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ALTERNATIVE PATTERNS OF IMPORT SUBSTITUTION

IN INDIA¥*

1. INTRODUCTION

This paper reports on a detailed numerical application
of an interindustry programming model of the Indian econony,
designed specifically to analyse the structure of imports and
the scope for import substitution in Indian industry.l The
present model distinguishes itself from alternative programming
models that have been applied to planning problems in India
primarily in its highly disaggregated description of the economy
~- involving close to 150 sectors.

There are several respects in which a high degree of
sectoral disaggregation can prove useful for planning purposes.
In the first place, it is helpful to set up interindustry models
on the basis of sectors and industries in terms of which the
actual plans are formulated. Models which prescribe taryets for
the engineering sector as a whole are of little use to a planner
who is interested in the future demand for railway wagons or diesel
engines. Secondly, in order to allow for meaningful choice bei-
ween sectoral production, imports and/or exports in the context of
a linear programming model, it is essential that the relevant
sectors be defined in fairly precise terms rather than as broad
aggregates. There is little point in comparing the relative
merits of making or buying the combined output of a "chemicals"

sector. Finally, a high degree of disaggregation permits the
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model-builder to adjust optimally to the Giffering quality
of statistical information available for different sectors
of the economy. Depending on the availability.and/or suitability
of the data, some sectirs can usefully be Jefined in great detail
while others may best be aggregated or made exogenous to the
interindustry framework of the model.

The progra mine awoudel used in this study pays for its
disaggregation by being limited to a single period of time.3
All of the numerical magnitades of the model relate to the
target year 1975, which is compared to the base year 1965.4
The model is used to generate alternative patteras of domestic
production and imports which satisfy a set of predetermined goals
of final demand in 1975. It differs from a straightforward
"consistent requirements" planning model only in that it allows
explicitly for choice between production and importing activities,
according to comparative cost criteria in a linear programming
framework.

In contrast to the treatment of importing activities,
estimates of exports are specified exogenously cn the basis of
independent projections for the target year 1975. This asymmetry
in the approach to foreign trade does not imply that export
promoticn is in any way less important than import substitution,
but it reflects the more complicated nature of optimal choice
among exporting activities. Unless both the internal supply
of, and the external demand for, each sectoral type of export
can be regarded as perfectly elastic at a given price, the treat-

ment of exporting activities calls for an explicitly non-linear



formulation. 1In the absence of data which would permit a
realistic non-linear formulation, the effect of alternative
export possibilities are examined in this study by parametric
variation of exogenously given export levels rather than by allow-
ing for an arbitrary range of choice among expcrting activities.
Given the final demand targets, and a set of basic assump-
tions about export prospects and non-competitive import require-
ments, the model is programmed to solve for that péttern of
production and imports in the target year 1975 which minimizes
a cost function made up of a weighted sum of domestic and for-
eign primary 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 -- alternative
solutions are generated which satisfy the predetermined final
demand goals with (inversely) varying requirements of internal
and external resources. In this way, both the detailed sectoral
and the over-all macro-economic implications of alternative
targets, assumptions, and exchange rates, are explored in the

optimizing framework of a linear programming model.

2. THE EMPIRICAL SCOPE OF THE STUDY
For the purposes of the analysis, the Indian economy as
a whole is divided into Lwo parts which are treated differently
in the application of the programming model. The industrial
part of the economy, which forms the focus of the analysis, is
disaggregated into 147 distinct sectors whose levels of

output, imports, etc., are determined endogenously through



the operation of the choice mechanism of the model. The
remainder of the economy -- consisting primarily of the agri-
cultural and service sectors -- is strictly exogenous to the
model, and affects it only as a source of demand for industrial
sector products.

The endogenous industrial part of the economy -- defined
here to include all mining, power, and manufacturing industries,
as well as road and rail transport -- accounts at present for
about one—fourfh of India's net national product and one-sixth
of the total labor force. These figures reflect the character-
istic dependence upon agriculture of an economy as poor as
India'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 gross domestic expenditure, one-
half of total investment and one-third of total consumption is
directed to the products of the endogenous sectors.

The dividing line between the endogenous and exogenous
sectors was determined primarily by two considerations: the
relevance and stability of linear input-output coefficients
and the nature of the 'make-or-buy' choice between domestic
production and imports. The endogenous sectors of the modcl
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 practice --

to deal with the exogenous sectors in terms of stable input-
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output and capital-output coefficients. Furthermore, the
production and trade of the exogenous sectors products
depend very much on factors not usefully analysed by inter-
industry techniques. Agricultural production functions are
notoriously nonlinear and are likely to be especially strongly
affected by such non-material inputs as organization and edu-
cation; the import of foodgrains is largely a matter of
weather conditions and Jovernment policies. Services do
not enter at all into foreign trade, and hence the question
of import substitution does not even arise. 1In contrast,
most of the products of the endogenous sectors can and do
enter into foreign trade, and some of the important aspects
of the comparative cost of producing and importing can ke
illuminated with an interindustry approach.

The miring, power, manufacturing, and road and rail
transport industries of the economy are broken down into
147 sectors, which are classified into nine distinct groups
in Table 1. The greatest degree of disaggregation has been
carried out in the metallurgical and engineering sectors,
and among certain chemical industries; it is in these sectors
that many of the most crucial problems in regard to import
substitution arise. Among the older manufacturing industries,
a breader ciassification has been adopted, reflecting their
relative self-~sufficiency in the Indian economy. The final
breakdown of industries corresponds closely tc the kind of
classification adopted by most of the Indian statistical
and planning agencies. This is due both to considerations
of data availability, and to the desirability of working

with sectors tnat are meaningful from the point of view of



TABLE 1.

code sector code sector code sector code sector
100 mineral industries 300tk L lustries SO0 metllurgeal nduatries OO electricnl swaineiring industrics
11 iron e A1 s 510 prziron 71l thermat turbo.conerators
112 inanwianess ora 312 ten 120 ditshed steel 712 hydro turho zenerators
i3 chromate 13 verranl cals 2 apweral stend TI3  electris soators
114 baaviee 314 hvdoagrenae o] oy I ferromancane s T4 tran-furmers
115 cappeer are 315 athe e fond beverages and tobaeen 532 terto.silicon 15 swiatehypear anad controlgear
116 lead concentrate L0 gure tendes other ferroaallon s 720 cablee s wires and Sexes
17 2ine coneentrate : cotton textles aburmnm 31 refriccrators
118 dmenite wollon testitos copper TH2 wr candition
119 orhor raerallie minerals art stk faborgey leaaed 733 water cooleres
126 i} other tevnle munufactur:- Zine T34 electr fans
131 line<tone leather sl product s tin T35 cleetnie lnmps
132 dolomite rubbier productg nickel 736 dry eeils
133 chinwe cluy woad products other base metals 737 Storage batteries
134 pvpsum s CHRT RGN pIpes 735  house serviee meters
135 salt refruct oroes stech papees nnd tabaes 739 rudio receivers
I36  mica other nonmetathe mineral products on eastinge- 10 cotmnmunentions equipinent
137 other nonmetallic minerala cetnent D54 Steel eustinges and forginggs TH0 other cleetrieal rpg product~
141 rock phosphates paper sned paperboard 350 heavy ferrous ~tracturals
142 sulphur newsprint 261 hight meral tabreation 800 travspost gt e rd industries
143 ashesrog BUE steamn Locamotives
144 ervolite and fluorspar 400 hegnead induatries 6O pechendcal cnqneering indnstrics 82 s locnmaotives
L0 minor minerals HE e neous tertilizers 611 nachore tengs SI3 ebctric focomotive -
60 crude od 412 phosptate fectulizers B12 bobers N2E radwuy wapons
413 potnsae fertthzers 613 diesel engnines S22 railwny eonching stock
200 forl wnd power industries 421 salphaar wend 611 purmps 831 nutomebyles
210 coal 122 wondn osh 615 carmpressors 832 commercal vehieles
220 ok 423wt ol Bl6 refrizeration coppinent K33 motareyeles and scooters
230 clecty ety 424 arthe s naasnede ehemeals 617 nate rod handbing cyuipment B4 bieyeles
241 bhght distilintes 330 o hemieals BIS  conveving and horsting machiiery ¥500 other transport equipment
242 Srosennd 441 dvestaft, 621 constraction machmery
243 ddeesel onls 412 plastie and svithetic resins 622 reiningr e hinery Qi) trapsport services
244 tuel ols 133 synthotie rubher 628 drdling mehinery ratl pgoods transport
245 batwmcns 441 synthoree fibrees 624 ayrealtural iachimery radl prssenger transport
246 other petroleum produects 115 chenuend pulp toextile mehinery roadd goods transport
250 lubrieatunygs oils 446 moape Jute tasdl i hines rond passenpger transport
4530 paincs suar machinery automohile transport
460 druzgs sl pharmaceuticals toa proce sanze maecbunery mutnreyelo and seooter transy. 5t
470 othor chenieeuls and products peaper mdl mechanery

670 other mechunieal engineoring

cotent machin ry
chenneal couprnent
Bradd? boeinr irggen
Hesbruments

WL pae b
typwriters

watchoes and elocks

provluects

Baeyoedee transport
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the Indian planners. 1In each broad group of industries
a residual sector (e.g., 'Miscellaneous chemicals and
products', 'Other transport equipment') was formed to
complete the coverage after individual industries, for

which data were adequate, were distinguished.

