) of sector &
products. For the majority of scctors of the model whose output is reasonably homogencous
and can bo measured in consistent phyllcal units, it was possible to evaluate the 7; by dividing
the iate 1960 rupee prod * prices per physical unit by the corresponding dollar

import prices obtained from forcign trade statistics.

For the remaining sectors (including all of tho ‘residual’ scctors defined in Section 2,

and most of the machinery scotors of the 609 and 700 groups) whose output encompasses a

& wide varicty of related products, this procedure could not bo followed. The hetcrogeneity

of the scctoral output, as well as the unquantifiable differences in quality that characterize

even a single typo of product, rendered futile any attempt to collect a representative sct of

parable import and d i d " prices. In the face of such statistical difficultics,

it was necessary to make an exphcn, (if somewhat arbitrary) assumption about the rupee valuo
of a dollar’s worth of imports.

“Fora of this formula, soo footnote 10 to Chapter V of tho doctoral thosis.
301




SANKHYA : THE INDIAN JOURNAL OF STATISTICS : Series B

The approach adopted for the purposcs of tho model was to sct the import prico
for each heterogencous scctor equal to the official exchange ralc“' of 4.75 rupees to tho dollar.
This procedure lmpllu that a rupce's worth of d at producers’ prices is

cquivalent to a rupee’s worth of imports at c.i.f. prices. 1t is consistent with the assumption
that the excess of the domestic market price over the c.i.f. import price of the same good can
be accounted for entirely by tho margin of indirect taxes, trade and transportation costs

over the ex-works price of domestic output.®

Although three scts of labour coefficicnts (A3, A3, Af) occur in the algebraic formulation
of the model, a lack of sufficient quantitative information made it impossible to distinguish
botween the operating labour cost of old (A9) and new (A7), productive capacity. Thus numerical
values were estimated for only two sets of cocfficienta : Ay, the total wage bill per unit of pro-
duction in activity j, and Af, the total cost of construction Iabour per unit increase in capital
stock in activity j. The /\, were cstimated by multiplying ratios of value added to producer’s
price (compiled by the PPD) by ratios of wage cost to value added (drawn from another mter.
industry study of the Indian economy).* The AP were d ined by iplying coefli
of total construction cost per unit increase in each sector j by a fraction representing the
wago proportion of total construction cost, which varicd between activities according to the
share of large-scalo and small-scale enterprises; the same sources were used as in the estimation

of tho A;.

(B). The historically predetermined variables include the base-year production levels
&); the base-year consumption levels &; the target year residual capacity levels Zf; thetarget
year residual stock levels 3f; and the target year exogenous replacement investment demand
€. The ZJ were determined from official sources of production statistics for organized indus-
trics, supp d by infe ion on Il-scale industrial output given in various plan
documents. For a majority of sectors, figures were obtained first in physical units, and sub-
sequently converted into 1960 producers’ price values on the basis of price data obtained from
standard statistical sources. For most of the endogenous scctors whose products enter into

P the entire d ic availability of output (i.e. production plus imports minus
exports minus additions to stock) could be attributed to ption and used to

80 8oa footnoto 20.

81 Tho use of the official oxchange rate as a measuro of the marginal rate of substitution between
8 dollar's worth of importa (at c.i.f. prices) and a rupco’s worth of domestio output (at producers’ prices)
is opon to tho criticism that tarifla and/or quota reatrictions on many of the goods concerned suggest a
higher implicit exchange rate than 4.75 rupees to tho dollar. Tn the absence of a detailed investigation into
tho structuro of tariffs and quota restriotions (a task which*was boyond the scope of this study), it might
bo dosirablo to i with implicit oxchange rates for the h soctors sot unil ly higher
than tho (pro-dovaluation) official rate—e.g., at the post-dovaluation rate of 7.5 rupcca to the dollar. It
should be noted, howevor, that any such chango would call not only for rovision of the =, but also for ad-
justmonta in all of tho input i involving the ding rowss. This is bocause tho coofticients
woro originally cstimated on tho basis of flows involving both domeatically produced and imported goods,
which woro aggrogated (sccording to standard practico) at the provailing exchango rate of 4.75 rupco to
tho dollar. In ordor to achiove consistency with a difforont sot, of implicit oxchango ratce, it would bo neccs-
sary to ro-computo thoso coofficionts using the now ratos for sggrogating tho domostio and forcign component
of each input flow.

