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IN INDIA*
 

1. INTRODUCTION
 

This paper reports on a detailed numerical application
 

of an interindustry progranming model of the Indian economy,
 

designed specifically to analyse the structure of imports and
 

1
the scope for import substitution in Indian industry. 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
 

2
 
-- 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 targets 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 bet

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 differing quality
 

of statistical information available for different sectors
 

of the economy. Depending on the availability and/or suitability
 

of the data, some sect-rs can usefully be defined in great detail
 

while others may best be aggregated or made exogenous to the
 

interindustry framework of the model.
 

The progra' nin itmdel used in this study pays for its
 

disaggregation by being limited to a single period of time.3
 

All of the numerical magnitlades of the model relate to 
the
 

4
target year 1975, whioh is compared to the base year 1965.
 

The model is used to generate alternative patter-s of domestic
 

production and imports which satisfy a set of predetermined goals
 

of final demand in 1975. 
 It differs from a straightforward
 

"consistent fequirements" planning model only in thiat 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 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 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 e,plicitly non-linear
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formulation. 
 In 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 pattern 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 the --varying 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 programmLing model.
 

2. THE EMPIRICAL SCOPE OF THE STUDY 

For the purposes of the analysis, the Indian economy as
 

a whole is divided into tdo 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
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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-fourth 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 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 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 government policies. Services do 

not enter at all into foreign trade, and hence the question 

of import substitution does not even arise. 
 In 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 be
 

illuminated with an interindustry approach.
 

The mining, 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 broader classification has been adopted, reflecting their
 

relative self-sufficiency in the Indian economy. 
 The final
 

breakdown of industries corresponds closely to 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 
 coda- sector
 
100 ci j,, nrra1inf.,tae. .9 ) htri.s3500 liqht i,.*,'.'triasIII ira, r.. ra r. ja+',, iu.trh~s at1) a-Ia,'ri,' , z araraq iidUIl1 - nat 5fi i ar,,a112 cflatriaat .- , ori all ti1-rr0.0 ,r'I-ana.ratorm32 .a2! iaa-h.,i -..11 4 k),'hr,,rrlt..1 3 

t.a, I 712 hydnr t lit ,,,aat,,rators'a ; ,1:1 -,'22 al >:,-,'114 haisat.- .rI1-hrl 
u' 713 *'Iaat:, a-aat,,r.. . ,-''ii- :,-I..,.115 a-'n,[a.'*rare+ 333 f-'r,,.a.*,h_ , 714 trtu-,,f1 I,-a l .. . * ' 15 ,tl- r t-af a,'a.*riLgr.,Ma , r-;'-.t rat a i toaiaa-, 5:t2.a2, j a n , .. t ,.. t r.'r.,, ',,z ' . 3 .1 ,t l i r " . .f','r a, al . ,;. wit ,..ar rrid -'m trolgearw v'ta, t ta+72 4 t a P I - - i l t i,nxa ,..117 zif,'F-,ru',rtrat,- 33 1 eotl.tl t,t. 4\11-- -0~r 7211- ,- r,'fr 'rir_'t tr 

119 lnr t. : 2.,-,l72 , . a.I .9 ,arla,,r trp-atdlIjae minerals . 51::;:3 art -!I" - il , 341 I- lal atr at',iltta.r,732 i t' 124111 Fl' 3:34 nta.h.r :,*ud t uatanaant-t.131 I,)lr-.t a-- 514 zu.- 734 a*et' Ira fan.;3411 leat ,'rtnal irodurts 5-iS tin132 (-aai t,. 15I ru ,la *35. ,'h'*trl-laript,,-r 5r51f;4 [IIrk'.!13:14 'hraa aitv 73 a;d 'ya.,il
31 w% -l araalai:t, 547 ,tha'r lb+a,-tm.,tal.134 'au :31;2 g'.- 7"17 -.t,tafIt-~ ,a;ttto-rtaa
135 salt 551 ,a-itt ar,,tti - 73K:363 rt-frur r,- him-)l(a -ratr - telr,552 -tea-l p tIalII tal-,134; tnit~+ :111 7:.1 ruadi, ra',-iv.r ",.tb -;t1,01tt1'-n tali- min ralpt oduc.:'s 553 (tta I ,aaa,137 411ujIpmtntathaar tvarittiLalli minwral'. a4It a aaraaa,,aaaa-tftaas37a1 at 't*.1t1. 554 aat.I aa,-.141 r, k alaho-phat.,a :; I ,aaj' ttal-

aa'ndataai f,,rgaai% 7-51 athoar a, -trwal ,'ng product, paa- .rhaard 555142 -il htir h,'a- f-r. ,a -m rtI tiaral-;3*42 ala rar1 13 na- .t' 4, 34: a~ia~ aa 55a56 h '1v thiht 'Iaa-rail- ; l 1 . lraaittaatmS $; trat p - -pa i n d .i'st p , p m ut . itp¢aStaittaa aataa'aa-al%'t144 ,'ra, a tar- flaarslaar 4at ,h.',n . ,. rr,,'a i1i1a, ,, . ,a aa,-pn 'iac aada.-atri,- i12 alaa-.- la-a-npatr44t10-Ia1511 a laaa traita'raIq 411 r, .,n-am i11 aat -. la-rI tz -, ta:Lll ataa-tfi l'1 ,'10"atrI, . t tiaa t1a-1N Oi arata,' .,d " 412 3h-iua r, f,'rtlza''rti 612 Iaaal..r- -521 aatal'asat' . na413 ,a - sa-i,. 1--rtaz*r.4 61l:1 ,ha.-.' ,'lgia .24M1) fill'.ta ptwer iwba.a-lrij.a 421 aallaa ,,at,.i .122 rjiJ "e ,attalIaja t,.kil-l laara;-. ,533 a Ctta .,laa211P a-aaal 122 aa,,a a-}. iiIIal. , a,,r t S3ia-Fall.. '2241 aaaka, 4;2:1 -atal.t . - t 
.:32 akatt "-nI

I41 r,'fraz*'rttqaitrt,.n S:32 r aairaval.s ata scaaatr-r.2:11 alai' t . 423 ath. a ,L.- i ,aaaa1 1laim-a-l- aalSuij3a,'at
4"a a,' ti -:, ata'i'd 61'

, 241 aght ahla t..o 
r ata ntt -lit pitag 5.iut aria.w.aa

, ', l' nal htt,,s tig ra 'hi..-r 8-511242 ajauip Irka-ta,.ana.i other trarls ,,rt. -a4.11 ja,'-tafi , 61231 'at a-t t aia.a.haaia-r24: .3a 1.,Ii-244 fual al-i 4-12 I&lat-I,' ;taill 1.vthit .Itic-t 3 .y',aatl a a Tl ,lar ra'.,ms 6122 :"a"aTa. rtal Iata.ry62:1 1010 frayat+.aar 3rrllg tt fat} 91aaa i r'a . , ratil g,,,al-traan purt 
t244; i)her laitraihum 11rl5a arh,.tta,

It a11. lIar,. 62-1 atara,tll at 1aiaa-la.a...r '121 rail la-.-.a'rig-r translaart35 :I laull,
2541 lulria~tLLtg oils 631 I. In.wttaaal:hr,.. .3a; raa11l 4,16 m - ga-. tlran.jaart612 jat ..a.a.laama,laa1haai 91-S1 ra.da iaa--.. or tranripurt4511 piritIt 1:3:363a-aar a..az.r
laI1r.maa- taraasn4611 a 1r atr ltatutitl' 4i'l 9151 alut,aiJallo anrt1T,t.-. , --arak -,aa,' 9.5*2-naI . -lat airad47) oAj. r a-l-i,a...uad l product. 6:15 a 1 a.arva l a3o'ter tran1..,. raaa . ....a* tportIt'-w -I,. t15d I rra 

1:31i aa-aa.-aal aaafliaaaaa ra, 
6:7 (h.a l, .!a.,0|lltiat.l 

6411 hall ll.-atiag 
fi1I a-*-wra,aa,'aa. 

1412 tylowt -r
66:3 WIatOW J1.a aw~.ti11Ic1
11711oth,'r t,0,'lultiV'
-unginomring 

prl I at.

http:aria.w.aa


-7

the Indian planners. 
 In 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.
 