To cack of the 147 endogenous sectors there corresponds a disteibution equa-
tton: balanemy supply (trom domestic production or imports) with demand (from
tinal consamption, investment. intermediate uses cte). And, with few exceptions,
te each of these seetors there corresponds a distinet domestic productive activity with
which is assocmted a single sectoral output. a production funetion in the torm of a
veetor in a current How matrix, and an incremental fixed capital structure m the form
of a veetor in a capital matrix.  The excoptions arise in the case of joint production.
alternative techniques of production, and noncompetitive imports,  \While there
are many instauces of joint production in the economy, only in the case of petroleum
refining does this study deal with more than a single major product. Seven varieties
of petroleum products have been distinguished as sectors, hut to these there correspond
only two production activities; the busic refining process which yields light distillates.
kerosenes, diescl oils. ete. in certain technologically determined fractions: and the
further processing required for the production of lubricating oils.  Alternative tech-
niques of production were initially included for clectricity generation. where the radi-
cally different hydro and thermal processes have to be separated: for rail transport.
where coal, diesel and electrie power are distinguished; and for motor goods transport.
which uses petrol or dicsel vil.  The choice between the alternative technigues, how-
ever, 18 predetermined for the purposes 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 tiod to raw materials unavailable in India : there
can be no domestic production iu these industries, whose produets enter only as non-
competitive imports,

There are no overall distribution equations for the exogenous production
activities of the economy; only their demand for the products of endogenous sectors and
their impaet on the balance of trade is cousidered. 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 andjor for capital account inputs from the endogenous sectors.’
For each clhoice of an overall consumption goal in the target year. a corresponding
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set of demand veetors must be specitied for the exogenons seetors, While no mecha-
nicul set of relations can be employed, one would naturally wait to balinee in a general
wiy the ambitiousness of the exogenously determined consumption target with tne
extent of the input demand from the exogenous sectors. These inpul demand ve«tors
can be treated as independent parameters, subject to variation according to different

estimates of demand or ditferent future goals.

TABLE 2. LIST OF EXOGENOUS sSECTORS

Ao sourced of demand for current vputs
1. apricultare snd irngaton
2, axogenous transpert and other services

B. sources of demuand for capital inputs
1. agricultare
2. major wrrgation

raibway construction

4. rond condtruetion

S other transpeors and connmunications

6. soeind sorvices
7. private and comsrein] construction

Since the output of the exogenous part of the cconomy does not enter explicitly
into the analysis, it is not included in the production and capital veetors of the endo-
genous industries. This means that the cost of agricultural and service mputs, other
than rail and road transport, is omitted from the analvsis. This omission results in
an understatement of the domestie cost of production of sectors witl; significant inputs
of agricultural commodities. notably the food and fibre industries. and 1t biases the
model’s choice mechanism against imports in these sectors,  However, this bins is
unlikely to atfect the validity of the results sinee the case for such imports rather than
domestie production is surely very weak,  And since most of t 1 output of these seetors
is delivered direetly to final consumption. the potential range of distortion through
interindustry linkage s sufliciently limited to be neghteible. The omitted eost of
services——mostly trade and commerce is also negligible. sines it affects more or less

equally the activities of production and importing.

Since the focus of the whole study is on import substitution. the structure of
import requirements receives detailed empirieal attention,  Five separate sources
of demand for imports are distinguished in the analysis,

First, there iv the demand for the import of endogenous sector commodities
asan alternative to domestic production.  These are competitive imports which consti-
tute seharate activities of the programming maodel.  In general. import substitution
is allowed full scope at the margin : that is, there ix a free choice betweoen unporting
or expanding domestiv productive capacity to satistv whatever demand is generated
in the target year over and above that which can be satisfied by eapacity existing in



the baso yoar. In a few soctors whose products are relatively heterogenous,® the scope
for import substitution jx exogenously restricted to reticct the fact that only somo of
the heterogenous products may actually be profitably substitutable, In these sectors
there is hence a fraction of the total demand which must be satisfied by noncompeti-
tive imports.  In addition, thero are a few endnggenous sectors whose products simply
cannot be produced in India (v.z. tin, snlphur, ete.): as noted earlier, the entire demand
tor these produets must also be satisfied by noucompetitive imports.

Athied typo of mport which s hstinguished in the analysis arises from the
demand for agricultural raw materials which cannot bo made avatlable trom domestic
agricultural  production.  These products belong to the exogenous part of the
economy, but they are used in endogenous industries. Imports of noncompetitive
agricultural raw inaterials are related via fixed coeflicients to the endogenous produe-
tlon activities winch use them as inputs. Thus they are treated as a separate catogory
of noncompetitivo uports, distinguished from the imports of noncompetitive iudus-
trial products.

The fourth sourte of demand for tmports is for the remaining commodities
which belong to the exogenous part of the cconomy. These ineclude primarily food-
grains for dircet, consumption, and military supnlies for government use.? Whye
the demand for a few minor exogenous categories of imports can be projected into the
future, it is very difficulr to forecast in advance the requirements ot 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 fo exclude them.  To the extent thag foreign
exchange will be necessary in the target vear for the supply of food or tanks, it will
represent an additional requirement, 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 thereforo heen incorporated in a separate way into the mterindustry
framework. ‘I'he produets of the engineering seetors (ineluded in the groups ‘mechani-
cal engineering’, ‘cleetrical engineering' and ‘transport. cquipment’ in Table 1)
differ from the products of almost all the othoer sectors I a basio way they consist
both of complete units and of parts. 'The demand for complete units arises either
from fixed investment (in the case of capital equipment) or from direct, consumption
(in the caso of consumer durables).  The deraand for parts, on the other hand, arises
from two diticrent, sources : fabrication of new complete umits, and mainfenance of
old-units.  The domestic production of complete units is typically also subject to
quite different factors thau the domestic production of parts. Like the produetion
of most of the other endogonous sector produets, the production of complete units
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in the engineering sectors is limited primarily by the existing capacity of the capitul
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 uneconomie scale of demand or an inndequate
technical knowledge, which could not be incorporated explicitly into the analysis.

The most satisfactory wav of dealing with the important differenee hetween
complete units and  parts would he 1o define a separate new sector for each tvpe
of component part. The existing availabihty of data. hwowever. ruled out such an
ambitious undertaking. ‘LThe alternative adopted in this study was the following.
Each of the non-residual cugineering sectors listed in Table 1 is understood to represent
complete units only. Al engineering parts and components are divided into two groups:
domostically produced and imported.  Domestically produced parts aro included in
the output of the corresponding residual engineering sectors, while 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 classificntion of engineering seciors given in Table 1. The import of
each type of complete unit enters into the eorresponding distributional cquation ag an
alternative souree of supply, just as in the casc 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 the carresponding domestie
industry and to the existing stock of the corresponding type ot equipment. These
noncompetitive parts imports constitute the fifth and last source of import demand

distinguished in the analysis.

3. THE ALGEBRAIO FORMULATION OF THE MODEL

The model on which this study is based is a single-period linear programming
model which focusses on the structure of the economy in a future target vear. The
corresponding structure in a base vear, for which the relevant economic data have

already been made available, is used as a point of reference from whieh the future
growth possibilities are charted.

