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PREFACE
 

Scholarly books cn economic development as well as the programs 

propared by planning commissions fraquently begin with admonizions that th 

devolopment process is an intrtcnte interaction of many econonic, political
 

and cultural factors Scholars then proceed by .iirpli.fying assuption; to 

devalop both general theorios of the growth proces:; and ,?xplaintins of 

particular aspects.. Practical planners also :;irrplify the development 'rc+;,: 

in makin2 their plans for they, no mcro than aca'iric ,cholars~lFully :n:Ia 

stand the p-ocess or aza successful in iztapratinp theiv rar;tial and inc:u2 

plate insights, It is true that actual econoric plans oftwn troat man" 

aspects of development and con:ain a g.reat amount of detni. V',e:so, sp,,1 

plans aro, for the most pa't collections o separnr. p.,op.mrs vhw; roa] 

interactions ara not fully worked outud taen into ac.,unt in tW' r:Mi,,: 

of" policy Th inadequaclis nf the plining vm:h ds which ar," prFtcticcd 

ara only p(artly duo to ths limitatiJn.s of th. de'ilop n;L tor.,.s whic! 

are available znnd iost (ldVeOlopo;:t plans could Up impvad y a : o ,:n 

-. ant1 c of h' - ,M:,v , the du '.vIC!Asteoi: in,::;ive appl i=Wn thrSO 

.en' of hiph sped r r po to]v': r,md; iatoi.t ih!l t'thori:; 

er"
effectively An nwrunens of the Rap bwo'in the prucric K conoic 

p13ani:g andi the; potentially evailabIn co:; who payt o 'he ,.soyatio 

of th projact ;hich lud to thinJ mon:pir.qph 

The cpntral :, of 11 devo'opmen,. olicyisc. ov:ca a& d pr ,wth theory 

urn the nct.. iliza:jon and c-ptirur. use of resource: Thusa isnuCs wro 

analyzed hWrE by mans of linear programminp, Wrld]. in ,.hich intorsectcral 

and intortanporl rulaticn,;hips arc made explicit These modol. ma1y he 

co)1:sidfral :s .xtnsions nnd aroli'catic,s of the m th.orienIlti-se,::toral 
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of capital accumulation and growth and the one or two-sector models which 

are now current in growth theory,. The models are elaborated in several 

versions. Each solution of the models, in maximizing the value of the 

objective function and meeting all the production Tid behavioral constraints 

which are imposed,detornines all the nocessary resource allocations including 

intorsectoral flows and capital formation., The sensitivity of the results 

t.o errors in estimation and alternative policies are invostipated by means 

of successive solutions with different values of parameters and exogenous 

quantities
 

The models remain highly abstracted versions of a real economy in 

part because we have not exploited all the potential of modern growth theory 

and in part becausle that theory is still far from being realistic, Hany of 

the complexities of economic growth such as extoxmil econoinies, chanes in 

foreign trPde spacialization and induced innovation are still not effectively 

embodied in growth theory, Purthernorte the information and cojiutation which 

would be required to imiploment much of the theoyy place It beyond the possi­

bility of immdiate uso, But there are aspects and versions of growth theory 

whoso information requirUmen'Cs are hardly greater than thos; of tho planning 

methods now being used,, The computational 'equirement,; ar great but still 

within the feasible rango of hiph sp-od, digital computers-

W1hille we 1'rove tried to construct a bridge between some areas of 

economic theory and economic policy we have not attempted to be either as 

comprehensive or as specific as required by the real tasks of planning, 

Ile believe. howavor that even a modest version of the type of analysis 

presonted can add important insights for economic policy beyond what has 

been available while not subtracting from.whatever wisdom can be brought 
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to bear from other sources, Moreover, in concrete applicntimse.f, models
 

can be both extended and made more specific depending on the information 

available, the detail desirod and the computational capacity available, 

The project on which this monograph is based provides, wie believe, 

an example of the principle of critical minimum effort which operates iTn 

economic research organization as in physics and economic development, 

That critical minimum in this case was the support of several organizations 

and a large number of people for various periods,, The project had its 

origins in the winter of 196162 in the individual and cooperative research 

of N. Andreatta, RoS. Eckaus and 11, Sevaldson, then members of the India 

Project of the Center for International Studies, and S. Chakravarty, who 

had previously been a Research Associate of the Contort and was a consultant 

to the group, In this initial stage the adcquacy of existing and potential 

sources o'f empirical information v~as established and n0te-rn-ativo theoretic1 

model strtictures wero described, Dr, Ashish Chakravarti, then of the Indian 

Statistical institute: gave invaluable advice on empirical problems in this 

early phase., Work on he proioct con-*inued in 1962-63 both lin New Delhi and 

in Cambridge,, iass In India ,lames Mirrlecs :.nd Pa;- Sevaldson continued 

efforts to irmprove the empirica' information and Sevaldson; propared a parer 

describing a linor pro :rarming nodcl, In Canibrid ,o Kirit Parikh assumed 

complete responsibility for computations and participated with RS,. Eckaus 

and Louis Lofeber, who joined the project, in data preparation and model 

formula'tion. In J963-64 S, Chakravarty, who was then visitinp the M..I,T,. 

Departnent of Economics, resumed his association with the project, By the
 

end of the 1963-64 academic year whon ChakravaTty and Lofebor loft Cambridge 

most of the computations on the short-term Targtr and Transit Models for 
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cooperative in providing computation facilities. 
Of course none of these
 

organizations bears any responsibility for the analysis and opinions ex..
 

pressed here.
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CHAPTER 1 

INTRODUCTION 

A beggar to the graveyard hied 
And there 'Friend corpse, arise,' he cried; 
'One moment lift my heavy weight 
Of poverty; for I of late 
Grow weary, and desire instead
 
Your comfort: you are good and dead.'
 
The corpse was silent. lie was sure 
'Twas better to be dead than poor. 

-- The Panchatantra 
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1.1 Planning Models -- analytical tools 

Economic policy requires a variety of analytical tools depending 

on the nature of the problems and the policy instruments which can be 

brought to bear. The purpose of this book is to describe several linear
 

programming models for inter-temporal and inter-sectoral allocation of
 

scarce resources and their application to development planning in India.
 

Linear programming models of capital accumulation and inter­

sectoral resource allocation have become familiar tools of theoretical
 
21 

analysis and have had a considerable amount of practical application.
 

The models presented below are analytical innovations only to the extent
 

that they are structured to the requirements of development planning and 

the availability of data for a specific country, At best these models 

deal with only a few of the many issues involved in making economic policy.
 