Ti) cwh of t lie i17 endogenous s't 1e t hetre corespoliit (list rit)I iou eqlla-
Slom Illla lu suljipl\. (trno' (folliestie irodl ,tioll oi impo 't,) with ,l.'uund (from
lilll 'oli.,tlilipti ol, invle.st in ilt. intern'itdiate uses et"'.). Ant, with few exceptions, 
to e1c lt"t lIVssett Or'S I lere corresponts a distinct doinest i( produnct ive activit.v with
which is alssot'lt (.I ;I single sectoral outpInut. a ioduction tuiet itn iti the toi'in of a 
v'ctor in itl current fhow inatrix, and 111nillcTreielt1atl tiXed allital StlrtUL4re III tihe forll 
,)f it veetor ill a Clt ial matrix. The exeoptiozis arise in tisecse of joint. prloduction.
alternative teciliIqles of prodnution, a id nionompetit~ive imports. \While there 
a11 nauy i lNSt!LhleVS of jOilit prodluctiol ill the colili'Ny, ohll iN the Case of l)et'oleum
rtfining (loes this ,situdy deal with more than a single major produict. Sevei varieties
 
of petroleum iprotlets hav(, been (listinguishecd 
as sectors, hut to these there correspomnd

only' two pro(luction activities; the basic refi illgtprocess which yiels light (ist illat es.
 
herosenes, diesel oils. etc. ill certain 
 teeli nologically dete'lnined firactions: and the
 
further lrocessing require(l for the production of lubricating oils. Alternative tech
ni(lues of production were initially include( for electricity generatioi. 
 where the radi
'ally different hydro mi(l thermal locesses have 
to be separated: for rail transport.

where coal, diesel amld elhctrie iower are di.qtiigllislied; and for mototr goodk transport.

which uses petrol or diesel oil. 
 The choice between the alternative teeliniitIuies, how
ever, iq liredete,-riiihdll br11the ipurposes t lithe aimlyi 'is, 
 since manly1of the eonszderations
 
oi which it depends couldt not ie incorporated into the mod(el. Finally. severnl
 
sectors Such:as till. s1lllh 
 i. etc., ;'1.4. tied to raw iiaterials llizivaillhle ill ldia : there 
(-,Iii be no (it nest ic odluction ini these ind ustries, whose pr(dulcts enter only 1s tion
competitive imports. 

There are no overall (fistrihut ion equations for the exogenousiproduction
activities of the eclloiny; only their (lenia ndl for the pro(incts of enldogenous sectors and 
their impact on the balance of trade is 'oisidered . lli Table :2, the exogenous part
of' the econoniy is classified into a number of seetors., of whicheach forms a source of 
demand for current and/or for capital iuiUtsaccount from the e'illogenlous sectors.5 

For each choice of Hui overall (consumptioi goal in the target year. a eoriesponding 

http:invle.st
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Net of delitnd mt~etu.U n ,t, bn pecilo.l Iimt' ile exe(llou. sec(tor.s. \hi l( 11o moeha
icul h teof relations ill be (znployed, (miiwoul litat ur.ill* waoat to lilIalne in i general 

wiLy tile afl)it,ihusless of the exogolioislv deterlijhed conisumption target Nvith t e 
extent of the inpit demand from wheem ,,.f',s .,e't'ors. These inpult demand vetors 
can be treated a.- iimdependent parainwti-rs, .b1ject t o variation a(orling to diffurent 
est.ilates od dellal idm. differelt lutire goals. 

tit.' CTABLE 2. 1.1 T EX)(i.ENnV*S I. 

A. bovurce8 of IleppialI for cejrr'l/ii t, itI 
I. agricu Iture tit dl rxrigut1,1 

2. oxogo IiIIs I itii. 1,), r" itj tJ,' torvievs 

B. ource (if dtmnfi , capoital iipt)!,f 
1. agriculture) 

2. zuio r ripgzi io 

3. MI".ItI' oll st I'l, tm 
'1,q I'O t'oi 4t r Ih't i- U 

i-,t'horlti-nlli-|t ,,l' m|id e'" , m tmliot iti s 

I 
7}. puttv et an d vo mi m i olir i 

Sinle titit olput of the ex 111u,15 pltrt tifth ecoomy djes 1t1 enter explicitly 
into the analvsis, it is liot ilclidcid inl lie pli(lhititoll and cilaital velto's of tile eildo
genous industris. This 1easlls that Ihe cost (itlgriilhllral ail SelrVict, iniputs, (ither 
than rail and road Ir~iispirt, is omiit t 'eli thte alaN\si,. 'l'i- ,milssill results in 
an ulnlerstatellelt )tlthe d llsestli, cost (it'1 h'thofitn- sertorst ith ,iglligficlnt inputs 
of agrieult ural (ilnuilioditi,.s. niiptall, ti.'( food and lil'e ii)l(istries. and it biases the 
model's choice inehlia misii agailst imports illthese swet,,ws. lowev,'r, this bias is 
unlikely to affect the v the
lidit v oft ieresults silit'e a's.fio' such imiports rather than 
dolliesti' produtlit'nil is stjrely \'rv 1%watl-. And sitnce mst oft out juulu Ofties*' Sectors 
is delivered directly toitiial t')ostns ptimll. tit, pitelitial r'll'ge of distortion through 
interindustrY linikage is snfliieivlt lv liiniteid to ihe li( hl. Th' millitted Cost of 
services--mostly trade and coninerie Is also negligible. sine, it a't,ct, mo e or less 
eq(ually tile activities 4,f 1)l'o(uL'tioll id imorting. 

Since tite focus of,' tilt' whole study is oil import sulstituitol, the structure ot' 
illlport requlirenimt, reeeives detailed cm irieal attect ion. Five ;cparilte sources 
of demand for imports are distinguished illtie analysis. 

First, there is the denmand for tile iliijpiort Of VlIiOteuIelor SOt0 commodities 
asI altei'iut.ive to doiestic ''hiese at Liodhctiou. uituwi('i llletitive \\which consti 
lute searate activities of tIhe programnilng itiodel. .ii ge imral. import ,uIlbstitutioln 
is allowed foil scope amtthe margir :that is. there is a fret, choice lot tceiiimporting 
or exmn(ing donest i productie capcity to sat is'I u atever dinammd is generated 
in the target year over and above that which can be satisfied by eapamity existing in 
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the base year. [n a fw sectors whose irodilts are relatie]y iterogenous.0 the scopefor import suhstitution is exogenoudly restridted to reflect

the heteogenotis products may actually 


the fact that only some of 
be profitably substitutable.there In these sectorsis hence a fraction of the total demand which must. be satisfied by noncompetitive imports. In aldition, there are a fiew erVaogenous seet.ors whose products simplyeannot le promiuned inIdin (,... tin, sulphur, etc.): as nioted earlier, the entire demandfor these pirticts bust ulso be satisfiedl by ll0licollipetitivo imports. 

A thir'typo of' Ilipoi't whiicii .,istinguished in the analysis arises from thedemand fbr agr'ic- Itui al raw lateril, whi(h cannot
agriurl bo made available from domesticr'i)-oIltt iiO. T'hesO
I plro hets belong to the exogenous partecoliony, hut, they used of theare il olgorous industries.
agriculltural raw 

Imiports of nontorupetitiveinatcri:als arc related via, fixed coeffeiient.s to the endogenoustion acttvities wiich use producthem as inputs.
of nmoeopet,itive 

Thus they are treated as a separate categoryimports, distinguislhed from the imports of noncompetitive iudus
trial products.
 

Tho fourth sourbo of demand nrimports is for the remaining commoditieswhich belong to the exogenous part of the economy. These include plimarily tbodgrains Ibr direct constnlpt.ion, and military supplies for government use. 7the demand for a few Whtueinor exogenous eategories of imports can be )rojected into the
future, it is very difticult
imports. to forecast in advance the requirements of food and militaryIn alny ease, tile supply of fI*'reign exchange for such purposes is oftenquito indepemdeat. of tie supply avnilabil, in, other imports. Since the analysis ofthis study cannrot miningfu lly take these imports into considel'ation, all referencesto the balan .eof Itnuh will he understot ul to exclude then. To the extent,that foreignexchange will be meessnry in tile target year for the supply of foodrepresent or tanks, it willan additional requirement, over and above what is generated by the runs of 

the model. 