The basic sct of constraints of any interindustry model relate to the distri-
bution of the supply of products from each endogenous sector ameng the alternative
sources of demand. In its simplest form, the typical distribution constraint in the
present modol ‘s tormulated as follows :

di-Fmg > v dciteg (3.1)

where d;, my, ¢; and ¢; denoto the level of domestic output, imports, consumption
and exports of sector ¢ products, respectively; and f; and v, denote the total level of
current and capital account deliveries of sector i products throughout the economy.?
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Constraint (3.1) simply requires that in {he target vear the tota) supply of each endo-
EENOUS sector’s output must be at least as great as the corresponding total demand,
All of the sectoral supply and demand varinbles are expressed in terms of 1960 pro-
ducers’ prices,

In the formulation of the maodel, o distinetion must be madoe between the
products of the endogenous sectors and the domestic production activities which
produce them,  As diseussed 1 Nection 2, there is not a complete one-to-ono corres-
pondence between soefops and productive activities, The domestie output d; of sector
§ products is rolated algebraically to the activity levels & of the productive activities
Jas follows :

dy = X wyyry e (3.2)
J

where U7 is o mutrix with tTOWs corresponding to the p endogenous sectors and m
columns corresponding to the m domestic production activities. (7 j« cquivalent to
an identity mutrix, with the following exceptions : (1) rows representing sectors whose
produets cannot bhe domestically  prodieed have no corresponding  columns, and
(2) the rows representing the joint products of the petroleum industry have positive
elements y,, denoting the fractions in which they are produced by the refining
activity ;.

The target year level of production &y of ench domestic production activity
J is made up of two components :

£y = 2] .. (3.3)

where 27 is defined as the output obtained from capacity existing already in the base
year, and a7 represents the meremental output obtained from pew capacity installed
botween the Lase year and the target yveard As o rather harmless simplification, it
is assnmed that in eacl, sector the eapacity remaining from the base year will be fully
utilized in the target year:; thus 2% applies hoth to the remaining capacity and to the
corresponding production level iy, sectorj. In the interyal between the base and target
years there will generally have been some retirement of the base Year capital stock,

80 that 2 docs not necessarily equal the hage year productive capacity.

To all of the endaogenous seetors whose Products can he physically imported
there corresponds an importing activity which provides an alternative source of supply
to domestic production, Thus wa may writo for cach such seetor § :

Mi == nmuy, (34)

where y; devotes the activity level (nicasured ip c.i.f. dollurs) of the activity for
importing sector ¢ products, and n, is (Lo equivalent domestic value (measured in
1980 producers’ price rupees) of a dollar's worth of imports of seotor | produets.
The export demand for seetor U products s stmply specified exogenously :

e = ¢y e (3.5)
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The total demand ¢ for intermediate deliveries from each endogenous sector
i is made up of three components :
0 Ll Al g
Ly = (R 2;4. v (3.6)

Tho first two terms account for the demand on current account from the endogenous
productive activities, and tho last term accounts for the demand from the exogenous
part of the cconomy. The former are related to endogenous production levels as

follows :
th = X a)zf .. (3.7)
bl
0= X ajz) .. (3.8)
J

Two separate current flow matrices are distinguished : 4° is the base vear matrix which
reflects tho input structure of production with ‘old’ capacity, and A4* is the corres-
ponding incremental matrix which applies to production witk the ‘new’ capacity
installed between the base and the target vear. The eurrent input demand ¢ for
sector ¢ products from each exogenous source [ is related to an index 7% of total current

input demand from cexogenous source & by the following formula

k. 7Y Je

B o= A% o (3.9)
where 7% is an estimated coeflicient of demand for product ¢ per unit value of the total
demand index for exogenous source 4.

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

v = vf ol ol Xt w. (8.10)
k

The first, term refers to the demand for fixed capital investment in the endogenous
production activities, which is determined as follows :
ol =y X b3k, w. (3.11)
/

The coefticient &} is an element of the incremental fixed capital structure matrix B®,
which gives the rate at which the products of sector ¢ are required per unit increment
in the value of eapital stock installed in activity j. k5 includes both the expausion of
the capital stock from its base year to its target vear level and the replacement of part
of the hase year capital stock which is retired during the period. 1t is related to the
incremental production variable zj of equation (3.2) as follows :

k== pi5 e (3.12)
where £7 is the incremental capital-capacity ratio defined in terms of value of capital
stock per unit of productivo capacity in activity 7.10

" i A e e s I .
I'he expression L 03k incequation (3.11) represents the total amount of sector
J

¢ products that must. be added 1o fixed vapital stock in the full period from the bhase
year to the target yoar.  To convert this stock variable into the flow variable required
by the model—viz.. the demand for mvestment goods in the single target y(,‘ar——~thé
‘stock-tlow' conversion factor yF a8 applied.  yF approximates—for the endogenous
activities as 2 whole -the rutio of target year fixed capital investment demand to the
addition to fixed capital stock between the base and target years

Al N ¥
The second term of cquation (3.10) relates to the demand for inventory invest-
ment in the endogenous production activities, which is given by :

o = y¥ & 93z ). : (3.13)
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Equation (3.13) is analogous to equation (3.11): Szj is
an element of an incremental stock coefficient matrix S*
which is applied to the corresponding change in the level
of domestic production in activity j between the base and the
target year. nw is a 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 estimation of the numerical values assigned to
nF and nw was carried out as follows. Denoting by V the

level of fixed capital investment in the endogenous activities,

and by K the corresponding capital stock, we may write

F
no= T 0 (3.14)

where the superscripts '0' and 'T' refer to the base and target
years of the model, respectively. A stock-flow conversion factor
used for precisely this purpose was introduced by Manne; 1 his
derivation of the numerical value to be given to the factor was
based on the assumption of a constant exponential rate of growth
of investment activity between the base and the target year.

This rate of growth r had to be guessed at in advance of each
programming run, but Manne showed that the numerical value of

the stock-flow conversion factor was relatively insensitive

C L C 12
to variation -- within a 'reasonable' range -- of 1,
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IFor the purposes of the present model. i its primal form, a slightly difterent.

method for estimating ¥ is suggested.  The difference lies 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-t should be.  Assuming an annual rate of
growth of capital stock of 7 after the turget vear. and an average lag of ¢ vears l)et\v(j,en
the production of investment goods and the corresponding inerease in productive

capacity, we may express V7T ag

PT = KT+ NT 04 o TRT() LTy . {(3.15)
I we define the average annual rate of growth of capival stock between the base and
turget years as 1% we may write
goby ! ‘ (3.16)
RT == KO- ,0T

where 7' is the corresponding length of the pericd in years. Substituting - quations
(6.2) and (5.3) into equation (5.1), we gel :

T Y Y/

)}F = - II 0)_, .

(1 -70)-T

o (3.17)

Thus y# is n function of four variables : g, 0,000 rT). T is determined by the formu-
lation of the problem; ¢ can be estimated from empirical data; r7 must be specitied
in advance as one of the target parameters ot the model (like the final demand vari-
ables € 7% and 14 and 0 must be estimated prior to each programming run  (liko
Manne's rate of growth of investment activity r).  The working capical stoek-flow
conversion factor ™ is estimated in exactly the same way as 9¥, with the single excep-
tion that the average lug ¢ is assumed to equal zero; thus
WW(T, 70, 1T == yF(T, 0, 10, T) .. (3.18)

Bach of the stock-flow conversion factors ¥ and W is applied uniformly to
mvestment demand from all of the endogenous activities of the model, In princ.ple,
it would be more aceurate to apply distinet stock-tlow conversion factors to cach of
the domestic production activities J» since the variables on which the values of n¥
and y" depend (sce equation(3 17)pre likely to differ as between different activities.
On the other hand, sinee the values of y# and pW are relatively “sensitive to changes
in the growth rates 9 and 7, and since the estimation of r? ix in any case only approxi-
mative, the additional complexity would not appear to be justified . One mighi
further suggest that the value of ¥ be distinguished according to the sector of origin
of the capital goods—sinee the gestution lag O may well differ as betwoen different tvpes
of goods {—but the lack of sufliciently detailed information, and {he relatively small
effect of changes of this kind, dictated the simplest course of a common n¥ for use in
the present study:.

The third terin of cquation (3 10) refers to a part of the demand for replace-
ment investment which arises from the retirement of capital stock between the base
and the target years. Because retirement rates difier as between different tyvpes of
capital equipment, the residual productive capacity =2 for cach activity j can be sus-
tained with capital stock remaining in the target year only if some of the less durable
types of capital are kept in the right proportions by partial replacemient.  This partial
roplacement, investment must be evaluated exogenously aecording to the age structure
and retirement rates of the various types of capital equipment existing in the base
year:"

v = of ..(3.19)
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g 1) . , « N . Cyr e 4
A n.otul above, the total demand for replacement. Investment in the endocenous pro
duction activities is nof limited to the *¥ terms but includes "

. also a fraction of F
terms defined in equation (3.11). the vf

The exogenous demand for endogenous capital inputs is suinmed in tho last
term of equation (3.10).  Analogously to cquation (3.9), the capital input demand
vt for scetor ¢ products from cach exogenous source & 1s reluted to the total (market)
value of investment V4 in exogenous seetor & by the following equation :

o == Pk ..(3.,20)

1]
where of 18 u coeflicient giving the eapital input- norm ot the product; of endogenous

seetor ¢ per unit investment in exogenous sector .