Moreover, the models are not finished products in the sense that they are
 

ready to start producing complete development plans. This monograph
 

should be considered as a report on a pilot project intended to demonstrate
 

both the potentialities and the limitations of the method, In addition,
 

1 Since other bibliographies of linear programming are available and its
 
intellectual origins are well known (see G.B. Dantzig, Linear Programming
 
and Extensions, Rand Corporation, August, 1963) we need only record our
 
most immediate inspiration which has been R. Dorfman, P.A. Samuelson and
 
R. Solow, Linear Programming and Economic Analysis. The models used are
 
generalizations of that presented in RoSe Eckaus and L. Lefeber, ",Capital
 
Formation: A Tleoratical and Empirical Analysis," Review of Economics and
 
Statistics, XLIV, May 1962, pp,. 113-122, but have been modified in many
 
particulars by S. Chakravarty, L. Lefeber, and the authors and have benefited
 
from the suggestions of others.
 

2 See, for example: 11oBo Chenery and K.S, Kretchmer, "Resource Allocation
 
for Economic Development," Hconometrica, October 1956 and other articles by 
Chenery; J. Sandee, A Long Term Planning Model for India, Calcutta, 1960 
and M. Bruno, Interdependence, Resources Use and Structural Change in 
Israel, Jerusalem, 1962o
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we believe the analysis generates some new insights into the Indian
 

economy.
 

Planning models as analytical tools provide methods of exercising
 

foresight and making rational policies. In themselves the models do not
 

imply any particular ideological outlook nor a commitment to a particular
 

program of implementation. Their use is consistent with either considerable
 

centralization or decentralization of decision-making and any mix of direct
 

and indirect means of influencing production° Having an economic policy is
 

inevitable and it would appear to be desirable to improve all types of
 

analytical tools which might help in forming policy. The models presented
 

here need no more justification than this.
 

In this chapter we shall first present a short description of the
 

methods of Indian economic planning in order to provide a background for
 

the subsequent application of the models. A review of the strengths and
 

weaknesses of the models could perhaps best be left to the end of the book
 

when they can be better appreciated, However, a brief synopsis of the
 

approach will provide a frame of reference for what follows and forewarnings
 

of pitfalls which must be avoided in using the models.
 

1.2 	 A Reconnaissance of Planning Techniques in Irdia
 

The accomplishments of the Indian economy since independence in the
 

face of an extraordinary number of all but overwhelming difficulties are
 

remarkable in themselves and especially so in comparison with pro-independence 

conditions0 India became independent in August, 1947. The First Five Year 

Plan of economic development was started in 1950-51 and was followed by the 

Second Pive Year Plan in 1956-57 and the Third Five Year Plan in 1961-62. 
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This sustained effort toward economic development through consent rather 

than coercion is a tribute to the determination of the Indian political 

'he achievements of this effort haveleadership and the Indian people. 


Here we shall concentrate 

have been used,. 

been amply recorded as have been the failures. 1 

on describing the techniques of planning which 

In the formation of economic policy in India a comprehensive set 

of social and economic goals have been articulated. These include immediate 

alleviation of poverty to some degree and achievement of a rate of growth 

which will provide for a substantially improved standard of living in the 

future° An increase in employment opportunities is regarded not only as 

a means of achieving these goals but also as an end in itself as is a less 

disparate distribution of income and greater equality of social and economic 

facilitiesopportunities. Improved education, medical and other welfare 

are also proposed in the Plans. These and other goals are to be achieved 

in the context of a free and socialist economy in which there will be a
 

substantial role for privato enterprise,
 

The Indian Plans, which are widely regarded as among the most 

sophisticated of the loss developed areas, have provided the general frame­

work for the evolution of the Indian economy. Internally they provide the 

output and investment targets on the basis of which investment and import 

licenses are granted to the private sector and new projects are started 

in the public sector. The national and the state plans are prepared at 

the same time and efforts are made to coordinate them Externally the 

Plans have served as the basis for negotiation of foreign assistance,
 

1 H.go, JoPo Lewis, Quiet Crisis in India.
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While the Plans may be better regarded as statements of intent rather
 

than rigid blueprints, they are the backbone of government economic policy. 

Plan was, for the most part, a rather hastily organizedThe First 

were objectprogram of governmant projects, The Second and Third Plans the 

is the case with the prospective Fourthof more intense -preparation as 

cannot be entirely clear toPlan. The processes which generate the Plans 

the Plans themselves for our simmiw.zationoutsiders and we shall draw on 

of techniques, The macroeconomic model of the Plan is described most 

clearly in the Second Five Year Plan document, It is a model of growth 

generated by capital accumulation based on domestic saving and foreign
 

The sources of domestic saving in the household, business and
capital. 


government sectors are analyzed separately in the more complete formula­
1 

tions. 

The strength of the Indian Plans is in their abundant detail of
 

specific government sectors projects. These make up, in space allotted, 

by far the largest part of the Third Plan document. In addition, targets 

are set for sectors which are predominantly in private hands though for 

these sectors less detail is provided.= However, careful p]ans are made
 

for a wide variety of government activities designed to assist, stimulate
 

For example, there are extensive programs
or regulate private enterprise. 


of government activity in agriculture and in establishing industrial centers.
 

1 The aggregate analyses implicit in the Third Plan are set out in IoMODo
 

Little, "Tax P'olicy and the Third Plan," in Pricing and Fiscal Policies,
 
P.N. Rosenstein-Rodnn, ed,, Cambridge, 1964 and in S, Chakravarty, "The 

and P.. Rosenstein-
Mathematical Framework of the Third Five Year Plan," 
Year Plan of India,"Rodan, "Alternative Numorical Models of the Third Five 

and Economic PeN. Rosenstein-Rodan. od.,P.evelopment,in Capital Formation 

Cambridge, 1964,
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The sectoral targets are set by experts of the relevant economic 

ministries, the Planning Commission and Finance Ministry. These experts 

meet in inter-agency committees which overlap and pyramid in order to take 

sectoral interrelationships and aggregate objectives and limitations into 

account. These committees can bring a groat deal of practical experience 

to bear on the problems of expanding capacity and output in each sector and 

in integrating the sectoral plans. The guidelines provided the committees 

appear to be based on comparative statics analysis of commodity balances
 

and macroeconomic balances.
 