The tiial sourco( of import demand is of (aonsiderable significance in the Indian
context and fins thereforo 
 been incorpolated in a separate way into theframowork. interindustry
Ile produts of thle engineri rg set ors (included in the groups 
 'mechanical vingiircering', 'lectrical engineering' and 'transport equipment' iii Table 1)differ from the products ot almost all the other sectors in itbasi, way : theyboth consistof complete units and of parts. The demand for conplete units arises eitherfrom fixed investlnlent (illtie ease of captal equipment) o fronl direct consumption(in the case of (,onsu ner durables) Th e (Ieriand for' parts, on the other hand, arisesfriom two different sourees : thhrricaiion of new complete units, and maintenance of
old-units. Tile domestic produelion of comnIlete units is typially also subject toquite (liflbrent fhi etors than the domestic prodlietion of parts. Like the produetionof most of tie othcr endogenuous sector products, the production of complete units 
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in the enineerilg sectors is limited priimariily by the exisYing eapacity of tile capital 

stock, the availability of raw material inputs and the supply of primary factors such 

as skilled lalotir. The pr,)duction of maii*y pi rts and componients, however, is most 

or an inadequatecritically linited by faictors, suhit as al un coioinie scle of demand 


technical knowledge, which could i Ithe ii (orporate(l explicitly into the analysis.
 

l , difleIrieThe nm,,ls tmi .l- u'w Id df~;tliil' Nith tile iliipoirtaiit e between 

COilte, llits nil t,.iriwhe I ho define a separate nlew sector for each type 

of cornlpollent part. [he cx Stin" av ailabl)ttv ot" dat:. ihowever. ruled out. such II 

ambitious undertaking. The alternative adopted in this study was the following. 

Each of the non-residual engineering sector:, listed in 'able I is understood '.o represent 

complete units only. -Illengineering parts and comp o nents are divided into two groups: 

domestically l)rodu(ced (1d imported. Domestically produced parts are included ill 
the output of the .orrespondsig reidual engieing sectors, while imported parts 

are treated as all additional category of noncompetitive imports. 

Both the imports of' comlete units and the imports of parts are (listilnguished 
according to the clissifiwit-ioz of eineerig seetors given in Table I. The import of 

each type of conihtc iunit enters into the corresponding distributional equation as all 

alternative source of sup ply, just. as in the case of competitive illports in the other 

endogenous sectors. '-I'he import of each tYpe of component part, On the other hand, 

is related via tixed coeflicients to the production level of tie correspoildiilg domestic 

industry and to the existing stock of the corr(spondiiig type of equipmeilt. These 

noncompetitive parts imports constitute tie fiftlh and last. source of import demand 

distinguisled in the analysis. 

3. TiiE A.LEIBRAIC FORNI,,ATION OF TiE 'MODEL 

The model onl which this stiuly is based is a singlo-period linear programming 

model which focusses oni tie structure of' the econony ill a future talo'et 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 front which the future 

growth possibilities are charted. 

The basic set of constraints of 11y interindustry niodel reiate to the distri

bution of the supply of products from ewch eil(logenous sector anlong the alternative 

sources of demand. III its sinlilest form, the typical distribution constraint in the 

presetnt model ;s tormulated as follows: 

dj.-r- t > t-- *-ci--e . .. (3.1) 

where di, wi, ci and ri denote the level of domestic output, imports, consumption 

and exports of sector i products, respectively; and t aid it' denote t,he total level of 

current and capital account deliveries of sector i products throughout the economfy.8 



-11

C'onstraignt (3.1) simply requires that in genous sect or's 
the target year the total supply of each endoouitput mist' be at least as greit, as the corresponidilgAll total demand.of the sectoral supjly and demand variables are expressed in ternis of 1960 

ducers' prices. 
pro-

In tilt,form ulatlon of' tie Mo It'], 'adistimctiozi must beproductlels made between theof tAs ezidogelnms sct ors a1(1prodUce(' tl,'i.in .*s (lisc~e(l I1 St 
1ie (omestic production activities whichu 2, t ter'e not olis oni plt e ole-to-one[)onlence betwcin corressect(ors a,,,I JrOd n(t \e ac'tivities. The donestii protlcts is rMated algebraically output di of sectorto the activity lev-els rj of the productive activities 

ias follows : 

- r 

... (3.2)

where 1; is a matrcix with ?I rows corre.sponding to the i vildogenouscolumns (orreson1dimng sectors andto the ildomestic 1roductioni m 
activities.al identit,'Nnatrix, with U is equivalent tothe following exvcpt ions :(1)rows representing sectors whoseprodutts ('lminot 1We(1oliestically proIuced
(2) the have no correspondingrows n r',ecnting columns,the joint andj)rodmits of the p)etroleuln industry have positiveelemetlt-s 11,denoting the fraetions in whih they are produced by the refining

activity j. 
The target year level of production .r of each domestic production activityj is made q) of two compoents : 

xI - +.
where Y-: is delined ... (3.3)as the output obtained from capacity existing already in the baseyear, and a7 rep'resents the imremeital out )Ut obtained frombot.w,.eii thp east year new eal)acity installedand tihe target year .-As ais assmned rather harlnless sinpliication,that in each itsector the iapavily remaining from the base year will be fully
utilized in the target, year: thu is2 applies both to the remaining capacity and to the
corresponding produeltion level iWisectorj. 
 In the interval between the base and target
years there will geleraly )have been some retairenleut 

so that x does nut 
of the base year capital stock,
neeesarily equal the base year Iroduutive capacity.


To all of the endt gc ous sectors whose productsthere corresponds ani i 
can be physically imported.
 orting act,ivityvwhich provides an alternative source of supplyto domestic production, Thus wo may write for each such sector i : 

7111 - 71!11 
where y ... (3.4)(le iutvs the activity level (nicasurd
importing in e.i.f. (lollars) ofsector i pr'oduects, andl r is 

the activity forthe oqui\-alent domestic1960 jrodmors' value (neaisured inJrice 'upces) of a dotllar's w\ortJ of importsTh e xporl dllhiand foir sector 
of seet(r i tproducts.i produets is simply specified exogenously :
 

(4 el.,.. (3.5) 

http:tl,'i.in
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Tho total deniazid Ij for intermediate deliveries from each endogenous sector 
i is made up of three components 

It- Z-= , 7t ... (3.6) 
k 

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

tt = ZoaR ... (3.7) 

= ... (3.8) 

Two separate current flow matrices arc 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 he base and the target year. The current input deniand tI for 
sector i products from each exogenous source k is related to an index Tk of total current 
input demand fromi exogenous source k by the following formula 

I ... (3.9) 
where r is an estimated coefficient of demand for product i per unit value of the total 
demand index for exogenous source k. 

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

vt~ = ?-A@--v--Z . (3.10) 
w A: 

k 
The first term refers to the demand for fixed capital investment in the endogenous 
production activities, which is determined followsas 

F - F z k). ... (3.11) 

The coefficient b!. is an element of tie incremental fixed capital structure matrix B*,
which gives tile rate at which the lro(licts of sector i are required per unit increment 
in the value of capital stock installed in activityj. A*includs both the expansion of 
the capital stock from its base year to its target year level and t lie replacement of part
of the base year calpital stock which is retired during the period. It is related to the 
incremental production variable x; of equatiomn (3.2) as follovs 

A; -- . ... (3.12)
where fl; is the incremental capital-capacity ratio defined in terms of value of capital 
stock per unit of productive capacity in activity i.10 

The expression 1 bIk in equation (3. I) rcpicseC~ts the total amount of sector 

i prodlucts that must he aioldt 10 fixedl capital stock it, the full period 'rom the base
 
year to the target year. To convert this stock variable into tile flow variable required
 
by the model-viz., the (elmll f'or ijnvst lcllt g(ods in the single target 
 year- the
 
stock-flow' convcrion facetor 
 I/' is appf.lied, r1' approximates -for the endogenous

activities as a whole -the ratio of target ycar fixed cap ithl investimait 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 activities, which is given by 

oF = , 2 (zX-- X). (3.13)
I 
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Equation (3.13) is analogous to equation (3.11): 
s*. is
 
13
 

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. 
 q 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
 

n and n 
 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
 

VT
F 

K T 

- K 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; 
 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 base thethe and 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 

to variation -- within a 'reasonable' range -- of r.12 
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ForI' the irposes of t lIwl))ese model. in it., priial foiim, a lighll difterent, 
method for estimintilig 11F' is Suggest ,. Tile difflervii( lies ptimalil in the fact that 
iivestnwiit act ivity Ill tihe target yealr is iel.lted explicitly to tile growth of output 
beyond the target year'. as-ill pli('iil shJuhl Assum ing alli al ofi .-it be. Mi rate 
growth of eapital st oek (f r'T after tIhe tal'ret yeaI'. aid all averae lag of 0 vears between 
the production oft iiivstient goods a nil thl. colreslIolniig increase in productive 
capacity, we may express VT as 

JIT - KTi I - KTI'T(?T1 I r-"') - ".... (3.15) 
[f We defulic ie average annual rate ,,f grot' h of capital stock between the base and 
target years as r0, we may write 