In the remaining equations reluting to constraint (3.1), the final consumption
demand ¢; for the output of each individual endogenous sector {8 related to the total
(market) value of aggregate vonsumption,‘ (_,' Din the target vear. ‘The relationship is
analogous to vhose of equations (3.9) and (3 . 20put it is nonhomogeneous : incremental
seetoral coeflicients are introduced which differ from the corrcsponding base yvear

ratios.
Each target yvear consumption demand ¢ s expressed as the sum of two
components : :
) ci = ¢l e, . (3.,21)
The first term ¢f represents a per capita level of consumption equivalent to that of the
base year :
ol = e "(3.22)

where ¢§ is the base year level of consumption of sector i products, and » is the expected
annual rate of growth of population. ‘The second term ¢; includes that part of
target yoar consumption which represents an increase above the base year por ocapita
lovel -

0
el = v (:'——(1 (’."T). "('3.23)

| L)

The term in brackets represents the amount Ey which target vear consumption ex-
penditure exceeds the expenditure required to maintain the base year per capita con-
sumption levels, and the coetiicient ] denotes the proportion of this excess coasump-
tion expenditure which is spent on the products of sector 7. The v are thus
equivalent to incremental per capita consumption cocflicients; wher divided by the
corresponding average coeficients obtaimng in the base vear, they yield aplied
linear per capita oxpenditure elasticitics.

This completes the presentation of the struectural equations which underlie
the initial set of distribution constraints (3.1). 1if all of the equations are directly
gubstituted into the original constraints, these constraints can be expressed in reduced
form in terms of the following independent variables :

af o the endogenous incremental production activity lovels:

¥ : the endogenous importing activity levels;

T*: the indices of current input demand from each ¢xogenuls source;

P& the market value of investment in each exogenous sector:

¢ : the market value of aggregate consumption.
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The reduced form P-1 of the typical

TABLE 3. PRIMAL CONSTRAINTS

distribution constraint is shown in Table 3.
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] J P o f {
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The remaining constraints in the progranuming model are of threa kinds,
activity variables xy and y,.
aggregate
activities

first ave inequalities whieh further constrain the basie
Tho second are
variables 7', |'x and ('
measuring the requirementy of dowestic and foreign primary

The additional inequality constraints are introduced as linear

to what sre in fact likely to be nonlinear sttuations.

vroduction activities of the model,
production :
(j(;‘.\"l[)

M
T <

i8 not incorporated into the interindustry framework

the case in several mining activitios, whore the scope for (profit

equaliticy which fix the exogcnously specified values of the
The third are cqualities which define additional

upper bounds are imposed on the level of

of the model,

(f =1, s n)

a =
{) IR YL i
13},-)1'((“ Yo )e

8 Gl by e

e U _——

resources,

The

approximations
For a few 4 the endogenous
domestic

o (3.24)

Such bounds aye required when produetion is restricted in actuality by a factor which

This is notably
able) production is
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sharply limited by the availability of mineral resources. A second set of inequality
constraints is applied to some activities i order to limiv the scope for import substi-
tution aftorded by the linear structure of the model.  As discussed in Seetion 2, it is
desirable to allow for the fact that in a few productive activities whose output is
relatively hoterogeneous some of the products may not be (profitnbly) substitutable.
Thus the following type of constraint is introduced :

mi " oppdy o) {teM M) .'..(3.25)
where g; represents the minimum proportion of the supply of the produects of sector
+ which must be imported.

The following three sets of constraint= serve to introduce the target year goals,
subject to the attainment of which the programming model minimizes costs. These
pouls are described by the aggregate veriables 7% V& and C. for which values must
be dotermined prior to cach run of the model. Thus the constraints may he written

ws follows :

Tk — Tk (k=1,...1T) +{3.26;
Vk — Tk (k=1..1) . {3.27)
¢ =0 (3.28)

whore the barred variables represent tho pre-determined target year values.

The last pair of constraints in the model measure the endogenous use of the
primary resources in the system : labour and foreign exchange. These constraints
are required to define the two terms which enter the cost function. representing the
domestic and foreign primary resources respectively.

Labour resources are required by each of the domestie production activities of
the model. These labour requirements 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 more meaningful to deal
with an aggregate based on wages than on numbers. 'The total labour cost in rupees
incurred by the endogenous production activities!® is given by :

L = X (A)zf+ Ajx))--9F2 (AJKS).
! ] (3.29)
The first term measures the direct current costs of operating labour. where AY denotes
the labour cost per unit of residual capacity production, and A7 the labour cost per unit
of new capacity production, in 1976, The second term measures the indirect capital
costs of construction labour required for the installation of the capital stock.?® The
coofficionts A may be rogavded as the (n-1-1)-th row of the B* matrix. giving the cons-
truction labour cost per unit increase in capaeity for each activity J.
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The foreign exchange cost (i.e. the im port requiirements) 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 vield the total value— measured in o.i.f, prices—
of endogenous imports Jf :

4
M =X Mk +(3.30)
kw1
The first typo are the competitive imports of endogenous sector products, whose total
value is given by ‘

I - ¥
M= X " (3.31)

feCyM

where (') is the set of endogenous secturs in which imports compete with domestjc
production. The second type are the noncompetitive imports of endogenous sector
products, whose total value is given by

M= X -+ (3.32)

€Ny

where VA includes the set of sectors whose products eannot be produced domestically.18
The third type are the imports of noncompetitive agricultural raw materials, with
a total value of

M= ¥ Y
0= 2V : (3.33)

where AM ineludes 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 47, in terms of c.i.f. dollars per unit,
A fourth entegory 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 lhere.

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

is expressed ns follows :

M= X Eqn ¥ g1f=)s
jenar 2 Py (Sfz)e (3.34)

where PXM is the set of engineering aetivities (and corresponding sectors) in which parts
are distinguished from complete units. The first and second terms of the equation
cover the fabrication and the maintenance demands, respectively. Z; represents
the total dollar value of imported parts required in the production of one unit of output
+yof activity j.  The same coefficient Eiis applied to the existing stock s; of equipment
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of sactoral type ¢ in order to determine the total embodied value of parts which ean only
bo repluced by noncompetitive imports.  Assuming that the average life of engineer-
ing parts is z years, a fraction 1/~ will have to be replaced every year : this leads to
the maintenance demand deseribed by the second term in the equation.

The stock of equipment s; can he axpressed as folows :

8i == .\"“ - .\: -;-}:0'(1'&'—?-71(',‘.
k

"(3.35)

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

s =X byk]

R " (3.36)

The third_term of equation 3. 35represents the stock of seetor i output which is held
i - N . i - —_— —— - . .
as capital equipment in the exogenous seetors, and the fourth term applies when the
products of sector i can be held as consumer durables,  Sinee these stocks are exo-
genous to the interindustry framework of the model. it is necessary to approximate
them independently.  ag is a rule-of-thumb conversion factor which relates the stock
of durable equipment of seetoral type 7 to the corresponding exogenous investment and
{ A 4 [
consumption Hows ¥ and ¢; in the target year.

It remains now only to define the abjective funetion which is to be minimized
Y )

snbject to the attainment of the targets prescribed in constrajnts (3.26)13.27)
and (3.28).

) == OLL - OMM . .{3.37)

The function £2 consists of a weighted sum of the domestic (1) and foreign (M) primavy
resource costa.  The relevant weights 0 and 0% must be pre-assigned for cach run
of the model; the corresponding weight ratio can be interpreted as the 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. Al of the constraints entering into the model
can be expressed in reduced form in terms of the independent variables o T TR
and ' (identitied at the bottom of page 13 along with the following additional
independent variables :

L the total rupee e.if. dollay value of the wage bill in the endogenous
production activities ;

M the total e.if. dollar value of endogenous imports in the economy,
-The full set of constraints in the model are shown in reduced form in Table 3. The
constraints are arranged so that the independent variables and their coefficients appear
on the left-hand side of the inequalities, and the constant terms appear on the right
hand side.!?
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4. THE PRICE STRUCTURE OF THE MODEL

Corresponding to the primal form of the linear programming problem discussed
i the previous section is the dual form of the problem, in which prices replace quantities
as the independent. variables. If we describe the primal form of the model in standard

linear programming form as :
minimize Z cs2y subject to Ax > b, x>0

where . 1s the vector of primal activity variables, 4 the (rectangular) matrix of cons-
traint coeflicicnts, and b the constant right-hand side vector, we may set out the corres-
ponding dual problem as follows :

maximize X byp; subject to pd ¢, p >0

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

progrannning problem simultancously with those of the primal variables z;. The
dual variables p; measure the marginal reduction in the value of the cost function
X ¢yzy) which can be achieved by relaxing the i-th constraint by one unit; thus they
)

can be interpreted as the shadow prices associated with each constraint 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 independent activity variables in terms of which the primal
constraints (in their reduced form) arc expressed. All of these activity variables
taken together constitute the x vector of the standard linear programming problem.
Down the left side of the table are listed the dual price variables corresponding to
cach of the cight groups of primal constraints; these variables form the p vector of the
standard problem. Within the table itself are given the constraint coefficients,
taken from the reduced form of the primal constraints as given in Table 3 ; these
coeflicients constitute the matrix 4 of the standard problem. Finally, the corres-
ponding clements of the right-hand side vector & and the cost function ¢ are shown
to the right and below the table, respectively.