In working out the commodity balances the goals of the Plans are 

specified for the final Plan year. The projected supplies and demands of 

the major commodities for the final Plan year are brought into equality 

in an attempt to insure overall consistency. This balancing is most 
1
 

prominent in a preliminary analysis made for the Fourth Plan. Demands
 

are projected for private and government consumption, exports and domestic 

industrial requirements, The latter are calculated by means of "consumption 

norms" which, like the input-output ratios of inter-industry matrices, 

relate current input requirements to soctoral output levels. Supplies 

are computed based on existing capacity, imports and new investment which 

is converted into capacity estimates by means of capital-output ratios, 

Where there has been detailed advance planning for particular sectors such 

as steel production, investment requirements appear to be based on project
 

plans0 In the Pourth Plan preliminary analysis different capital-output
 

coefficients have been used for new units and the expansion of existing
 

1 Perspective Planning Division, Planning Commission, Notes on Perspective
 
of Development, India: 1960-76 New Delhi, April, 1964,
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units, In some sectors, such as agriculture and serviceso output has been
 

projected by extrapolations for which no detailed explanations are avail­

able. Time trend extrapolation may also have been used for some components
 

both in the sectoral and aggregate calculations.
 

The pittemns of the Indian economy are still evolving, but it seems
 

from the first three Five Year Plan periods that a 'mixed economy' is
 

rail transport and electric power have
emerging. Some sectors such as 


been entirely reserved for public enterprise and in other sectors, such as
 

steel, coal and heavy machinery, public and private enterprise co-exist,
 

The Indian government has attempted to guide the private sector by means
 

of a variety of direct and indirect controls. Direct controls on investment
 

some sectors
and import licensing are pervasive, Output controls exist in 


There are also controls
and are supplemented by extensive price controls. 


on the use of certain commodities in production, An extensive range of
 

government activities from community development to government research
 

In addition
laboratories provide assistance and leadership to the economy,. 


to its veto and control powers, the government through the purchases 
and
 

sales of its public enterprises creates incentives for private enterprise
 

to pursue the goals of the Plans. Private enterprise has not been forced
 

where it does not want to go, however, and it has substantial freedom in
 

The vigorous private entrepreneurship
the control of day-to.-day activity., 


evident in India is eloquent testimony to the opportunities which exist
 

for the private sector.
 

The demands of private consumers are not controlled directly and
 

both the public and private sectors respond to these private market
 

Consumer demands create a set of incentives which
generated stimuli, 


are not necessarily consistent with those required to achieve the targets
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established in the Plans. However9 both fiscal and monetary policy have
 

been used extensively in attempts to bring privately generated demands
 

into consistency with Plan objectives. This is seen in the relatively
 

high marginal savings rates, achieved to a large extent through continuing
 

increases in the s,:ope and level of indirect taxes. These fiscal measures
 

must be given crdit for keeping the changes inprice levels to relatively
 

modest proportions until recent years.
 

There 'as been intensive debate over the Plans in India. The news­

papers and journals of opinion reflect this debate within the government
 

before thi Plans are made public and the debate continues in the national
 

arena afterward. The debate, which itself constitutes consideration of
 

alternatives, focuses on the size of the plan and the relative emphasis
 

to b'j placed on the various sectors. Unfortunately the debate has not
 

b-.in well informed with respect to the relationships among these issues
 

md with respect to the intertemporal distribution of benefits. The view
 

ap-ears to have been generally accepted that the bigger the Plans are the
 

better they are and the controversy has focused on the feasibility of
 

cirtain levels of domestic saving and investment and the requirements for
 

foreign aid. 

Plan making must include consideration of both ends and means and
 

it should produce a compatible program. In formulating the ends of economic
 

policy, broadly phrased ideals and declaration of objectives have to be
 

made quantitatively specific. They must have numbers attached to them.
 

"Some degree of immediate alleviation of poverty and future improvement in
 

the standard of living' can encompass any number of different intertemporal
 

patterns of present and future income. Without careful testing the feasible
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range of alternatives cannot be established. Policy makers cannot be
 

expected either to be able to generate detailed goals or even to realize
 

what specific alternatives are open to them. It is the task of the
 

planning tech,icians to prepare explicit quantitative alternative plans
 

which proviJe policy makers with an informed basis for choice°. In India
 

the proceeds of particularizing economic goals has not been clear and
 

straightforward. In this deficiency it should be quickly pointed out,
 

Indier planning is not unique. The evidence available suggests that the
 

investigations of alternatives which have been done in India have been
 

both in the most highly aggregated type of macro-economic calculations
 

and at the other extreme in the choice of particular projects. Though
 

there is evidence of concern with the issues no techniques of relating
 

aggregate and sectoral growth paths are evident in the Plans. The well­

known analyses of two and four sector models by Professor Mahalanobis did
 
1
 

try to provide a rationale for sectoral allocations. It is difficult
 

for an outsider to assess their influence in shaping the Indian Plans.
 

Professor Mahalanobis' analyses seemed to justify a relative emphasis on
 

the capital goods producing sectors but did not provide any precise guide­

lines. Moreover, the limitations of the analysis would prevent it from
 

2
 
providing reliable indications,
 

I "The Approach of Operational Research to Planning in India" and "Draft 
Plan Frame for the Second Five Year Plan," S , Vol. XVI, Dec. 19S5 
pp. 3-89. 

2 For major criticisms see: S. Tsuru, "Some Theoretical Doubts on India's
 
Plan Frame." fEconomic Weekly (Annual Number). Vol. V, January 1957;
 
S. Chakravarty, T.h.e L.c of Investment Planning_, pp., 43-48; R. Komiya, "A
 
Note on Prof. ahalanobis' Model of Indian Economic Planning," The Review
 
of E.conomics and Statistics, Vol. XLI, Feb., 19590 pp. 29-35.
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Finally, a brief note on the performance of the Indian economy in 

relation to the Plans: The First Plan was generally considered to be a 

Roughly speaking the output levels projected were achieved in
success. 


most sectors. Major projects were started and, while they did not progress
 

as rapidly as programmed, the Plan as a whole was believed to have gone
 

Since the First Plan, while there have been great accomplishments,
well. 


these have not measured up to what was projected. As compared to the
 

Second and Third Plans' targets there have, with some exceptions, been
 

general shortfalls in both the agricultural and industrial sectors.
 

Furthermore, in both the Second and the Third Five Year Plan periods there 

were major foreign exchange crises due, in part, to special circumstances 

in each case. In the Third Five Year Plan period, inparticular, the 

Chinese invasion, the military engagements with Pakistan and unfavorable
 

agricultural conditions have placed special burdens on the Indian economy
 

and its foreign exchange position0 In general it has been assumed that
 

the targets were, in fact, feasible0 The reasons given for lack of
 

success include not only the unforeseeable exigencies of weather and in­

creased defense spending but also inadequacies in implementation which may
 

mean either too little or too much or the wrong kind of government inter­

vention depending on the source of criticism.
 