K T == /'o(1-;-_rO)T . 16) 

where T is the corlesp)On(jg lengtHI of the peric,(1 in years. Substituting quations
(5.2) and (-.3) into equation (5.1), we gel : 

q- r0)-'0 = ... (3.17) 

ii o)II f flI I 'ia 0TIlius i its I I ,t ' vI rj)h1l es : q , r ,. ). T is determined by tile I*or.,,,lationl of the prblol di(/c; canbel estimatedt from em pirical data; T
r must. he specitied

in advai ie as ole of tl(, talget paramet ers of the model (like tile 
 tinal demianld vN'i
allies ( a'.iid 1'); and .0 Inlust be estimated prior to each programming run (like

Mane(',s rat, of growth of investment activity r). The working capifal 
 stock-flow
 
conversion ,ac'tor ?J is estimated in exactly the same way as ?IF
T , with the single excep
tion that the average lag 0 is assumed to equal zero; thus
 

?'l'(T, r',rT) - 7IF(7'I, 0, rt, rT) ... (3.1 8) 

Each of the stock-ilow conversiol fie.tot 's IJ, aild l /,' is applied uniformly to
Ilvestment (hemand f'om all of the endigeiols activities of the model. In princ.ple,

it. would be irev acehurate tto 
 apply distinet stock-flow conversion fiactors to each of
 
the domestic *IL'odii.tin activities j, since the variables on which 
 the values of qF'

and q1 (lelwld (see equation( ,. 
 17,sre likely to differ as between different activities.
 
Oi tilte ot her Iiani, since tilie valjes of II" and 
q' are relatively ":seiisitive to changes

ill tie growt h1Irates ,.- and )r',and since tile estimation of r° is in any case only approxi
mlative, tie ad liti onal .omplexity would 
not appear to be jiustified . One might

further suggest that tile vallie 
 of q"F be ,!istiiguished according to the sector of orillin 
of the c'apital gois-sice the gestation lag 0 may well differ as bet woen different types
of goods i--but tlie lack of sufii(ciently detailed information, and he relatively small
etl'ect of changes of this kind, dictated the simplest course of a common qF"for use in 
the )resent stl.(ly. 

The third termin of' equation (3 10) refers to a part of' the deniaid fbr replace
ment investment which arises from the ret.iremcnt of capital stock between the base 
and the target years. 13ecause retirement, rates differ as between different types of 
capital equipmenlt, the residual productive capacity -Ii for each activity j can be sus
tained with capital stock remaining in the target year 0nly if soie of the less durable 
types of capital are kept in the right proporltions by partial replacement. This partial 
ro)laeoment investment must be evaluated exogelouslV according to the age structureand retirement rates of the various types of capital equipment existing in the base 
year:.3 

... (3.19) 
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As noted above, tile total dcI(., a11 replacelent inlvestmlent in tile endogefnous pro.
dction activities is not lniited to the r' terms but incudes also a fraction of the c 
terms defined in equation (3.11). 

T10h' exogenous demand for endogenous ctpital inputs is summed in the last 
term 

input demand
of equation (3.10). Analogously to equation (3.9), the capital 

k fbr sector i products from each exogenous source k is related to the total (market)
value of investment I/k in exogenous sector k by the following equation 

p 1.;7kA" ... (3,20) 
where f is i roeflicieim giviig the ca pital input. norm ol the product. of endogenous 
sector i per iit investument in eXog,'niiis sector k. 

In the remaining equations relating to constraint (3.1), the fliial consumption 
demand cI for the output of each individual endogenous sector i is related to the total 
(market) value of aggregate consumtptimi (:) in tile target Year. The relationship is 
analogous to those of equations (3.9) ani 3 2 O)ut it is n1nhomogeneous : incremental
sectoral coetllicients arc introdtuced which differ from tile corr,-sponding base year 
ratios. 

Each tar'get year eonsulption demand i is expressed as tie sum of two 
components : 

Ci ,.g' -'(3.21) 
'['he first term cf, represents a per capita level of consumption equivalent to that of the 
base year : 

''(3.22)where ,! is tthe base year level of consu ilption of sector i products, and it is the expected
annual rate of' growth of population. rhe second term c, includes that part of 
target year consumnption which represents an increase above the base year per capita 
level 

-0 
-- (7- n ). "(3.23) 

The term in brackets represents th amomt ty which target. year consumption ex
pendi .ure exceeds the expen(luitmi required to maintain the base year per capita con
suniption levels, and tie coeticient -,' d(,notes the proportion of this excess consump
tion expenditure which is spent ol t w products of sector i. The are thus 
equivalent to incremental per capita consumption coefficients; when divided by the 
corresponding average coet 'icients oht aimg in the base year, they yield :mpfied 
linear per ecapita expenditure (laslieiti('5. 

Tihis comlpletes the presentation of the struotural equations which undfflie 
the initial set of distribution constraints (3.1). If all of the equations are directly
substituted into the original eonstrp.ints, these constraints can he exp,-essed in reduced 
form in terms of the following independent variables 

x! the endogenous imremential production activitv levels: 
y: the 0n1dogenoul iliport ing activity levels;
 

TA' the indices of' current input demand from each exogenioums source;
 
k ' , the market value of investment. in each exogenous sector: 

C : the market value of aggregate consumption. 
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The reduced form P-1 of the typical diistrihiiti,12 constraint is shown in Table 3. 
TABL, 3. PIMAL (ONSTRAINTS 

P . '.......... 
 ..........
 

where 
li' Of fiIY (iI.. 

(J ' f j '. ',j
$ t- 1J'-?O ., 
 t '
 

7 j !:04 U-) )Z 4-;, (.?1 - v)C 

P.2
 
e'3 
 'q"u !*.(I-/'d ?W~> 1: /t,qjx- e IJIJ ,JdU 

,' (ie MMl) 

P.4 Tk > (k., j. ') 

P'6 'Pk (k . i.. /'V: > 

P-6 0 0 

I.,, 

whoreoX FA1111 'iii 

P-8 
 '
- X' - y - 2'/; Vk

j j k C 
whoo U., *, + 

(JL,4,iti 
, + L (Udz) b * *JrI'.Mp dtp'fl iJ J
 

Ak 
~P1,11tlI 

(Etzf) Ut Y' 

Tie remainiiig colstraints in the jnugt'a in in ig modelfirst are ineqt tlities Wvhich are of three kinids. Thefurther constrain
The second tlie basic act ivit v'ariables xajare equalitie, which and ,q.fix the exog(Iioiisly specified valuesvariables 71k, 'k and C. of the aggregate'I1h third ar, equalities which define additionalmeasuring activitiesthe requirements of domestic aid11brcign priimarv resources.The additional inequality constrints artre
introducedto what aro in fact as linear approxinia tionslikely to be nonlinear situations. For a fewproduction activities of the model, 

' the endogenous
 
upper bounds are imposed 
on the level of domestic 

production:
 

Xj 
 (jcXiI)8uch bounds ...(3.24-)are required when production is restricted in actuality byiF not incorporated a ftictor whichinto the interindustry frameworkthe case of the model.in several This is notablymining activities, where the scope for (profitable) production is 
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sharply limited by the availability of mineral resources. A second set of inequality 
constraints is applied to sonie activities in order to limitn the scope tr import substi

tution afforded by the lineau' structure of the model. As discussed in Section 2, it is 

desirable to allow for the flct that in a few productive activities whose output is 
relatively hotr,,,neous ome of the pioducts may not be (profitably) substitutable. 
Thus the following type of constraint is introduced 

"/Igdi Uhfi ""(3.25)-lt) (iMM) 

where Pi r'cl)reseilts t ie iiiiiiiinu l)rOl)ortion of the supply of the products of sector 
i which must be imported. 

The folb,,wing three e.-t,)f constraint serve o') introduce the target year goals, 
subject to the attainment of which the programming model minimizes costs. These 

' goals are described by the aggregate %%,riables TA. Vl k and C. for which values must 
l)e determined prior to each run of the model. Thus the constraints may' h,, %vrittei 

as follows 

71k A. (k = 1. T) .. 3.2 6 

V-- J)' (k = 1. Iv ) ...(3.27) 

C = C "1328) 

whore the harred variables represent the pre-deternined 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 eost function, representing the 

domestic an(] foreign priniary resources respectively. 