3 Soa Manno and Rudra (1965),
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the ponding é}. In the ining scctors whose output is only partly destined for con-
P the &) were csti A as row residuals from a sct of input-output accounts cons-

tructed with the aid of the base-year current flow matrix A°.

In the absence of specific data for the individual productive activities ding the

idual capitalstock that will bo available in 1975, it was nccessary to estimate the 2R and 3}

by applying depreciation factors to the actual levels existing in the base year 1965. Ifitis

assumed that the stock of capital equipment in cach activity j has been growing at an ex-

ponential rate ry, and that cach type of capital equipment i is used for exactly 2 years before

it is retired, the following formula can be derived®® for the fraction dyy of base year capital
cquipment of typo i in activity j which will have been retired within T years :

T
3= ST =L (A2
= (A.2)

Thus if £ and Efj denoto baso year and target year residual capital equipment of type §
in activity j, we have

B = (1—8ikg. . (A3)
Now it is clear that 5} can be expressed very simply as
=3 = 3 (1=8iks. e (A4)
In order to d ine the depreciation factor applicable to base-y: d

b,
capacity of cach activity j, it is necessary to allow for the different average lives 5 which
characterize different types of capital cquipment i. By convention, this depreciation factor
3 was determined according to the rate implicd by the type of capital cquipment with the
longest life (and hence the slowest rate of depreciation). Thus

&= n:in &y w (AB)

and the target year residual zj was henco expressed as

2} = (1-8)5y v (A0)
where 5{ denotes the base year capacity level in activity j. 1t follows that, for all other types
of capital equip a capital repl t term kj; must bo calculated to make up the

difference between the stock of equipment of type i actually remaining in the target year and
the stock required to sustain tho target year residual productive capacity in activity j. This
replacement term is given by
Ky = Gy—dpky. e (AT
The total amount of capital of type i that is required for such replacement in the endogenous
activities between the base and the target years is thus equal to .‘..; ky, and this generates the
I i demand #F in the target year:
o =97 S Ky= ¥ SO-4) . (A8)

8 For a dorivation of this formula, sco fuotnoto 4 to Chaptor V of the doctoral thesis.
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Thus the k icall, d ined variables Zf, 3 and &F were estimated® (according to

cquations(A.4),(A.6) uml (A.8)) in terms of tho 1965 eapacity and capital stock levels i and K,

the stock-flow conversion factor 7¥ and the depreciation factors 8;. The 8 aro in turn

functions of the rates of growth ry prior to 1065, the averago lives z of cnpi(nl equipment

and the ten-ycar time interval T' between 1965 and 1975.  The values for 5] were drawn from

plan documents. In the absence of more accurate information, values for l' were calculated
ding to the following equation :

k= b855) e (A9)

where b3 and gj are the capital i and i | capital-capacity ratios for pro-
duction activity j. Tho rates of growth r; were calculated on lho basis of available time
scrics on industrial output. The average life of all types of machinery in the industrial
producti ivitics was 1 to be 20 ycars, and tho average lifc of construction

ials and was d to bo 40 years; hence there were just two &y to be
calculated for each activity j.

(C). The ly specified y of the p ing model include : (1)
the aggregate value of endogenous consumption C in the target year 1975; (2) the corresponding
value of 7 and F* for cach of the exogenous sources of demand in 1975; (3) the expected
rate of growth of population n between 1965 and 1975; (4) the vector of export demands
& from cach endogenous sector in 1975; (5) the sct of upper bounds #}! on production levels
for crude oil and a limited number of mining activitics in 1975; and (6) the stock-flow conversion
factors ¥ and 3" in both their primal and their dual interpretations.