1.3 A Brief Description of the Models
 

Having described briefly the practice of Indian planning, we turn 

now to a brief survey of the models which will be presented in the following 

chapters. The present description is intended only to provide an overall
 

view of the more detailed presentation of the following chapters.
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The models aM addressed to the problems of determining the optimal 

level of savings and investment over time, and the -elated intertemporal 

and intersectoral distribution of investment and output and the use of
 

foreign exchange resources. They are linear programming models which are 

adapted in various ways in specific applications. There is a basic 

structure common to all of them. rroduction processes in all sectors re­

quire fixed capital and intermediate inputs in fixed proportions and have 

Many sectors neod imports in fixed proportionsconstant returns to scale. 

as inputs, Imports are also permitted in varying amounts in certain 

sectors to supplement domestic production. A balance of payment constraint 

must be net each period. Private consumption is a composite commodity and 

fixed in each period. Furthermoreis consumed in proportions which are 


aggregate consumption must increase monotonically with time. Investments
 

to be made up to three years in advance.for creating new capacity have 

In any period stocks of inventories depend on the output of next period, 

Fixed capital and foreign exchange are the only scarce factors. Labor surply 

is unlimited, The economy is defined by the following elements:
 

(1) The objective or criterion function which is maximizud is 

the 	sum of aggregate consumption in each of the plan periods 

solution of the modelsdiscounted by a social discount rate.. The 

achieves the highest value of this function which is consistent with 

It should be noted, however, that in a pro­all the constraints. 


gramming model goals of economic policy can be stipulated not only
 

by what is chosen to be maximized but also by the content of the
 

constraints.
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(2) A consumption growth constraint, for example, requires that
 

This rate when
aggregate consumption grow at a stipulated rate. 


compared to the population growth rate indicates a required rate
 

of growth in the average standard of living.
 

(3) A savinsconstraint which is enforced in some of the models
 

and which relates the level of net savings and net national product
 

is another way of introducing social goals and a behavioral con­

straint into the models.
 

roortions are specified exogenously or may be
(4) Consumjti 


varied endogenously by means of consumption-expenditure elastici­

ties,
 

(5) Distribution relations require that the total demand for each
 

commodity in each period not exceed its availability in the period.
 

The total demand consists of the requirements for the good as 
an
 

input-output
intermediate input, which is determined by use of an 


matrix and a number of final demands. These include the demand for
 

inventories, the demand for new fixed investment purposes, the
 

demand for replacement investment, public and private consumption
 

and exports. The availability is the sum of domestic production
 

and imports.
 

(6) Capaity restraints ensure by means of capital-output ratios
 

that output of each sector in each period does not exceed that
 

producible with the fixed capacity available in the sector at the
 

beginning of that period.
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(7) Capital accounting relationships determine capacity at the
 

beginning of each period as the capacity previously available
 

less depreciation plus the new, completed additions to capacity
 

plus that part of the depreciated capacity which is restored.
 

(8) New capital creation takes place in each sector with n
 

separate gestation lag for the contribution from each capital
 

goods producing sector as specified by means of capital propor­

tions matrices.
 

(9) Inventory requirements are determined by inventory.output 

matrices.
 

(10) Exports and public consumption are estimated exogenously.
 

(11) Imports are divided into two categories. "Non-competitive" 

imports are determined by exogenously spocifieC import-output 

however, change over time. "Competitive"ratios which may, 

imports are allocated by the model with limits set, in some
 

versions, on the extent to which this type of import can be ab­

sorbed in any one sector. 

(12) Balance of payments constraints require that total liports
 

in each period not exceed the foreign exchange availabilit) as
 

determined by exports and the stipulated not foreign capital
 

in flow.
 

(13) Vie initial conditions are estimates of the productive 

capacity. stocks of inventories and unfinished capital-in-process 
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actually available at the beginning of the plan periods.
 

(14) Terminal conditions must be provided in some manner in order
 

to relate the events of the plan period to the post plan period so
 

the model will not behave as if time stopped at the end of the
 

plan. These terminal conditions are either completely specified 

exogenously or partially derived endogenously depending on the
 

purpose of the model. 

This basic structure is combined in various ways and over different 

planning periods to develop a number of types of models which illustrate 

different points and analyze different problems. Although only eleven 

sectors are distinguished in the solutions, there is in principle, no barrier
 

to greater sectoral detail, and some experiments were made at an eighteen
 

sector level of disaggregationo
 

In the Target Model the terminal conditions are taken from targets

1 

for the Third and Fourth Indian Five Year Plans. The model finds the 

maximum amount of consumption which can be produced within the plan period 

consistent with these targets and the other constraints. It also makes an 

exhaustive calculation of the total amount of investment and domestic 

savings required by the targets as well as the sectoral requirements in 

each year. By comparing these results with the planned allocations a test 

is provided of the overall feasibility and sectoral consistency of the Plans. 

The Transit Model is also a five year model in which terminal con­

ditions are set endogenously from a specification of required post-terminal
 

1 The Fourth Five Year Plan has been postponed, All the references to 
the Fourth Plan in this book refer to the originally scheduled Fourth Plan 
period from 1966-67 through 1970-71. 
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The model solution is an optimal transition, in
sectoral growth rates. 


The Transit Model
 terms of the objective function, to those growth rates. 


is an open-ended system as compared to the Target Model in which 
both, the
 

initial as well as the terminal conditions are completely specified.
 

The Guidepath Models cover a span of eighteen or thirty years in
 

This permits the
 alternative forms in successive periods of three years, 


com.require a long planning horizon for a 
treatment of those issues which 

The Guidopath Models also embody techniques for en­prehensive analysis. 


dogenously changing consumption proportions and the shifting 
from use of
 

in the important agricultural sector.techniques"traditional" to "modern" 

exlicit savings

The Guidepath-I and Guidorath-11 versions differ in that an 


constraint is enforced in the latter model.
 