Just as the primal constraints can be read from each row of the tableau in

the form :
)‘: ayx; 2> b,

80 the dual constraints can be read from each column in the form

“3; ayps < €5

With each of the seven groups of independent activity variables is associated a group
of dual constraints, whose right-hand side constants are the corresponding elements
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 are 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 al!
bound to appear with non-zero values in the solution to the model.!?
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TABLE 4. CONSTRAINT TABLIAU
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traints | dual | D-1 D.2 D.3 D D.b D.¢ D-.7 right
e S - hand
primal inctivi(ios' x5 Wi T* Ve c L M i side
_.i_.._.-._l,... ) : l !
) .S T Y (g — togg) A —rf —gF =y 0 0 > 4
; : — S I A
— BN
P2 ptM ) v 0 0 0 0 o > i}
. |
i - { !
P83 pMM i —Spuy (l—pdm O 0 0 0 0 ’ > T s
, t
! ; ! '
I —
P4 | pf 0 0 I 0 0 0 S
' t ’
P.5 o 0 0 0 I 0 0 o> o
L |
P-6 »€ 0 0 0 0 ] 0 0 > c
!
P-7 pk —AF 0 0 0 0 1 0 > TN 2R
\ # ] J
P.8 pM —/1}" —1 0 —u¥ —puc 0 1 > e q¥
< < < < < < < '
cost funotion 0 0 0 0 0 6L 63

TABLE 6. DUAL CONSTRAINTS

Dy B (g —l’-;"-"~3 4 1y pA\!M ....,\j pl-_‘u,;l'p." <0
' J
(jeX M) (ieM M) (3=1,..m)
D-2 g ik (L= pamg pMM—pt C 0 (i=1..,n
(1e MM)
D3 ])Z'—)J 'r:' pigV (k=1..,1IT)
t
D pY—2 8t pi— ufp¥ < 0 k=1, ..., I¥)
1
D-5 PNy pi—p pM £ 0
¢
D.6 ptg o
D.7 pM < oM




-22-

For the purpose of analyzing the price struccure of the model, it is convenient

to examine the dual constraints inf 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

primary resources M and L) must''be equal to the preassigned weights 6% and 6% in
the minimand of the primal problem:

ropM =M o {41)

pl= 0k o (4.2)

Constraints D-6, D-5 and D-4 degeribe the determination of the shadow prices p,
pt and pf (associated with the prit‘ml 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 givenii.by :

P° = Y yipitpcoM e (4.8)

where the first term represents the (marginal) cost of endogenous sector products—
priced at the corresponding shadow prices p;—and the second term covers the cost of
noncompetitive- pus i b ow price of imports
equivalent to #¥. The shadow prices associnted with’ marginal units of investment

¥k in each exogenous sector k. and the index of intermediate demand 7% from each

exogenous source k. are given similarly by :

pE = X etpitpul oM k=1 ..,1 v (4.4)
f

p’{: ET‘;})I A'= l,....lT ee (4.5)
{

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 x] and y,. Only those constraints corres-
ponding to the subset of z} and y; included in the basis of the optimal solution will
turn out to hold as equalities; the remaining constraints will hold as inequalities.

The dual consiraints D-2 and D-1 ean be rewritten as follows :

piF(1—p)p¥ A < (1m)O¥ i=1,.,n e (4.6)
(ieM M)

E‘ wyps—pfH — ?#W‘jp?‘”
(jeX M) (e M M)

< 2 wypAfOL4-pffoM G =1,..,m o (4.7)

whero pf¥ and p}* arc the shadow prices associated with the primal constraints
P-2 and P-3, respectively.
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For sectors ¢ and activities j which are not affected by primal constraints P-2and
P-3, and for which there is a one-to-one correspondence between sector + and domestic
production activity j, we can ignore the variables pF¥ and p¥¥, treat U as an identity,
and set i = j. Constraints 4.6 and 4.7 can then be simplified to the following :

P < (1m)oM oo (4.8)
Py < Z wygpi+AfOL-Fpf oM e (4.9)

i
The right-hand side of (4.8) is simply the cost of importing a domestic unit of
gector j output : (1;m;) represents the c.i.f. dollar cost of a rupee’s worth of sector j
output {at 1960 producers’ prices), which is multiplied by the shadow price of a
dollar ¥M. The right-hand side of (4.9) is the cost of producing o domestic unit of
sector j output in production activity j : the sum of the unit cost of endogenous sector
inputs wy; - evaluated at the shadow prices pj—and the unit cost of domestic and
foreign primary inputs /\;‘ and pf—evaluated at the pre-determined shadow prices 6L
and 6M.

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 be 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 programminy 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
mechanism of the model—becomes slightly more eomplieated when the simplifying
conditions leading to constraints (4.8) and (4.9) do not hold. If, for some activity
j& X M. a primal constraint of group P-2is active, then the shadow price pi¥ will assume

a positive value attributable to the upper bound placed on the level at which activity
J can be operated. p¥¥can be interpreted asthe shadow price of the scarce factor whose
limited availability called for the upper bound on activity j. From constraint (4.7)
it can be seen that a positive value for p* allows the shadow price of the output of
activity j to crceed the corresponding cost of domestic production. Because of the
upper bound on production activity j, the marginal demand for the corresponding
sectoral output { must be satisfied by the alternative—less efticient—importing acti-
vity, whose unit cost determines the shadow price p;. Thus p'¥ measures the extra
unit cost incurred when the (marginal) output from activity j must be provided by an
activity morc costly than the domestic production activity /.

If. for some sector { e MM, a primal constraint of group P-3 isactive, then the
shadow price p¥¥ will assume a positive value attributable to the i quirement that
a fraction of the scctoral output be imported rather than produced domestically.
p}Y can be regarded as the shadow price of a specitic fuctor whose scarcity provents
complete import substitution in sector ¢, It is clear that a constraint -3 can be binding
only if the cost of importing the corresponding product exceeds the cost of domestic
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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 p; of the seetoral
output would be between the (lower) cost of domestie production andd the (higher)
cost of importing. In particular, p}* measures the extra cost of importing vis-a-vis
domestic production, and the import fraction g;—multipiicdd by pM¥—determines the
extent by which the shadow price py exceeds the domestic cost of production of sector
i products.

Up to this point we have assumed a one-to-one correspondence between sectors
and activities, so that the left-hand Side of constraint (4.7) could be expressed in terms
of shadow prices associated with a single sector (and activity j).  In cases of joint
production®, the single activity j produces output belonging to several sectors &
to each of these sectors there correspond a nonzera w;; value, whose colnmn sum
equals mnity.  Tn such cases it is necessary to re-interpret the first term of constraint
(4.7) asthe sum of the shadow prices of each product produced by activity i neglecting
the second and third terms?!, the constraint requires that this sum does 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 products will demand 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 pg will be equal either to zero (when domestic supply exceeds the demand) or
~vii constraint (4.6)—to thé unit cost of importing (when domestic supply falls short of
the demand). In cases of alternative techniques of produetion,* no se-interpretation
of constia.n i 5 wonld be ealled for, sinee for each activity j producing the < taral
output 7 there would bea <ingle coctticient u;j with a value of unity.  Foc onldy differ-
ence this would make to the ope ration of the model i+ that the =cope for choice among
alternative supply activities would 1o -7 = i shadow price p; would of course

still be determined by the eheays st souree of supply ob <e- tor s peaduets.

5. A SUMMARY ANALYSIS OF THE NUMERICAL RESULTS

' The programming model described in the previous sec-
tions was applied with the help of a detailed body of data
on the present and future structure of the Indian economy.23
leep Fhe basic structural coefficients, and the initial
conditions of the economy in 1965, the model was pro-
grammed.under a variety of parametric assumptions about the
future in order to provide a wide spectrum of alternative

(opt%mal) solutions for 1975. The kay parameters include
the rollowing:
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(1) the rate of growih of exports from 1965 to 1975, (2) tho anticipated levels of i sub-
sob of non-compotitive import cooflicients (g, ¢ and ;) which might reasonably bo
oxpoctod to decline by 1975; (3) the targotted rate of growth of aggrogate consump-
tion from 1965 to 1975; (4) tho ratio of the weights (04 /0L) given to foreign and domestic
costs in the objective function to be minimized.