Labour resources are required by each of the domestic 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 aetivities' 4 is given by 

L = ,.y±Ax)y: (A';..29) 
j (3.29) 

The first term measures the direct current costs of operating labour. where A1 denotes 
the labour cost per unit of residual eapacity production, and A*the labour cost per unit 

of new capacity production, in 1975. The second term measures the indirect capital 
costs of' constrntion labour required for the installation of the capital stock.15 The 
coefficionts 18 may be regarded as the (ni--I)-th row of the B* matrix, giving the cons

truction labour cost per tunit increase in capacity for each activity j. 

http:stock.15
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The. foreign exchange cost (i.e. thp 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 includedin the model and are summed to yield the total value-measured in o.i.f. prices
(f endogenous imports M :
 

4:I 
 '"k...
(3.30)
k-i 

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

S"(3.31) 

where CM is thto set of endogenois secturs in which imports compete with domesticproduction. The second type are the noncompetitive imports of endogenous sector 
products, whose total value is given by 

M2F - . ...( 3 . 3 2 ) 

where N.M1 includes the ,set of sectors whose products cannot be produced domestically."a
The third type are the imports of noncompetitive agricultural raw materials, with 
a total value of 

. 2I.. 
 (3.33) 

where AM incltdes the set. of endogenous production activities which use importedagricultural raw materials as inputs. To each activity j there corresponds at most one such input, which is required in the proportion f in terms of c.i.f. dollars per unit.A fourth category of imports was defined to cover the remaining imports of exogenoussector 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
 

-14 
 _2 jj- - 2 (t/z)s"t..
jE,11 k'113., (3.34 ) 

where PM is the set of engineering activities (and corresponding seetors) in which partsare distinguished from complete units. The first, and second ternis of the equationcover the fabrication and the maintenance demanuds. respectively. -j represents
the total dollar value of imported parts required in the production of one unit of output.rj of activityj. The same coefficient r is applied to the existing stock si of equipment 
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ofsoectoral type i in order to determine the total embodied value of parts which can only 
ho replaed by noncompetitive imports. Assuming that the average life o:f engineer
ing parts is z years, a fraction I/- will have to be replaced every year : this leads to 
tlhe maint.enance deniand described by the seond term in the equation. 

The 	stock of equipment .1 can )w ,,xpressed as follows 

k 	 '(3 .35) 

The first two terms of the equation cover the stock of capital equipment in the endo
genous productive activities of the economy. s, is th- 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 ere-ogcnou, stock of type i between the base and the target years given simldy 
by 

---	 bk. .. (3.36) 

The third term of equation 3 . 35represents the stock of s,,'tor i out put whiih is held 
as capital equipment in the exogenous sectors, and the fuiirthi term aipplies when the 
products of sector i can he held as consmner durables. Since these stocks are exo
genous to the interindustry framework of' the model, it is necessary to apploxiinate 
them indepienth aly. 'r is a rule-of-thum b conversion fact or which relates the stock 
of durable equipment, of sectoral type i to the corresponlding exogenollu investment and 
consunption flows i'' and ci in the target year. 

It. remains now only to define the objective function which is to he minimized 
s.hbject to the attainment of the targets prescribed in constra nts (3.26")]3 .27) 

anct (3.28). 

2.-ULOMM. ..(3.37) 

The function i consists of a weighted suni of the domestic (1) and foreign (;!) piimarv 
resource costs. The relevant weights H, and 0,%' must be ine-assigned for each run 
of the model; the corresponding weight ratio can be interpreted as the shadow rate of 
exchange bet-weeni rupiees and dollars, oil tile basis of' which all other prices in the 
system are determined. 

This completes the presentation of the primal constraints and objective 
function of the progra inning mo(del. All of the constraints entering into the model 
can li, ex presed in revluced form in ternis of the independent 'ria bles .it,' . TAk, I'" 
and ( (ideiitfii,.,d at tie bottom of page(' " along with tht- following additional 
independent \'ariables : 

L 	 the total rupet, c.if. dolla., value of the \\age bill in tile endogenous 
production activities 

,1: tile total e.i.f. dollar value od' endogenous imports in the ecoiiiony. 
.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. 17 
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'|. PilE 'tI(E ,TRUTI'I A (IF THE MODEL 

Corresponding to the primal form of the linear programming problem discussed 
in 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 cjx1 subject to Ax > b, x > 0 

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

maximize E bipi subject to pA < c, p > 0 

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

programming problem simultaneously with those of the primal variables x,. The 

dual variables pi measure the marginal reduction in the value of the cost function 

( cjxj) which can be achieved by relaxing the i-th constraint by one unit; thus they
i 

can be interpreted as the shadow prices associated with each constraint of the primal 

problem.18 

The dual constraints of the present model can be spelled out most conveniently 

wit h 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) are 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 

each of the eight 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 

coefficients constitute the matrix A of the standard problem. Finally, the corres
ponding elements of the right-hand side vector b and the cost function c 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 : 
aqxj > bi 

so the dual constraints can be read from each colunn in the form 

E aijpt < c1 . 

With each of the sevew 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 

eorresponding to constraint groups (D-3) through (D-7) (Tk. ' Vk, C. [_ M) are al 

bound to appear with non-zero values in the solution to the model.19 

http:model.19
http:problem.18
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TABLE 4. CONSTRAINT TABLEAU 

traints 

primal 

P.1 

du11 

aotivitlos 

! 

)-1 

(- j-,'j) 

-).2 D.3 

Tk 

-

D.4 

p 
" 

- -

D.5 

C 

Y, 

D.-

L 

0 

D-7 

x 

right 
hand 
side 

qt 

P-

P-3 

t 

100 
2 

-. 'Pilj (1-pi)-j 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

-x 

p j' 

P.4 p 0 0 1 0 0 0 0 > Tk 

P-5 p . o 0 0 1 0 0 0 jk 

P-O pc 0) 0 0 0 1 0 0 C 

P-8 p-- 0 -I 

k 

-iC 0 1 ,.1q 

I 

cost function 0 0 0 0 0 OL O' 

TABLE 5. DUAL CONSTRAINTS 

D) I 

D-2 

D.3 

D.4 

D-5 

/,(,-ugj)/i _ . ' jlt jg,pMM
t i 

(jtXM) (itMM) 

n7jPi+ (I -j)n p.ilfl-pM < 0 

(i e MM) 

pT -;T'p, < 0 

Pf.-) AnP'- I'll" < .0 

L'--y*p~ /,--. p'Af 0 

I' 

,ii 

-A. pL- 0 
ll 

(j = 1 ... 1n) 

(i . .... 

(k = 1,... 1r) 

"(k--"1... IV) 

D.6 

D-7 

p 

p" 

()I. 

86" 



-22-

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

they appear in 
to examine the dual constraints iiv the reverse of the order in which 

and 1)-ti simply imply that the shadow prices pm and ph
Table 5. Constraints D-7 

P-8 and P-7, defining the total use of the two 
(associated with the primal constraints 

primary resources M and L) mustkibe equal to the preassigned weights W1 and 01L in 

the minimand of the primal l)robem: 

p M ().I 	 ... (4.1) 

p L ( L..... 	 (4.2) 

Constraints D-6, D-5 and D-4 de~cribe the determination of the shadow prices pC, 

pk" and p" (associated with the primal constraints P-6, P-5 and P-4. defining the target 

levels of the final demand variables C, Vk and Tk). Thus the shadow price of a (margi

nal) unit of consumption is given1 .by 

-O y*i OM 	 ... (4.3)c 
- -, 

where the first term represents the (marginal) cost of endogenous sector products

priced at the corresponding shadow prices pi-and the second term covers the cost of 

.. awl nn jnPtA' i a h hqw pri( of importsnonco"pet itW-a 

equivalent to (.1, The shadow prices associated with' marginal units of investment 

VA in each exogenous sector k. and the index of intermediate demand TA from each 

exogenous source k. are given similarly by: 

k = 1... 	 (4.4)p' E fkp,+P-OM 

pr = -rAPj ' = 1. .. 	 ... (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 yj. Only those constraints corres

ponding to the subset of x* and yj included in the basis of the optimal solution will 

turn out to hold as equalities; the remaining constraints will hold as inequalities. 