Model is a short term model and is used to obtain year
The Guidepost 


by year detail for the early years of a long term path obtaiined 
from a
 

solution of the Guidepath Model. It has periods of one year each but other-

The terminal targets,wise it has the structure of the Guidepath Models 


however, are obtained from the particular Guidepath solution 
and are speci­

fied in the manner of the Target Model.
 

variety of alternative specifications
Each of the models is solved for a 


of behavioral, technical and policy parameters to determine 
the sensitivity
 

of the results to changes in such parameters and to illustrate 
the range
 

Each solution of n model generates
can analyze.
of policies which the models 


for each sector and each period all the uses of capacity, foreign 
exchange
 

and output which are consistent with the maximum value of the 
objective
 

function and the constraints. Period-by-period detail national income
 

In
 
accounts are compiled to show the overall workings of 

the economy. 
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addition the solution provides a set of shadow prices corresponding to the
 

terms of the maximand, of
various constraints which indicate the value, in 


marginal adjustment in the constraint. The shndow prices are analogues
a 


of the prices of the real world but must be interpreted with care 
as they
 

reflect rigorously the particular structure of the model,
 

Structure1.4 	 Preliminary Evaluation of the Models' 

Many of the inadequacies of the planning models to be presented 
must 

already be obvious ?.nd others will become appgrent as the detailed presenta­

wait until the last chapter a
tion proceeds. Though final evaluation must 

will help put the unwarybrief survey of the limitations of the approach 

reader on guard and aid in understanding the character of the results. 

in practice has many different goals, con-Although economic planning 

of the 	models.
sumption is the only criterion in the objective function Some 

additional .ocial goals are introduced and still others could be introduced 

as linear .:onstraints. The linearity of the objective function, i.e., 

the assuirption of a constant marginal utility of consumption is a serious 

a major influence the intertemporal distribution oflimitation as it has on 

consumption and investment. Yet, though the objective function is linear, 

the :onstraints which specify a minimum consumption growth rate and those 

which relate savings and net national product have an effect on the solution 

With suitable specifica­similar to non.linearities in the objective function. 

tion of these constraints any desired time path of consumption which is 

feasible can be obtained. We believe that the present formulation has the 

advantage that the significance of the constraints is more readily apparent 

of a social consumption-utilityand meaningful to planners than is the slope 


funr ction.
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Another limitation of the models is in the way sectoral consumption
 

is determined in exogenously fixed proportions or in proportions determined
 

by fixed elasticity relations with total consumption, No opportunity is pro­

vided for relative variations depending on price elasticities., The only
 

moans of adjusting sectoral demands for consumption thus becomes that of
 

changing total consumption. As a result bottleneck situations in a par.­

ticular sector can have the effect of constraining overall consumption. This 

is particularly important in short run models; over longer periods the models 

will "foresee" and avoid such situations. On the other hand, the high degree 

of aggregation in these models makes substitution less important and in a 

practical application on a more disaggregated basis some amount of flexi­

bility can be permitted with additional computational costs. 

In these models the only scarce factors are capital stocks and foreign
 

exchange whereas labor is assumed to be free. Even though a gestation period
 

for capital is specified and government expenditures provide for education
 

these devices cannot take into account fully the problems of developing raw
 

material supplies. of training labor and developing managerial skills. It
 

would be possible to expand the models to take into account other scarce
 

factors, for example, to require various types of labor inputs for production
 

and to specify the methods of their supply in models of this type. These 

additional production relationshirs were not introduced in the present,
 

analyses for several reasons, First of all, they would increase the computa­

tional requirements substantially. Secondly, there is relatively little data
 

available on the types of labor skills required in the different sectors
 

and even less information on how these skills are acquired in the Indian
 

economy. Moreover general considerations suggest that the types of expertise
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which are most likely to be bottlenecks. ioe. those of foremen and managers, 

are most difficult to quantify.
 

Ile production functions in the models are homogenous of the first
 

degree, ioe. show absolutely constant returns to scale, and have fixed 

input-coefficients so that there is no provision for increasing or decreasing
 

returns to scale0 substitution of relatively scarce factors Or increasing 

productivity by learning-by-doing° In addition all production relations 

are accounted for directly in inputs and outputs so there are no external 

economies or diseconomies. These are extreme assumptions for a development 

model and cannot be justified but are used for lack of data to do otherwise. 

At the high level of aggregation of eleven sectors substitution among the 

outputs of different sectors may be unimportant but changes in the returns 

to scale which, with one exception, are not pormitted, could be significant0 

The exception is in the agricultural sector in the Guidepath and Guidepost 

versions of the planning model. In a practical application a variation of 

the technique used in the agricultural sector could be used to simulate 

diminishirg returns in other sectors. The externalities which are neglected 

in this approach are technological, The explicit accounting of inter­

industry interdependences in the models represents a satisfactory treatment 

of the so-called pecuniary externalities. 

In view of the importance given to changing techniques and externali­

ties in the growth of loss developed areas, a special comment is required 

on our inadequacies in these respects. The defense is essentially that 

changes in coefficients which can be dated or associated with particular 

projects can be embodied. If. in partial analyses of individual projects, 

technologies with different input-output proportions are chosen, sufficient 
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disaggregation would make it possible to respect the differences to some
 

I 
extent. Since this model operates with a very few sectors it is necessary 

to examine the results carefully to arrive at a judgment as to what extent 

they are sensitive to the changes in technical coefficients which might be 

reasonably expected. The gestation periods for capital are also described 

by fixed lags when, in reality, there is some degree of variability depending 

in part on the relative urgency with which the capital is desired and the
 

availability of capacity in the capital creating sectors,
 

The form of the inventory function is overly simple and again the 

coefficients are fixed. Depreciation is exogenous to the model and not a 

function of the intensity of use of capital, To som'e extent these relation­

ships could also be improved in a full-scale effort, 

The treatment of the foreign trade sector is also too simple. In 

particular no endogenous procedure is provided for changing the import 

requirements with the development of domestic capacity, In addition the 

sectoral aggregation is too gross to provide a detailed basis for analyzing
 

import substitution problems.
 

An issue which is frequently raised in connection with the use of 

programming modals for development is whether the information available in 

the less-developed countries is sufficient in quantity and quality to justify 

the use of the techniques0 The answer is surely different for different 

countries and few generalizations on this issue are possible. However, the 

view of economic conditions in less-developed areas as unmapped and unexplorable 

I Developments in integer programming techniques which can be adapted to 
handle increasing returns are promising as are experiments with iterative
 

procedures of various sorts combining integer and conventional linear pro­

gramiingo 
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.terrain.co.ia is unwarranted, There are some enclaves, the "modern 

sectors" usually, which may be relatively well-known even as compared to the
 

more ad .'nced countries, simply because of their size and newness. Sectors
 

which have been major sources of exports have often been studied intensively
 

in less-developed areas because,of their importance as foreign exchange
 

earners. Consequently considerable input-output and other data may exist
 

even if the productive units are small and "unorganized."
 