Table 6 displays the alternative values assigned to these key parameters.
"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 set equal to 5 per&mt per ycar, with an appropriate sectorwise breakdown,
and the values of the relevant non-competitive import. coefficients (applying mainly
to machinery and part+ i1 1ports) were assumed to fall to one half of their levels during
the Third Plan period. 41 group B, the rate of growth of exports was raised to 7 per
cent. per vear; and in group C, the non-competitive import coofficionts were lowered

to one third of their Third Plan levels.

TARBLE 8. IDENTIFICATION OF ALTERNATIVE CASES

rate of growth  rate of growth noncompetitivo

caso of consumption of exporta import
{percentoge) {percentage) coeflicients®*
A-l 7.5 5.0 4
A2 6.0 5.0 3
A-d 4.6 6.0 3
B.1 7.6 7.0 %
B-2 6.0 7.9 t
B-3 4.6 7.0 %
c.l1 7.6 5.0 i
C.2 6.0 5.0 i
C.3 4.5 5.0 $

*1075 valuos as compared with 1960.values, for & subset of noncompetitive imports

In cach 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 4.5 per cent respeetively.  From the corresponding aggregate consumption levels
in 1075, related sets of values were derived for the final consumption demand, and
alse for the assoviated exogenous seetor demands on both eurrent and capital account,
for the output of each individual sector.  Finally, alternative solutions were generated
in cvery casc by varving the ratio of weights on foreign and domestic costs in the
minimand from 4.75 to infinity. Each weight ratio corresponds to an effective rate
_of exchange between rupees and dollars. When the ratio is equal to 4.73, it is assumed

that the ofticial exchange rate  measures the relative scarcity of foreign exchange.
As the ratio is raised above the initial level, a premium is placed upon foreign

oxchange, and when tho ratio becomes infinite, foreign exchange costs alone enter

inio the minimand. 25
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A similar qualitative pattern of chotee characterized each set of solutions under
the various assumptions considered.  In the solutions tor which the weight ratio
OMIE was set equal to 4.75, there were—in addition to essential nonecompetitive -
ports—also competitive imports in approximately 30 of the endogenons sectors.
These scectors consisted mainly of modern engineering industrics bat inctuded also
some hase metals and lieavy chenicals; they are listed in Table 7 26 For the remaining
hundred-odd producing sectors—of which about 80 faced competitive imports —
domestic production was eheaper than importing at the pre-devaluation exchange rate
and wax henee preferred for every run of the model.  As the weight ratio was raiscd
to reflect an incveasing premium on foreign exchange, there was a progressive substi-
tution of domestic production activities for competitive imports. The sectors involved
ave listed in Table 7 in the order in which the substitution took place under the initial
set of basie assumptions. This ordering was relatively insensitive to the alternative
ussumptions conzidered. Finally, in all of the polar <olufwons for which foreign
exchange costs alone were minimized, the model predictably replaced all competitive
imports with domestic production activities and thereby roduced the import bill to the

minimum of essential noncompetitive imports

TABLE 7. IMPORT SUBSNTUCUTION BY SFCTOR

NI ade ROCtor al o, gode o Aretot
e e . VUV S F ¢ e e+ e o e

l 38 house servien meters ! T L refnigeratorns

2. 1l machine tools N N 711 thermal turbo.generators
3. HE2  ty pewiters N TR 544 zinc

1. 624 agriealtural inachinery p20. 542 copper

i

5. 612 boilers P 532 ferro-silicon

u. H13 diesel enginos 22, 541 aluminium

T 743 water conlers Lo, 42 rowdr ash

S, 180 erudo ol I 24, S20 raibway coaching ~tock

. 522 g machinery AR 43 lead
U A2 wpeeind steel C2a. 623 motorevelos and seonters
1. 614 pinpa U 421 salphurie acid
12 637 chemieal oquipanent A H15 chenueal pulp
13. 52 rmlway wagona i o, 425 coauste sodo
IER 623 deilhing machinory . KUK S18  electeie locomotives
1y 712 hydro turbo-gensrators T S dhesol locomotives
g, 732 wir conditionors N A G40 ball boarings

In the soluticns obtained by minimizing foreign exchange costs alone, the
shadow prices for each seetoral distribution constraint vefleet simply the (mininal)
foreign exchange coutent of a unit ot output from the corvespondimg domestie produce-
tion activity. For cach seetor the ratio of the shadow price to the alternative import
price then represents the relative foreign exchiange coutent of domestic production
vis-a-vis importing activities.  The higher this ratio, the lower the net saving of foreign
oxchange fforded by import substitution. Tn Table 8, 41 endogenous produetion
activitios™ Tree listed in the order of their relative forewgn exchange content in 1975,
as caleulated trom the shadow prices of an import-mmimizing solution under the
initial - set of basic assumptions.  Thre is naturally a fanly close correspondence
between the rank ordevings in Tables 7 and 8 seetors near the top of Tabie 8 are found
close to the bottom of Table 7. The sequential order of import substitution presented
in Table 7 depends both on the relative forcign exchange contents shown in Table 8
and on the total domestic vesouree content of cach production activity.  Sectoral
differences in the latter aceount for the differences in the ordering of the two tables :
the higher the rupeo content of a domestic production activity, the later it will substi-

tute for imports as the premium on foreign exchange is mereased.
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TABLE 8. RELATIVE FOREIGN EXCHANGE CONTENT OF

DOMESTIC PRODUCTION ACTIVITLES

sl.no.  code activity groups grgup
1. w10 ball bearings 95,8 S1.4
2 812 diesel locomotives e 7202
oA 421 sulphurie ackd N ririt
1. 423 caustie soda .1 8.9
b, 415 chemical pulp INGT 64.1
1. SE3 eloctrie locomotives 728 03,4
1. 833 mutoreyelos nud scooters 8.4 o
5, 711 thermal turbo-genorators H3.u 4.6
0, M1 aluminnun [T 40,3
10, 712 hydru turbo-generators Al 4.0
11 532 fervo-silicon 49,4 15,5
12 443 synthetio rubber 47.1 35.8
13, 822 radway conching stock 16,0 40,1
14, 522 apocial stool 10,1 43,1
15. 623 drilling machinory 46.0 30 2
16. 613  diesel ongines 45.8 1.5
17. 422 soda ash 448 38,2
18. 732 air conditioners 429 37.9
19, 731 rofrigerators 42,9 37.8
20. 637  ehomical equipmont 12.h 37.8
1. 714 teansformoers 41.3 38.5
22, 424 other inorganic chomiculs 41.1 35,9
23, 64 pumps 10,8 36.7
24, 412 phosphatic fortilizers 30.5 37.9
25, 022 mining machinery 39.6 33.2
26, 442 plastics 39.4 32
27, 137 other nonmietallic minerals 38,2 3.1
REN 670 other mechunical ongineering 36.2 30.6
80, 444 synthetic Hbres 30.3 30.6
J0. 750 uther clectrical engineering 43.6 30.6
31. G612 hoilers R 8.5
32, 430 organic chemivaly 33.3 26.5
W, G11  machino touls 34,2 28,2
a4, 821 railway wagons 4209 28,0
35, 662 typoewriters 32.6 27.7
J6. 743 wator coolors 32.1 27.8
37, 617 materinl handling equipment 3¢ 20.8
a8, 720 cables,wires and floxes 3.4 26.9
30. 382 nowsprint J1.4 26.9
40, 024 agricultural machinery 31.3 27.3
41, 832 comunercinl vohicles 30.8 26.7
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The nature of the alternative solutions to the pro-
gramming runs can be further illuminated by examining the macro-
economic implications of the sectoral results for 1975. Aggre-
gate consumption C (at market prices) appears as a variable
in the model. Aggregate investment V (at market prices) can
easily be obtained by summing: (1) the fixed and working
capital investment generated by the model in the endogenous
sectors; (2) the exogenously given replacement investment in
these sectors; and (3) the exogenously specified investments V
in the exogenous parts of the economy. The aggregate value of
exports E (in dollars) is exogenously specified together with
the corresponding sectoral export demands; and the aggregate
value of imports M (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.29
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)30 gross savings (S) and gross national product (Y) can
easily be calculated by means of the usual national income

identities.3l

For the purposes of the analysis, it is most interesting
to compare the alternative values of S -- as a measure of in-
ternal resources -- and F -- as a measure of external resources
-~ required 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 A, B and C. For

each of the nine cases of Table 6, the set of alternative required
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combinations of internal and external resources is drawn on
th iate di i 32 '

e appropriate diagram as a continuous contour. For each

group of basic assumptions, the three contours correspond-

ing to the three different consumption targets can be interpreted as isoquants of an
“aggregative function relating the rate of growth of consumption to the inputs of savings
and foreign capital. Additional isoquants of the same kind could be interpolated
te represent different consumption targets,  The left-hand end of the continuous part
of each contour corresponds to the solution in which the 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 foreign exchange. The contours could
also be extended further to the left (as indicated by the broken lines), where they would
correspondl to solutions based on weight ratios giving even greater emphasis to domes-

tic vis-a-vis foreign costs.