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

pi+(K--/ )pIM < (1/7)Ob! = , ... (4.6) 

(icMM) 

- Xljujjp~f MX Itjpt-pM E 

(jeXM) (ieMM) 

< 2;Wip+AfOL+ j = M ... 	 (4.7) 
i 

where pfM and ptl' are the shadow prices associated with the primal constraints 

P-2 and P-3, respectively. 
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For sectors i and activitiesj which are not affected by primal constraints P-2 and 

P-3, and for which there is a one-to-one correspondence between sector i and domestic 

treat U as an identity,production activity j, we can ignore the variables pfM and pfM, 

and set i j. Constraints 4.6 and 4.7 can then be simplified to the following : 

... (4.8)Pi < (l/TrJ)O 

... (4.9)pl .< E u,qjpi+AjxOL+,rOM 

The right-hand side of (4.8, is simply the cost of importing a domestic unit of 

sector j output : (linj) 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 OM. The right-hand side of (4.9) is the cost of producing a domestic unit of 

sum of the unit cost of endogenous sectorsector j output in production activity j : the 

prices pg-and the unit cost of domestic andinputs wi - evaluated at, the shadow 

foreign primary inputs A-r and uxr--evaluated at the pre-determined shadow prices 0L 

and OM. 

the operation of the choice mechanism of theConstraints (4.8) and (4.9) reflect 

model. According to the two constraints, the shadow price associated with each 

of importing and thesectoral product must be less than or equal to both the unit cost 

Clearly. the shadow price will be determined byunit cost of producing the product. 

the lower of the two bounds, and the single activity which provides the output at mini

to the programming run. For the mum cost'will be included in the optimal solution 

activity, the shadow price of the product just equals the corresponding cost;included 


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 complicated when the simplifying 

hold. If, for some activityconditions leading to constraints (4.8) and (4.9) do not 
trM will assumej AM,ia primal constraint ofgroup P-2 is active, then the shadow price / 

a positive value attributable to the upper bound placed on the levI ait which activity 

J can be operated. pr:mcan be interpreted as the 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 pjrM allows the shadow price of the output of 

activity j to exceed the corresponding cost of domestic production. Because of the 

upper bound on production activity j, the marginal demand for the corresponding 

sectoral output i must be satisfied by the alternative-less efficient-importing acti

vity, whose unit. cost determines the shadow price pi. Thus pjYM measures the extra 

unit cost incurred when the (marginal) output from activity j must be provided by an 

activity more costly than the domestic production activityj. 

If. for some sector i EMM, a primal constraint of group P-3 is active, then the 
i thatshadow price pMl will assume a positive value attributable to the r, quirement 

a fraction of the sectoral output be imported rather than produtcd domestically. 

piM 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 P-3 can be binding 

only if the cost of importing the corresponding product, exceeds the cost of domestic 
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iroduction, for there would otherwise Ie no peniay in having to import. From
 

price pi of tie seetoral
consinritits (4.6) and (4.7) it can be deduced that the shadow 


(output would he between the (lower) cost of domnestic pid(ction and the (higher)
 

cost. of iml1orting. In particular. p"f Ieasures the extra ,ost of Iniporting vis-a-vis 

domestic production, and tile import fraction pi-m tlt ipliied by p-."-(determiiles the 

extent by which tile shadow price pi exceeds the domiest ic cot of' product ion of' sector 

i products. 

Up to tIhis por t. we have assuned a one-to-one correspoIld lce betw(,en sectors 

he expressed in termsand activities, so that the left-hand side of cmstraint (4.7) could 

of shadow prices associated with a single sector (and activity ,)). In cases of joint 

production2 0 - , the single activity i produces output belonging to several sectors i; 

to eaca of these sectors there correspond a nonzero uij value, whose cohlnin sum 

equals unity. Iii 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 aetivity i: neglecting 

the second and third ternhs 2 t . the constraint requires tliat this stun doe, no, exceed the
 

corresponding unit cost of domestic production. In general-because of the fixe(i output
 

proportions-it is likely that for only one of the joint products will demand be mat ched 

exactly by loniestie supply; and the shadow price pi of this product alone will equal 

the unit cost. of domestic production. For the remaining joint products. the shadow 

prices pi will be equal either to zero (when domestic supply exceeds the demand) or 

-- vii constraint (4.6)-to the unit cost of importing (when domestic supply falls short of
 

the demand). Ili eases of alternative techniques of production,"- no .e.interpretation
 

, ; 7, w um ld he called for. qince t' t each a litivit ,/ 'prodeilw,_ h, .... ral

of com st ,, 


output. i there woul I, ;t ingle coefticit'nt u i with a value of unit.y . 'i differ

ence this would make to the , ' ion 'if the model , that fhe scope for choice among
 

I ... , 1- ;hidow price P would of course
alternative suhlly activities wouhld 


'd by the eh,.m; , ,, .llrce of supply t, -- ,%;I: tr)d'mets.
still be d(eterini 

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
 

2 3
 on the present and future structure of the Indian economy.

Given the 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
 
(optimal) solutions for 1975. The key parameters include
 
the following:
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(I) tho raio of growl I, of oxport.s fron 1965 to 1975; (2) 1.ho ant icipated lovels of a sub

set, of no1-cone1itive import cooflivivitis (/jhj, aid ,:) whtich itight, reasonably hI 
oxI)Octed to decline by 1975; (3) the ilargetted rate of growth of aggregate 0onsump

tion from 1965 to 1975; (4) the ratio of the weight s (OM/OL) given to foreign and domestic 

costs in the objective function to be minimized. 

''able 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 noncoml)etitive imports. In group A, the rate of"growth of 

exports was set equal to 5 perknt per year, with an appropriate sectorwise breakdown, 

and the values of the relevant non-competitive import coefficients (applying mainly 

to machinery and part, it ports) were assumed to fall to one half of their levels during 

the Third Plan period.2 4 In group B, the rate of growth of exports waz. raised to 7 per 

cent per year; and in group C, the non-competitive import coefficients were lowered 

to one third of their Third Plan levels. 

TABLE 6. IDENTIFICATION OF ALTERNATIVE CASES 

rate of growth rate of growth noncompetitive 
case of consumption of exports import 

(percentage) (percentage) coefficients* 

A-I 7.5 5.0 

A.2 6.0 5.0 

A-3 4.6 5.0 

B.1 7.5 7.0
 

B-2 6.0 7.0 "
 

B.3 4.5 7.0
 

C-I 7.5 5.0 

C.2 6.0 5.0 

C-3 4.5 5.0 1 

*1975 values as compared with 1960.values, for a subset of noncompet.;tive 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 4.5 per cent respectively. From the corre-pon(ling aggregate consumption levels 

in 1975, related sets of values were derived for the final consumption deniand, and 

also for the associated exogenous sector demands on both current and capital account, 

for the out put of each individual sector. Finally, alternative solutions were generated 

in every casc by varVing the ratio of weights on foreign and domestic costs in the 

minimand fromt 4.75 to infinity. Each weight ratio corresponds to an effective rate 

of exchange (tetweenrupees and dollars. When the ratio is equal to 4.75, it, is assumed 

that, the oflicial exchange rate measures the 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 exchange costs alone enter 

ino the rminimand.25 

http:rminimand.25
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A similr qizalita We patterin of choice characterized eelih Set of soilui ions iiuder 
tile various ISSu'tllltiOlIS colisidlered. In tile solutiois for whieh tile weight ratio 

" O f10 was set equal to -1.75, there were-ini addition to essential in )iompetitive IIn

ports-also Competitive imports ill approximately 30 of the eiidogeno;us sectors, 
These 	se(tors consisted mainly of modern engineering ijidlistri.: hut icii'ided also 
some basf inetils atid liea\vy heniicals4; tiy are listed in Table , 26 lOr tile reulai)ii),_ 
iuil11red-odl plrodu(iei sectors-of which about, 8 ) ficed competitive iniporlt 

domesti production was elivi per than import iug at the pre-devahlut ion exehia uge r.t,
and was liewee preferred for every run of the model. i eigltrs1e i',110 w'S i. 