Three ive sets of ptions were made for the target ycar variables c,
T% and F%, corresponding to annual rates of growth of total consumption between 1965 and
1975 of 7.5 per cent, 6.0 per cent, and 4.5 per cent, respectively. Given each rate of growth,

as well as an estimate of 1.0 for the elasticity of endogenous sector consumption with respect

to total consumption, the known 1965 level of endogenous consumption =X &} was pro-
[

jected to the target year 1975 to determine tho ponding valuc of C. Esti for the
associated target year values of 7% and T* were first made for the caso in which total con-
sumption was assumed to grow at an annual rate of 7.5 per cent. Sinco this leads to 1975
figures which are close to those sct out in the perspective plan of the Planning Commission,*®
the cstimates for 7% and F* wero based on figures drawn from related plan documents.
The corresponding estimates for the remaining cases of 6.0 per cent and 4.5 per cent rates of
growth of total consumption were derived by reducing somewhat arbitrarily the initial esti-
mates for the 7.5 per cent case.

8¢ Bocauso the nature of the capital equipmont required for roplacement and oxpansion of capacity in
sovoral of tho transport activitios was known to diffor considorably from the naturo of the stock existing

in 1905, a slightly difforont procodure was used to caleulato tho 2ff, 3 and 5 in thoo activitice.
% Boo Government of India (1064).
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Tho rate of growth of population n was set equal to 2.5 per cent per year in every
case, 8o that the implicd rates of growth of per capila consumption were 5.0 per cent, 3.6
per cent and 2.0 percont respectively.

Two alternative scts of projections wero made for the 1975 endogenous sectoral export
demand levels &; and in cach case the corresponding dollar values of total exports and exo-
genous imports® in the target year were also estimated in order to permit the determination
of the overall balance of trade. The first set of export demand projections—reflecting an
annunl rate of growth of total exports of 5 per cent from 1965 to 1975—was based on figures
drawn from the Ministry of Commeree,*” and the sccond sct—reflecting an annual rate of
growth of 7 per cent—was based primarily on the perspective plan of the Planning Com.
mission.®

The figures used for the production bounds Z} were based on a mixture of guess work
and forecasts in various plan documents.

According to equations (5.4) and (6.5) of Scction 5, the primal values to be assigned
to the stock-flow conversion factors ¥ and 3 can be derived as a function of the four para-
meters :  T(the timo interval from the base to the target year), 0 (the average investment
gestation lag), 1 (the average annual rate of growth of capital stock between the base and
the target year), and rT (the average annual rato of growth of capital stock after the target
year). Thus, to determine the appropriate primal values for ¥ and ¥ it suffices to specify
the corresponding values of theso four parameters. T is of course equal to 10 years; 0 was
assumed to be 2 years. The value assigned to r° must be related to the target year final
demand goals; the higher the planned rate of growth of ption and other exog
sources of final demand, the higher the rate of growth of domestic productive capital stock.
As a first approximation, r° was in every case set equal to the corresponding rate of growth
of consumption (7.5 per cent, 60 per cent or 4.5 per cent) between 1965 and 19755 The
value assigned to r? is in principle independent of the target year final demand goals, since
the planned rate of gromh beyond the target year need not be tied to the planned rate of
growth up to the target year. However, in the interest of continuity, rT was also sct equal
to the specified rate of growth of consumption between the base and target years.

Finally, the dual values to be assigned to the stock-flow conversion factors ¥ and Pk
were shown in Scetion 5 to depend upon tho assumed rate of interest and the average rate of
depreciation in tho economy : 9¥ is equal to tho sum of the two rates, and 3% is equal to the
rate of interest alone. For the purposes of the study, the rate of interest was fixed at 15
per cent, while the average rate of depreciation was estimated at 3 per cent per year.

88 Exogonous imports’ includos imports of the fow misccllancous agricultural and industrial
products which could not bo classifiod in any of tho 147 ondogenous sectors of the model. Sce also
footnote 34.

7 Soo Governmont of India (1005).

8 Seo Governmont of Tndia (1904).

 As obsorvod in footnote 25, the first approximation to r can be rovised for a sccond run 80 as to
bo consistent with the rosults of the first run, and this process can be continued by intoration up to any
dosirod degroo of acouracy. Tn practico, howover, it was found in ovory caso that tho first approximation
satisfactory for tho purposos of tho analysis.
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