Read from left to right, the isoquants of Figures 1-ABC reflect the substitution
of domestic 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 eapital inflow—given by the slope of the isoquants—shows consi-
derable invariance under the alternative assumptions considered.  Up to an effective
exchange rate of about twice the official pre-devaluation rate, the isoquants are almost
straight lines® and are also reasonably parallel as between cases.  Thus for a wide
range of combinations there is a more or less constant trade-off between domestic and
foreign effort which equates one rupee of net foreign capital inflow with roughly two

rupees of gross domestic savings.

The marginal rate of substitution between savings and foreign exchange
increases rapidly as the foreign exchange minimizing solution is approached at the right
hand end of each contour. This point defines the limit beyond which savings alone
are of no avail in raising consumption possibilities. Further to the right, there is no
more seope for import substitution, and the isoquants become straight lines parallel
to the savings axis at a level representing the minimum net intlow of foreign capital
required to sustain the given targetted rate of growth of consumption.

For each set of basic assumptions, a cut-off line joining the right-hand ends of
the three dillerent consumption isoquants divides the range of values where there are
substitution possibilitics (to the left) from the range of values where there is no further
acope for import substitution (to the right). Each cut-oft line can be used to deter-
mine the maximum amount of savings that can be translated into productive invest-
ment. and heneo also the maximum sustainable rate of growth of consumption. cor-
responding to any given net inflow of foreign capital. Conversely, the ent-oft line can
ne used to evaluate the minimnm level of net foreign capital inflow consistent with

any given rate of growth of consumption.

Under the initial set of basic assumptions, the masximum rate of growth of
consumption that ean be sustained without any net capital inflow appears from Figure
1-A to be approximately 5.5 per cent per year. This would call for gross savings of
about 560 billion rupees in 1975, representing an average rate of saving of 15 per cent
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i 1975, and an implied marginal rate of saving between 1965 and 1975 of close to 19
per cent. To achieve a targetted rate of growth of consumption of 7.3 per cent
per year, the minimum net capital inflow in 1975 would appear to be between 4 and 5
billion rupees.  This in turn would require gross savings of close to 75 billion rupees
1975, which implies an average rate of I8 and a marginal rate of 234 per cent.
AMternative strategios with Joss emphasiz on imp. -t substitution woull allow the same
Lonsumption targets to he achieved with lower rates of saving aud higher levels of

toreign 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 2,  As compared with the
iitial set of assunuptions A, it will be observed that the more optimistic export projee-
tions of £, or the lower values for noncompetitive import coefticients of (', have the
effect of displacing the isoguants downward,  Thus they allow the same consumption
targets to be satistied with less savings and/or loss foreign capital inflow. and they
allow higher consumption levels to be attained with any given combination of internal
and external resources. Furthermore, the isoquants—and henee the cut-off lines
—under £ and (' are also shifted to the right, relative to their position under . This
means that a greater amount of savings can be translated into productive investment
for any given level of net foreign capital intlow.

At a zero trade deficit, either the higher export projections or the lower non-
competitive import coeflicients allow for a maximum (productive) level of gross savings
i 1975 of approximately 65 billion rupees, which in turn will sustain a maximum rate
of growth of consumption of the order of 6.5 per eent.  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 intlow, The
corregponding average and marginal savings rates are 18 per cent and 23 per cent,
respectively, representing increases of 3 per cent and 4 per cent over the requirements
of the initinul case. These ditferences serve to emphasize the eritical importance of the
basic assumptions underlying each particular solution to the programming model,

6 . CONCLUSION

It may be useful. in conelusion, to compare the qualitative nature of the maero-
ccononmic 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),
Melinunon (1964), and Chenery and Strout (1966) have worked with aggregato models
emphasizing the two independent constraints on growth imposed by savings, on the
one hand, and by foreign exchange, on the other. The savings constraint is a familiar
one : wssnming aconstant ineremental capital-output ratio. the rate of growth of
an economy is limited by the rate of investment which is equal to the sum of domestic
savings aud foreign savings (net capital inflow).
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The phenomenon of an indopendent foreign exchange constraint has been more
recently stressed in connection with the industrialization of underdeveloped economies. 34
When exports are limited exogenously (e.g.. by stagnant world demand), and when
noncompetitive imports are required in fixed proportions for domestic production and/for
mvestment, there is always a point beyond which potential domestic savings cannot
be put to use. and the growth of domestic ouiput cannot be inereased, for lack of foreign
exchange to purchuse specific complementary imports, At this point, a higher growth
rate can be attained only by workung directly on the foreign exchange constraint—
by increasing exports. reducmg noncompelitive imports, or receiving additional

foreign aid (uet capital inflow).

The mpheations of a simple aggregative model embodying these two constraints
could also be portrayed i the form of the graphs in Figures 1-ABC.  With a single
aggregate capital-outpuat ratio, and a single aggregate ratio of imports to total output,
the result would be consumption isoquants consisting cf two straight lines meeting at
@ cut-oft line ot the sume kind as shown in the figures, To the right of the cut-off
line, the woquants would be parallel to the savings axis, reflecting the fact that the
foreign exchange constraint was binding and additional savings alone were of no use
in raising consumption possibilities. To the left. the isoquants would be straight
parallel lines, reflecting the conetant trade-off between savings and foreign capital
inflow that prevails when the savings constraint is binding. Since, under these cir-
cunmistances, toreign 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 domestic savings, foreign savings add to the total
supply of savings without subtracting from total consumption.

By contrast with the results of an aggregative model, the results of the multi-
seetoral model of this study—involving u wide range of substitution possibilities
between domestic production and imports—show a velatively smooth approach to the
foreign exchange bottleneck. 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 possibilitics for import subssitution liave been exhausted. In the process,
the overall import-ourput ratio in the economy gets depressed to a minimum level
well below its base year value, and the overall capital-output ratio rises above what
it would Tave been with less import substitution Thus the rigid implications of the
aupregntive model are tempered by the introduction of choice among linear acti-

wities ac the seetoral level,
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The clement of choice in the programming model is brought into play by
variation of the effective rate of exchange between the rupee and the dollar, The
resulting re-ullocation of domestic and foreign resources is reflected by changes in the
valaes of the aggregate capital-output and import-oucput ratios. Table & presents
the alternative vulllm? for these ratios implied by altornative solations to the program
ming model. ., B and ¢ represent as botore the three sets ot basie assanplions abou
exports and noncompotitive imports; g denotes the targetted rate of grow th of cansumyp-
tion; and 6M/0L is the effective rate of exchange (the rupee price of the dollar). It
18 clear from the table that the values of the two ratios vary not only with 8M/0L, but
also signiticantly with g and-—in the case of the import ratio-—with the alternative

sssumptions A, B and (',

TABLE 9, AGGREGATE COEFFICIENTS

iucremental capital import-output ratio
output rativ 1965.1975 1975* (pereent)

g oML A B ¢ 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 65.29 65.39 4.62
7.6 .60 0 2,12 2.11 213 4.87 4.94 4.27
percent. 10,00 213 2.12 2.15 1.78 4.86 4.4
15,00 2,18 2 18 2.21 4.51 4.57 3 85
] 2.25 226 2.2 4.41 4.48 3.73
1.75 2.1y 2. 18 2.19 6.34 PRI 4,87
u.00 2,23 2022 2.24 4.82 4.04 4.25
4.0 7.60  2.24 2,26 2.27 4. 50 4.42 3.96
1iwreont to.on 2 27 2,207 2.29 1.44 4. 64 3.0
15,00 2.32 2,32 2.85 4.23 4.32 3.61
%0 2.38 2.39 2.4 4.13 4.23 3.52
4.7 2 a0 2.47 2R 4.07 4.8 4.13
G.o0 253 2.51 2.54 4.23 4.34 3.70
4.5 .50 2,54 2 02 2585 4.18 4.30 3.67
poreent 10,00 2.56 2.58 2,86 4 08 2.27 3 56
15,00 2,50 208 2.62 3.06 4.07 3.37
© 2.00 2.04 2.67 3.49 3.97 3.28

*10d5 valuo == 7.66
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The multisectoral linear programming model of this
study provides a more flexible -- and hence also a more
realistic -- representation of the eccnomy than any simple
aggregative, or less disaggregated, model could. Largely
because of considerations of data availability, however,
the scope for optimization in the model was limited to
the choice between domestic production and importing acti-
vities. In at least two important respeats, a areater degree
of realism could be achieved by widening the area of choice.
First of all, export levels could be made a function of the

effective rate of exchange in those sectors for which there

is a significant price elasticity in the demand for -- or
supply of -- exports.37 Secondly, the sectoral composition
of consumption -- which was fixed (at the margin) in the
present form of the model -- could also be allowed to ad]th

to some extent to the relative scarcity of domestic and

38
foreign resources.