It) reflect ,ini ilicreasu,. p'e ltlim oil foreign1 exehatn;.ze. there N,as a progressivye sntsti
rution of lomest ic prodhl tion activities for eompetitive imports. The sectors involved 
ire listed in Table 7 in the order in which the substitution took place under tlie initial 
set of basic assutimptiois. This ordering was relativelN insensitive to the alternative 

asmltlpl1.t ats ,'asid.red Filnally, in all -t* th" poia r (tl ionus folr whi1h foreigni 
excliani, costs alone were milimized. lie model predietallkv rephlaed Al ciiompetitive 
imptorts Nwith done ict,produntion activities aniid thereby reduced the ii purl' bill to tile 
miinirnum of essential noncompetitive imports 27 

TIAB.E 7. IM') iI" SIT1STII'TION IIY SECTOR 

1. 	 ,d,,1, soot r st.ii'. ocdo ri)" 

I :;S hi, , -ervieo mttrq I 7. 731 r,.fri;eriatri; 
2. 	 i1 I MIL 'IhM, toili Is. 711 thennal turh'g erti, or 
3. 1t32 p , lit s 19. 544 zinc
 
.I. 62.1 agriol tural m iniierv 20. 512 co~ppr
 

1 
1;1 :.:1 dmel ongi s 22. 54 t alurirtim 

5. 	 6i2 oilers 21. .532 ferr,'...ilicon 

7 	 7:t watr onlers 122:: goit ati 
' ,. 	 1601)cruido ,)i 2.1. S 2 railwvy cachiu ,wk 

91. 	 122 mimig ma'hinrv 2,. 543 lend 
Ai SI0-1 26. t mlid522 W1101e 	 112:1 i~'c.~' 

11. In2:f lltig 
i~~m 

27. 4121 sulpl h a oivid1'.1 1!;67 t-,1 lival oqu ml t 2.S ti115 .'h,,lilval pulp 

13. ,s21I ra lwity wngons '2il 4 23 ct aw~l;...,)ie 
1 t. 6+23 ,drillhng machiaor.% S013 ol,,At rio lovolliol \v,,4 

15 712 it ,dro turiui-g,,n ralr. .8 1 ,12 iestl lomttlive 
16. 7:12 air vomlilitmoiun'rs 32. .t) ball boarig, 

Il the stilt, i obtained v miniimizing forei,_,i ,.xchiaige costs alone, the 
shalov price, fo each etvtoral distribut iin (.inst raiit relct siInply fHe (minimal) 
fl)reign exchang, t.telil ofa Iit of ni put from tilt, corresponding doimiestic produc
lion activit, . r ,ach sector tlie ratio of lie shadow price to the alternative import 
price th(ll 'repr'sells foreign exclhange content, of done: tic productione tile relative 
vis-a-vis im porti ietivities. The higihier thiis tatio, tile lower the let saviiig of foeign 
oxehian 2,91gorde( I"by import sul istit ution. Tn Table 8, 41 elidogenons production 
act iviti.,_ 0',' listed in the order of their relative forvigin exchange content in 1975, 
as calculatedt froi til shadow )rices Ot in import-mliimiing solution llunder' the 
initial st ot lasi, a.sumlptiolis. Thre is liaturallv a fairly close i lrrespondence 
lbetweei i,e rikuk )r'de'rilics inlTables 7 al S • ,,sect 1's lnlta fIlie top 1fatiit, S are. found 
close to he bilt toni lfTo hle 7. The s(euvntial order of imlport suhstittiil preseented 
inl Talble 7 deetlds both Oi tilie relative fol'in excI.hanlg1 oiitetits shown ii Table S 
aid oii the total donit i it' eSOl(' ('oittitll )f each I)rt(d.ti+lo. tietivit ,v. Secto'a l 
diflcreies il the, latter acecount, for the differences in tht- orderiji' of tilt, two tableS : 
the, higheur the rupeo itfet, of1 domestic lirod(ntio activit., the later it will substi

tilf For imports as tlie premium on foreign exliamige is inreased. 

http:exehatn;.ze
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TABLE 8. RELATIVE FOREIGN EXCHANGE CONTENT OF 
DOMESTIC PRODUCTION ACTIVITIES 

al.no. code activity groups groupA,B 
C 

1. 610 IallIvtriltgs 
 95.8 81.4 
2. ,412 di , ,1 , 
 81-A 7:22:1. 421 sulplttrim avid 81.8 77.7 
-1. 42:1 tL.uwstit,s,,tl 
 79.1 6S.1) 

4.1. I) ChMical JlS 
 7 7-. 64.1 
SiI:;' electric [ocomoto,t\,t 72..,; 63. -t 

7. 83 t otCycIoS tt14 8cout.fss:;:i 
5S.03 50.60

8. 711 thermal t rtbo.golloru torf .53.4, 4.1. 6 
1). .541 talitnittniil .~ . 3541,. ILj11,lt11III. 712 ]iv{|rt, l * 'nel'ultti'M 

.t 7til t .52, , I I.l 
1. 532 ft'rveo-tilic't 4.1i 13.5 

12 443 syntheti,) rubb,.r 47.1 3S. 

1:. N22 railway ,.aching stock 46.5 -10. 1
14. 522 -peeial steel 46. 1 13. 1 
15. 623 drilling mauhiory 46.0 "39 216. 613 tisol ongintvs 45.6 t11.5 

17 422 NwIl j,- 4.1.3 1.2 
18. 732 air condititrter, 42.9 37.9 
19. 731 rofrigerators .12.1) :17. S
20. 637 ehomical oquipmont 42. LI 37.8 

21. 711 transformer.s 41.3 :38.5 
2"2. .124 other inorgai chomiista 41.1 3.5. 9
23. 1114 wumps 40.S 35.7
2 . 112 phosphati fotibizter, 39.3 :37.9 

25. 22 Kitning nmachinory 39.5 33. 2
26. 4.12 plastics 39.4 32.3 
27. 1:17 other n:,wtnntalli, mineals 3s.2 32. I
28. 671) other ntehantital ongii,,orimg 36.3 30.6 

29. 144 synthttic fibros 30.3 30.0 
30. 754) tther valetrical ctgiztecrinig 33.6 30.0 

t12
61. toilrs 33.5 28.5
32. 430 organict'he ial.s 28.533.3 

11W13. tnhino tools 3:1.2 28.2,i.I. 821 railwgy A-agons :12.) 28.6 
35. 662 typowriters 32.5 27.7
16. 733 %attlr coolors :12. 1 27.S 

,17. 617 material hantllijig qUipalntt 831. 1 211. 
3s. 720 tabhos,wvirvi and fl,,s 31 .- 26.9
31). 382 nowsprint 31.4 26.9 
40. 62.1 agricultural nmehinery 31.3 27.3
41. 832 conmnercial vohicles 30.8 26.7 

http:8cout.fs


-28-


The nature of the alternative solutions to the pro

gramning 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 Vk
 

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 i-ports 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. 2 9
 

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) gross savings (S) and gross national product (Y) can
 

easily be calculated by means of the usual national income
 

identities. 31
 

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
 

http:products.29
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combinations of internal and external resources is drawn on 
32 

the 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 isoqiuants of an 

aggregative fiiction relating the rate of"grotlhi' c onsumption to the inputs of savings 

and foreign capital. Additional isoquants if the same kind couhl be interpolated 

to represent different con.umption targets. The left-hand end of the continuous lart 

of each contour corresponds to the solution inwhich the weight ratio in the minimnand 

conforms to the official pre-devaluation ratte, while the right-hand end corresponds to 

the solution inwhiv.h all the weight isplaced on foreign exchange. The contours could 

also be extenidd further to) the left tas indicated by the broken lines), where they would 

correspond 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 imjports that takes place as the 

premium on foreign 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 assumptions considered. Up to an effective 

exchange rate of about twice the official pre-devaluation rate, tie isoquants are almost 

straight linvs33 and are also reasonably parallel as between eases. Thus for a wide 

range of coinlinations 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 domiestic savings. 

'he marginal rate of substitution between savings and foreign exchange 

increases rapidl' as tite 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 scol, for import s;ubstitution, and the isoquants become straight, lines parallel 

to the savings axis at a level representing the mitimum net inflow 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 thir( dtifferent constimption isoquants divides the range of values where there are 

substit ut il possibilities (to the left) fron 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 maxinium amnount of savings that (can be translated into productive invest

ment. and Ience also the maxinium sustainable rate of growth of consumption. cor

responding to a- given net inflow of foreign capital. (onversely. the cut-off line can 

Ile 1sei to evalate the miininii lvel of net foreign capital inflow consistent with 

any given rato of growth of consumption. 

Under the initial set of basic assumlptions, the maximum rate of growth of 

consumption that (canbe sustained without any net capital inflow appears from Figure 

This would call for gross savings ofI-A to be approximately 5.5 per cent. per year. 
centabout, 50 billion rupees in 1975, representing an average rate of saving of 15 per 
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ill 1975, and an implied marginal rate of saving between 1965 and 1975 of close to 19 
per cont. To achieve a targetted rate of growth of consumption of 7.5 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
in 1975. wi(1 implies al anverage rate of' 18 and a marginal rate of 23. per cent. 
.\lteriativ', strategies with less e' h lsis, il p, 't suhstitution woulil allow tie same 

I,0lsn1111t lon tarnLets to Ie achieced with lower rate.s of saving andi ihighcr levels of 
foreign capital infloiw. 