In India and some other countrier, the extensive systems of controls
 

and public enterprise generate a substantial amount of useful information,
 

Investment and import license applications frequently require supporting
 

documents which list production information which will be used in making de­

cisions, In addition, there may be price control procedures such as those
 

of the Indian Tariff Commission which produce valuable data, For some com­

moditice there are direct controls on use which generate a mass of detail
 

in ViO various applications, In India a substantial bureaucracy has developed
 

to administer these controls and regulations. Though the degree and ease of 

contact with private industry varies, a system of regular reports has helped
 

to create a cadre of well-informed persons. In addition there have been in­

dustrial censuses in India, the most recent of which is for 1960, and a number
 

of sample surveys, There are grave problems of compatibility of the ct.isus
 

and survey material but they are valuable data sources.
 

Large areas remain which are nearly blank in terms of statistical in­

formation, especially the mass of agriculture and the handicraft and service 

sectors which are only partially and loosely tied to markets. These sectors, 

a...% is the case in India, are often among the largest in terms of output in 

underdeveloped countries, so the information inadequacies are serious. 

http:in.co.ia
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In the models presented here all sectors are treated as if data of
 

equal quality were available,, This was done partly to develop a general
 

technique and partly because the significance of errors in specification
 

could be explored by testing the sensitivity of the solutions to changes in
 

reliability of data.
paralneters. but mainly because of ignorances about th-e 

It might, however, be noted that less formal planning procedures often 

to be used for the same purposesmake no smaller claims for data if they are 


On the other hand it is possible to use the
 as the models presented here. 


models flexibly and integrate less formal procedures for some sectors with
 

the more rigorous procedures for other sectors. 

given the miajor drawbacks which have been d, -cribed whnt then can o" 

It is we bolieve simply that no other ricthodthe justification of the models? 

of which we know doer a.s wqall in providing a consintent analysis of inter­

interse.toral relationships and econromic oals. Whatever chetmpornl and 

to be made of whether to starteanis of implementation, decisions will have 


or build ,ore power facilities or allorate
another steel plant next vear, 

to imorting mining equipment, and so on These decision-,foreign exchange 

should hd coordinated with all the sectoral developrment plans and the national 

goals, lie believe the modols indicate how this cnn be (lone in a manner which 

is an improvement over existing techniques. 

oiorcover, there are likely to be some irmportant by-produLcts associat;d 

First of all, they make the issues
with the techniques prusented here. 


involved in planning more explicit than do informal and partial techniques
 

For example, the problems involved in setting plan tarRots may be glosse
 

over in using comparative statics analyses, e g cormodity balances, because 

do not force an explicit and thorough considpration of the issue:;these mothods 
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Secondly, the models Inspire the development of data which might otherwise 

be ignored. Pinally, the models suggest the usefulness of exploring alter­

and the design of planning methods for high-speed computation.natives 

Rather than, as has generally been the case, concentrating on the preparation 

of only a single plan, it becomes possible to trace the outlines of a number
 

of alternative plans. In economic policy as in other areas, informed choices 

can be made only when the alternatives are known. These techniques make 

in informed knowledge about alternatives.potsible a substantial increase 

cannotThe misapprehension identified with the view that "plans be 

made by punching a button on a computer" can also be discussed at this 

point in order to clarify the manner in which formal planning techniques 

should be used. First of all, it must be recognized that planning is a con­

tinuous process even though it has usually been explicitly organized in dis-


The quinquennial
crete and intensive phases every four to seven years. 


debates should not be allowed to obscure the reality of continuous adjustment
 

and readjustment of means and ends which should and does go on. Similarly. 

the programming models of this book and other similar models should be
 

considered as tools which should be used continuously in a variety of forms
 

designed expressly to analyze particular problems. The use of high speed 

computers by these models is both a necessity and a virtue because it can 

produce with greater speed than otherwise possible and in much greater
 

detail a range of alternative policies whose implications are developed in 

great detail. Finally, however, models will always be simplifications of 

reality, and not all the relevant considerations can be embodied in a 

computer program, 

In a practical application the limits of computational cost which
 

have been a constraint to the enlargement of the scope of this project would
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be much less important. Even so there is no question of the next Five 

Year Plan for India or any other country rolling off the computer intact. 

use of the computer can provide much more detailed informationThough the 

the choice of any oneabout alternative policies than has been available, 

is always up to the policy maker. 

1.5 Outline of ChatOrT 

The order of presentation will be as follows: In Chapter Two the 

structure of the models will be described as well as some of the reasons for 

choosing the particular relationships which are used. In Chapter Three the 

data used in implementing the models, their sources and the adjustments 

performed on them will be discussed. The use of the programming models for
 

short term planning will be demonstrated in Chapter Four with tests of the
 

In Chapter Five the Guidepath and
Indian Third and Fourth Five Year Plans. 


Guidepost models will be presented and alternative long term growth paths
 

brief summary and evaluation of the
generated. Chapter Six will be a 


methods and results.
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T11B3 TARGET MODEL AND THE TRANSIT MODEL 

Since verbal science has no final end, 
Since life is short, and obstacles impend, 
Let central facts be picked and firmly fixed, 
As swans extract the milk with water mixed. 

-The Panchtantra 
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Since the general methods of linear programming are well known, 

the description of the models' analytic framework can be relatively
 

brief with attention concentrated on issues related to the particular
 

applications. First the structure which is common to both the models
 

is presented and discussed, This consists of the behnvio-val and 

structural constraints and is called the Basi: Model, Then the terminal 

conditlon3 which distinguish each of the spocific models are described, 

Finally a general appraisal is made of the analytical formulation of 

the models and of alternative formulations, 

Table 2-1 prosents a list of symbols ithich are used. The meanings 

of the synbal are repeated when thay are first used, Capital letters 

are uied for variables and small loetters are used foy pa-ametors. 

2.l The Basic Model
 

The Basic Model defines an economy with the following character­

istics:
 

(1)Production processes in all sectors require fixod
 

capital and intermediate Inputs in e-ogonously
 

specified fized proportions to output and have
 

constant returns to scale.
 

(2)Most sectors require imports in exogenously fixed
 

proportions to output. 

(3)Additional imports are also permitted in certain
 

sectors to supplement domestic production in amounts
 

determined endogenously within specified ceilings.
 