Each of these extensions would increase the flexibility
of the model. For any given variation in the effective
rate of exchange, an even greater degree of reallocation
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 be wholly
exorcised would depend on the extent to which export levels
and consumption patterns are, or can be made, responsive to
price changes. This is clearly a subject on which much
more quantitative research will have to be carried out before

any definitive judgments can be made.
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FOOTNOTES

This paper is an edited version of an earlier one --
Weisskopf (1967) -- based upon the author's unpublished
doctoral thesis, "A Programming Model for Import Substi-
tution in India", submitted to the Department of Economics
at M.I.T. in June, 1966. In addition to the acknowledge-
ments recorded in the thesis itself, the author would like
to express his indebtedness tc the Project for Quantitative
Research in Economic Development for supporting his continu-
ed research on interindustry programming models.

lFor a more extensive published report, see Weisskopf (1967).

2Five other studies have centered around the application of
linear programming models to the Indian economy. Sandee's
(1960) siigle-period planning model is based upon a l3-sector
classitication; Chakravarty and Lefeber (1965), as well as
Eckaus and Parikh (1968), distinguish 11 sectors in their
multi-period models; ianne and Weisskopf (1968) work with

30 sectors in a multi-period model; and Tendulkar (1969)

uses a 32-sector single-period model. Apart from these pro-
gramming models, several models of the consistent require-
ments type havee been based on a 30-scctor interindustry classi-
fication of the Indian economy: sce Mannce and Rudra (1965),
Sabherwal, 8aluja and Srinivasan (1965); and Bergsman and
Manne (1966).

3An extension of the model to multiple time periods, with

a variety of modifications arising from the dynamic context,
15 described in Manne and Weisskopf (19568). Because of the
size limitations on currently available computer programs, it
was necessary to aggregate the sectors up to a 20-sector
classification and make further simplifications to accommo-
date five time periods.

4All references to calendar years are understood to apply
actually to the Indian fiscal year which runs from April 1
to March 31; thus 1975 denotes the fiscal year 1975-76.

5The avallability of data permitted a finer classification of
exogenous sources of investment than of exogenous sources of
current input demand. Although rail and road transport are
included as endogenous sectors (910 to 940) in the model, their
demand for construction capital inputs is treated exngenously.

6 . . . . .
These sectors include primarily the residual sectors defined
earlicer on page

7Military supplies consist of industrial products, but they
could not be included in any endogenous sector for lack of
detailed statistics.
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8/\l]_ variables without a Ltime super-script are understood
to apply to the single target year of the model.

9Barred variables denote predetermined constants.

loThe use of an equality rather than an inequality constraint

in equation (3.12) implies that target year capacities will

be fully utilized in each activity. Since a single period
optimizing model would surely not build additional capacity
unless it intended to use it, this does not represent any
restriction on the operation of the model. If historical
experience suggests that capacity is unlikely to be fully
utilized in a rapidly growing economy, the same effect can be
incorporated simply by raising the values of the B* in the pro-
portion that new capacity is likely to be under- J utilized.

llSee Manne (1966); the same type of stock-flow conversion
factor was later used also in Manne and Rudra (1965) and
Sabherwal, Saluja and Srinivasan (1965).

leor an algebraic derivation of Manne's stock-flow conversion
factor -~ and a demonstration that it is relatively insensi-
tive to variation in r -- see Manne (1966) or Manne and Rudra
(1965) .

13It is assumed that none of the capital equipment installed
between the base and the target year will have to be replaced

before the target year.

14Labour is of course also employed in the exogenous part of
the economy, but this labour cost is extraneous to the model.

15Construction is not treated as a separate activity, so that
both construction materials and labour inputs are related like
machinery requirements directly to the capacity increases of
the producticn activities.

2 .
6Strictly speaking, M~ should include also the noncompetitive
fraction of imports in sectors where a minimum proportion of
imports is imposed by constraint (3.25).

17Although some of the constraints are in fact equalities, they
can be represented as inequalities in the appropriate direction,
and they have been entered as such in Table 3.
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18For a general theoretical treatment of linear programming
theory and techniques, see Dantzig (1963), Gass (1958), or
Hadley (1962); for discussions emphasizing the economic inter-
pretations of linear programming problems, see Chenery and
Clark (1959), and Dorfman, Samuelson and Solow (1958).

19The theorem invoked here is simply the dual of the propo-
sition that a primal constraint is binding if and only if
the associated price variable takes on a nonzero value. See
the references in footnote 18.

20Only one case of joint production was actually included in
the empirical application of the model: the petroleum refining
activity (see the discussion in Section 2).

2lThese two terms do not apply to the single case of joint
production noted in footnote 20.

22No cases of alternative techniques of domestic production
were included in the final empirical application of the model
(see the discussion in Section 2).

23The sources and methodology used to compile the required
data are described in the Appendix of Weisskopf (1967).

24To the extent that noncompetitive import coefficients are
reduced in any given case, the corresponding coefficients for
inputs of domestically produced goods are increased.

25Sincc most of the work on this study was completed before
the devaluation of the Indian rupee on June 5, 1966, the
"official exchange rate" denotes the old rate of 4.75 rupees
to the dollar.

26Because of the great number of coefficients required for
the numerical applications of the model (there were approxi-
mately 5000 matrix entries in the final form of the linear
programming problem), it is quite possible that isolated
numerical errors may have crept in at various stages of the
study. Hence the precise results at the sectoral level pre-
sented in Tables 7 and 8 should be regarded as preliminary
and interpreted with caution.

27It is theoretically possible for the model to prefer imports
to domestic production in foreign exchange minimizing solutions
if the minimal foreign exchange content of domestic production
actually by exceeds the corresponding import price. That
this was not the case here can be verified from Table 8.
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28The remaining domestic production activities that compete
with imports all had percentages of less than 30 per cent under
the initial set of assumptions.

29The exogenous imports included here involve a few miscellaneous
agwicultural and industrial products which could not be classi-
fied in any of the 147 endogenous sectors of the model. As

noted in Section 2, foodgrains for direct consumption and mili~
tary supplies for government use are excluded from this category.

30The net infiow of foreign capital is defined in this exercise
simply as the balance of trade deficit on merchandise account,
excluding the import of foodgrains and military supplies. To
the extent that foreign exchange is required for the latter
items, or for any net payments under invisibles, an additional
inflow of foreign capital would be called for.

31The values assumed by each of the macroeconomic variables listed
above in the target year 1975 are presented in Table 9 of
Weisskopf (1967) for a variety of alternative solutions.

-

J2Because they actually represent a series of discrete steps,
these lines should not really be continuous but piece-wise
linear.

33‘[‘he isoquants cannot be perfectly straight lines, for at each
successive import-substitucing step the marginal rate of sub-
stitution necessarily changes.

34See McKinnon (1964) for a concise discussion with references
to earlier work.

35The assumptions of a single capital-output ratio and a single
import coefficient could be relaxed to accommodate different
coefficients associated with consumption and investment; the
basic character of the aggregative model, as well as the con-
clusions, would remain unaffected.

36'i‘he incremental capital-output ratios listed in Table 6 were
calculated by relating the total cumulative gross investment
requirements from 1963 to 1973 to the increase in aggregate
production capacity from 1965 to 1975; thus a two-year average
investment output lag was assumed. The actual figures obtained
depend on an estimate of the extent to which over-all capacity
exceeded actual output in the Indian economy in 1965. Since any
such estimate is necessarily very uncertain, the absolute valucs
given in the table should be interpreted with some caution. More
reliance can be placed on relative values, which are in any case
the more significant from the point of view of the analysis.
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As noted in Section 1 of the paper, any such modifications
would involve the approximation of non-linear functicns re-

flecting diminishing marginal net earnings from exporting
activities.

381 am indebted to S. Chakravarty for emphasizing this point.
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