To study the effect of changing the underlying assumptions about exports and 
noncompetitive oimports, it is helpful to superimpose the isoquaits of Figures I-B and 
I-C on those of Figure I-A; the result is shown ill Figure 2 As compared with the 
initial set of ;,ssuinptions .A. it will be observed that the morT uptimistik. export projee
tions of' B, or the lower values for noncompetitive import coefficients of' (', have the 
ellect of (siu'iig the isoquants downward. Thus they allow the same consumption 
targets to be satislied with less savings and/or less foreign capital i low, and they
allow highel consumption levels to be attaiied with any giveii combination of internal 
anmd external resources. F'thermore, the isoquants-an(l hence tlie ltcu-off lines 
under B and C'are also shifted to the right, relative to their positioii under -I. This 

mneans that, a greater anilUOunt of savings can be translated iuto Ii'otlCttiV investnimenit 
flr any given level of net, foreign capital inflow. 

At a zero trade deficit, either the higher export projections or the lower non
cornpetitive imiport coefficients allow for a maximuni (productive) hvel of'gross savings
in 1975 of approximnately 6.5 billion rupees, 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 permnit, an increase of' I per cent, in the 
rate of growth of consumption without any additional foreign capital inflow. The 
corresponding average and marginal savings rates are 18 per cent and 2:3per cent, 
respectively, representing increases of 3 per cent and 4 per cent over the requirements
of the initial case. These differences serve to emphasize the critical importance of the 
basic assumptions underlying each particular solution to the programming model. 

6.(o S1ONrO 

It may he useful, in conclusion, to compare the qualitative natu'i:,, of the macro
ecoiiomic i'sUlts that emierge from the mnlt isectoral model of this study with the results 
obtained from aggrcgate models of a similar kind. (lunery and Bruno (1962),
McKinnon ( 1964), and Chenery and Strout (1966) have worked with aggregate models 
emphasizing the two indelpen(ent constraints oil growth imposed hy savings, on the 
oiie hand, and 1) foreign exeliange, on Ihe other. The savings constraint is a familiar 
0111-e: aSSling a constant imcrementll capital-output ratio, the rate of' growth of 
an econoniy is limited by the rate of investment which is equal to the sum of domestic 
savings and foreign savings (net capital inflow). 
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The pheiionieiiit o!'aln indopwiedent foreign exhvuliae conistin'iit has been nmore 
reecnl ly st IIssed il comeet ion with the inlustirialization of underdeveloped economies. 34 
When exports are liinited exogenously (e.g.. by stagnant world demand), and when 
noncompetitive imports are required in 1i xed proport ols for doilestic production and/or 
1Il,'titilt (here Is ahtiys a point beyomd which potential domestic savings cannot 
he, put to us. and t growth of domest i( outiput eannot be increased, for lack of foreign 
,Xehainge to pUr,-l.se speeific complemeutai N imports. At this point, a higher growth 
ritte can be attained oilyv bY working hreet-ly on the foreign exchange constraint
bv increasing ,xprls. reducing noncompelt ive imports, or receiving additional 
foreign aid (Jot 'tpital inflow). 

Thie ul l',ti,,] of a simple aggregativ'e model embodying these two constraints
 
could also be ptortrayed il the form of the graphs in Figures I-ABC. With a single
 
aggregate ctil.)ititl-ttiitmlpt ratio, and a single aggregate ratio of imports to total output,
 

the result would be consumption isoquant consisting cf two straight lines meeting at 
it cut.off line ()title *Simickind as shown i lte tigures. ro the right of the cut-off 
line, the isoquaitts 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 
ill raising consumption possibilities. To the left, the isoquants woul 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
ciiisttiiies, foreign capital inflow playe. only the role of foreign savings, the slope of 

'helines would bc 45 degrees in the case of output isoquants. In the vase of consump
ion isoquant.s of the kind shown in Figures I-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
seetiral model of' this study--involving a wide range of substitution possibilities 
between domestic production and imports--show a relatively 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 possibilities for import substution have been exhausted. in the process, 
the overall import-output ratio in the economy gets depressed to a minimum level 
well below its base year value, and the overall eai)ital-output ratio rises above what 
it. would have been with less import substitution Thus the rigid implications of the 
;'',p re"Lwtive model tr( tempered by the introduction of choice anmong linear acti-

Ities [,i the set'ctoral level. 

http:pUr,-l.se
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The clement of choice ill the programming model is brought into play by
variation of the effective rate of exchange between the rupee and the dollar. The 
resulting re-allocation of domestic and foreign resources is reflected h\ changes in the 
values of the aggregate capital-output and import-output ratios. Table 9, present,36
 
the alt v'II. vo \aItt's JlhI I st, rat ios iI pl Iby hItorl IoItIl c ll 4r:1m i'.Io'iit tI 
ining niodel. A, B and ( repre ilt, O.it ofOl'et, the thre t,ts tt 11. h|t.Imo .%,iO1o'illt 
exports and noncompetitive imports; ,7denotes the target ted ratte ot gt i) tI of t',111stly
tion; and JMittL is the effective rate of exchange (the rupee price of the dollar). It 
is clear from i he table that the values oft the two ratios vary not only with (.I/ )L, but 
also siUlliticalitly with y and-in the case of the import ratio--with the alternative 
V.sumptioiis A, B and C. 

TABLE 9 . AGGREUATE COEFFICIENTS 

incremental (apital import.output ratio 

output ratzj 1965.1975 1975" (percent 

t .11,'Of. A B C 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
 

7.5 7.50 2.12 2 11 2 13 4.87 4.94 4 27 

percent 10.00 2 13 2.12 2.15 4.7S 4.86 4.14
15.00 2.18 2 18 2.21 4.51 4.57 : 5 

00 2.25 2 26 2.28 4.41 4.46 3.73 

4.75 2.19 2.1S 2.19 5.34 5.19 4.S7 
6.00 2.2:3 2.22 2.24 4.82 4.94 4.25 

6.0 7.50 2.211 2.26 2.27 4.50 4.62 3. 96 
plorcont 10. 00 272 2.27 2.29 4.44 4.56i 3.90 

15.00 2.32 2.32 2.35 4.23 4.32 3.61 
10 2.39 2.39 2.41 4.13 4.25 3.52 

4.7.*, 2 50 2.47 2 .IS 4.07 4.82 4.1, 
6.1t) 2.53 2. 5 2.54 4.23 4.34 3.70 

.4.5 7.50 2.54 2 52 2 55 4.18 4.30 3.67 
poret il 10.)0 2.56 2.53 2.56 4.08 2. 27 3 56 

15.00 2.59 2 5S 2.62 3.96 4 07 3.37 
00 2.60 2.64 2.67 3.89 3.97 3.28 

0106 value 7.06 
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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 economy 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 resppcts, 
a greater 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 adjust
 
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 deLend 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 to the Project for Quantitative
 
Research in Economic Development for supporting his continu
ed research on interindustry programming models.
 

1 For a more extensive published report, see Weisskopf (1967)
 

2 Five other studies have centered around the application of
 
linear programing models to the Indian economy. Sandee's 
(1960) sii.gle-period planning model is based upon a 13-sector
 
classification; Chakravarty and Lefeber (1965), as well as
 
Eckaus and Parikh (1968), distinguish 11 sectors in their
 
multi-period models; Manne 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-sector interindustry classi
fication of the Indian economy: see Manne and Rudra (1965) 
Sabherwal, Saluja 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,
 
is described in Manne and Weisskopf (1968). Because of the
 
size limitations on currently available computer programs, it
 
was necessary to aggregate the sectors up to a 30-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 availability 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 exogenously.
 

6 These sectors include primarily the residual sectors defined
 
earlier 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 All. variables without a Lime super-script are understood
 
to apply to the single target year of the model.
 

9 Barred variables denote predetermined constants. 

10The 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 
 * in the pro
portion that new capacity is 
likely to be under- J utilized.
 

11 See 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).
 

1 2For 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 nf

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 production activities.
 

16Strictly 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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1 8For 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).
 

1 9The 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.
 

2 0only 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).
 

2 1These two terms do not apply to the single case of joint
 
production noted in footnote 20.
 

2 2No cases of alternative techniques of domestic production
 

were included in the final empirical application of the model
 
(see the discussion in Section 2).
 

2 3 The sources and methodology used to compile the required
 
data are described in the Appendix of Weisskopf (1967).
 

2 4 To the extent that noncompetitive import coefficients are
 

reduced in any given case, the corresponding coefficients for
 
inputs of domestically produced goods are increased.
 

2 5 Since 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.
 

2 6 Because 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.
 

2 7 It 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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2 8The 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 miscellaneouq

agricultural 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 inflow 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
 
infj.o\ 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.
 

32Because they actually represent a series of discrete steps,

these lines should not really be continuous but piece-wise

linear.
 

3 3The 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.
 

36The 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 values

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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37As 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.
 

38 1am indebted to S. Chakravarty for emphasizing this point.
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