Table 2-iA 

Li.t of Symbols 

flirenspns 	for 
r sectors, k activities 

List of Variables and Parameters T periods 

A(t) 	 not foreign capital inflow n period t T 

a(t) 	 matrix of intrr-industry/ current flow coef,. 
ficients appropriate to period t 1 : k 

b(t) 	 diagonal matrix of capital-output ratios k x k 

c(t) , column vector~each ternm of which indicates the 
proportion of the sector's output i-i tot-fl 
consumption n
 

C(t) -	 aggregate consumption in each period T 

D(t) 	 a vector of the amount of fixed capital (cPmP 
ponents)in each sector which is comitely 
depreciatod in period t 

d .-	a diagonal mntrix which transfoarus dz ""ccia";n 
into capacity immobilizod, each of who t torm. 
d.. is the maximum of r- ,.r - - I A n , " 

j P2j Pnj/
 

he r's 6nd p's are explainod bolow) 

E(t) a columi vector of exports by each sector n 

F(t) - a column vector of deliveries by eac
for private consumption purposus 

h 50CtoT 
n 

G(t) a column vector of deliveries 
government conzumption 

uy each sctor for 

1 

11(t) column vector of delivories 
inventor/ accumulation 

by each sector for 
n 

I - identity matrix n x n or k x k 

I Variables ., capital letters 
Parameters small letters 



Di rer .A: os o r 
a ors. k actjivikI 

List of Vnrinb ). and P:amstyq T : ,.oN: 

o If .ro. ;ti n .O M ".,7
 

inpu1.. b/ ,- ,. vecro:v
 

• ~C L IIMrI "O:tc. .zAetM 

LIrM of fid 0apAtPI capa.nry in CchKit)d'rni vcI 

sector
 

M~U) *. 'oIumnVcOCor f totM impolt 

?,() column vactor" of "non c,,rpatkit jw&' 

mI ding:al matrix of imtport c. ','un r c 
l ut ing nan -.zom p.nti iv e impo r-tL.to .se z,'o r a lt 

output 

W'(t) coluun vecto cof '" ompo itive" imports a 

M" co v"Inor c "' ri,. sector, VeI PPSoef'i I.,..lt. in each 

af't r compa iti.'e l . 'ui. e v htv;nc., 
ben stisfied 

11 - number of' snto-rs 

" T (t) -. column v.rtcr of li :.iv Q ach s'or " 

investment poods for new cnpital formtation 

p'I invarstmoot Ag propoartcn marlo¢cs fo! znpits!. 

The elmet py OQ P t r,, 
17 A UQr 

proportions of fixed caTitI in scn;
 
" supplied by socor i for ,;te', cnpackty 1, 2, or
 

3 peri.ods ahead, raelcivwly
 

p CsJ.a oC,;OM'.p3 tiOn WX er; . C.e M of WhiCh 

is Oh.M k p & W 1.0 n X k 

Q(t) - column vector of deliverie; by each sector to 
nrestor dopreciated capAity 

http:oC,;OM'.p3
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Table 2-.1 	(continued)
 

Dinension 	 for 

1 riSectorso k activitic-s 
List of Variables and Parameters T periods 

xI€qR [-,b(T)1((T)p' CT)27z1} -oiz 	 nC~"Tn) 

R(t) 	 a vector of depreciated capital capacitios 
which ar3 restored 

r matrices of coefficients each of ,which indi­
cats the proportion of depreciated capacity 
in each soctor j supplied by the sector i for n x k 

restored capacity in period t-1, t,2, or t-3, 
' ° rospoctively, to become effigctive in period 

r depreciation composition matrix 
of which is Di./D a where Dij is 

ench 
the 

qfment 
i t type of I . k 

S 
capital deprec ated in sector j 
matrix of invantory covfficir-ris ca h of element s.j of 
which indicatos the dolivwrier for irive.,to )y 
purpon.os by s octo' -1.to 
of additional output in 

sector 
sctor 

J p"r unit 
j k 

T 	 . length of the plan iI periods 

timo, in puriods 

u - unit row vector [19 19 19s ooo, 1] x 

V(t) - a column vector of capacities which are lost in 
each sector due to the depreciation of some com­
ponent of its capital stock k 

W - value of the objective function which is equal 
to the present discounted value of aggregate 
consumption over the plan period 

w - social discount rate applied to aggregate 

private consumption 1 

X(t) - column vector of gross domestic outputs k 

Z(t) - column vector of new additions to fixed capital 
capacity in each sector k 

0 - post-terminal growth rate for consumption 1 

8 .o 	 post-terminal growth rate for depreciation 1 
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'rabi. 2-1 (continued) 

Dimensiors for 

1ISectorso k activities
 
T periodsList of Variables and ParametOvr5 

I - post-terminnl growth rnte for povoermncnt 

I-. post-temAinnI growth rate fc- ax.port. 

F- pos5tz.Trminal gruwth rate for 	importn 

(t) minmu'i rato of gyaith of aggrogate con 
sumption 	 C(t) ovr Ct- 1)1)
 

calcu­k 	 matrix o" prowth ratea uied in 
-diagonal 

lating inventory in eutrvont in first poriod
 

and maazinum now invastmant in geccnd and third
 
k x k p dioi 


in L -Icu­cL.(5) . diagonal matrix of growLh 'nY6Ls 	LsCd 

lating .erminal capital requirements
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(4) A balance of payments constraint must be met in 

each period which limits total imports to the total 

amount of exports and not foreign capital inflow in 

that period, 

(5) 	 Private consumption is a composite co~meodity WhosO 

sectoral proportions nr fixed e~xcgenously. Further­

more, consumpticn is rfquired to incrtase mono­

tonicelly in succ.s iva periods at spocified rates, 

(6) In ordor to croate niy ,:cpicity Inve.stmont hs to be 

made in tho poi'iods immodiatoly prectding that in 

which the new capncity becomr s rnai!ab6 an dotur­

mined by n ft.aod gstna*icn p'oc.- zrhich varies 

among scqctorz but can ba an long as '-hroo perlods. 

(7) 	 In oach poriod nvo tmfnt in ini.rvntorins in each 

sector ia liioarly r_.alzod to te cnhanga in output 

to bea ~~i,;,d in -Cha pariod, 

(8) 	 Pixed capit~a :st.k, nnd f,'jiga ogch rngo are the 

only Gcarco factuos Labor and "razi materials are 

nsssmd to bn t wdi cjtol nu to tho roodeln-

Table 2-2 sets out al' the relationships of the Basic Model and 

the terminal conditions for the Target and the Transit Models. They 

will be taken up one by one in the text. 
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Tho Target 

Table 2 2 

and the Transit Models 

(1) Objective function 

'r C(t)
(1.0) Maiile w 2­

tal (low-It-1 

Subject to: 

(i) Con w ptt on g:.ix co4nIS.Falnzs 

(2 0) CCT.k) a (;.C(Q)C(t) , 

(2A ) In~tIal C.'rp ioi 

C() a- o) 

for t*O, , I t, 

(3 0 .'QCP) isE(t). € M)!N("-,0G('t)t) ,X(t) for tI1 T 

.I(t) * - {',)X; ) for t-l,, . T 

(3,2 I())SP :,AM (')(xt')}(o( "~,O ), .(t), ,r intfor tr, 

(3 3) Priva te ,._ ~,)> 

Ft) f*,G(, N(t) 

tion 

for tftl, To 

(4) 

(1) ((c), 

(3.5) EXPIorts 

Eft) -Et 

Capacity vastvnirits 

(4 0) b(t)X(t) ! K(t)o 

for t-l, 

for tul, 

for t-l, 

, 

, 

T, 

To 
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Table 2-2 (continued) 

(5) Capitnl accounting relationships 

(5.0) Investment requirements 

N(t) =pZ(t+l) + p"Z(t+2) + p"' Z(t*3)& for t=l, .. 1'. 

(SA) Dopre;ciated capital 

D(t) ! P(t)v for t=2 , T439 

(5,2) leprecinted cnpacity 

V(t) = d)(t)s for t=2, . T+3, 

(5,.3) Restoration requirerments 

((t) = rld" I P(t) + r"d- lR(t+l) + r"'d IlR(t 12) For t=l, , I', 

(5.4) Capital accountin, 

K(t+1) r K(t) 4 Z(t+l) + R(t+l) - V(t+l), For t=l, , T+29 

(6) tReste~ratio nd:.lirpgs 

(6.0) N(t) 1 V(t), for t=2, ,.., T3, 

(7) Balmce of payments constraints 

(7.0) -'a(t) : A(t) ik.t(t), for t=1, ,T 

(8) Imports 

(8,0) Import composition 

M (t) = 111(t) + :'1"('c)., for t--l, , To 

(8.1) Non-comnpitive iports 

kil(t) = n(Qt X(t) for ti-lort, Te 

(8.2) Comtpotitive im port ceilings 

Nl"(t) :5 n"(t)[W-'t) + )H(t) - tM'Ct)jO for t.lI ., To 
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Table 	2-2 (continued)
 

(9) Initial cnpital in process restraints
 

(9,.0) K(1) bO)C(I, oC1Xc),
 

(9, 10) Z(2) 11(C2) :S 4,K(l) +V(2)0
 

(9 11) Z(3) + R(3) (%)C . 3, 

(10) 	 Terminal requirements in 7cvern1 

(10.01) K('r,,t) a- J('r), 

(10,.02) K(T+2) K('I'42), 

(10 	03) K(T*Z) ­

( 10 	 1) s ( 'O X('r*+1) ':a X (T * ! ) . 

(I1) 	 'TARIET MO ELI specification o* termin.1 requiremcmuts.
 

,I'hnninal capit.-. stocks
 

T(( 	 )'((r),(i 	01) K(T+ ) 1_ ' 

(11.2) K(T+2) _ h(T)T4+o r7T),
 

11I, 1)-. A
0o3) 	 K('r+3) h('T) (I 'rr, 

Terminal inventories
 

T 1 .l ,XX(T). 

HOILI' s-eci fic:t:iovopf roreinn.1 requl renents; 

(11,I) s(~T) T) I 

(12) 	 'TRANSIT 


Post-terminil prowth rnt :; of* drp.u,! :,ri- 1m'or,,
 
t 'T
 '
 F (t ) 	 -, F(T ) ( I14(12 0 1) 


(12 02t)C (t (T)1 , )­

(12: 	03) r-t) F(T)(14 )tT for t >,r 
t..T 

(12 .04) p(t) )i(T)(e
 
(12 05) M ., t Tt
14(t) F(T)( 


which implies; 



2-.10
 

Table 2-2 (continued) 

(12.1) X(t) 1 a(T)X(t) # (s(T) + b(T)p')[.'((t+l)-X(t)] 

+ 	 b(T)p"(X(t+2).X(t41)] 

+ 	 i,('P)p'" fX(t#3)-,X(t42)] 

t
4 	F(T)(I+O) t. + (T)(1 ,C. 

D(T)(1+) t - T ,(T)( I .) for t >T. 

Solution of (12. 1) 
T) ):" 9) 	 T (1.,( 2 01 lF(T)( t t- T 

,( I 'b [' (]-)s(13,0) X(t) = ) ,I( )}' 

2 1*i-- t -T 

+ 	 [aT-(T)-(1 (T)' 4Tn"(-E 1 I(.'r)T'" (.) 2 e'} 1 (' -') (t-6) 

+ 	 [I.*a(T) -(h()p's(TJ)6- 1(T "(1 Q&-1) ')p"' (1.6) I" D(T) S) 

(1 .i) t-TS 
- [I. n(T) - (b(T) p' .s(T/j- 1,(T) p" ) . (T)n' (I ',2] 1 ,(T) 

rc,)- t T, I. T42, T+3. 

De fine 

,(T)'" (h )) p,9, T-ar('r)- (b(T)p' s(T))?l -b(T)p"( 

Then from (13,0), 

Toerinnal capital stucks. 

t -(14 0) K(.:) 2 1,(T)q 

* I(T)q' I (I+?tT 

+ 1 	 t-T 

-	 bT)(T) m(r)( 1+) For t=T4,, T+2, T* 
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Table 2-2 (continued) 

Terminal inventories 

(14.1) s(T)X(T.I) =s(T)q- F(T)(II ) 
0 

* s(T)q 1 G1(T)(.+W) 

+ s(T)q' Pc(r)(Ie-) 

s(T) q M(T) (1+5, o, 
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2.1.1 	 bjective Function
 

The objective function which we maximize is the present discounted
 

value of consumption, 11, over the planning period T;
 

T 
C(t)
 

tml (l+w)
 

where C(t) is aggregate consumption in period t and w is the social dis­

count rate applied to future private consumption.
 

The goals of economic policy are defined n a programming model not
 

only by what is chosen to be maximized, ie. by the content of the objective
 

function, but also by the content of the constraints. T'he multiplicity of
 

of policy making can beeconomic goals which charncterizes the real world 

by a model whose objuctive function embodies only one criteriondescribed 

with other goals entering via the 'odel's constraints. Alternatively, it 

would 	be possible to incorporate the content of the constraints in the 

objective function with suitable -aightso T'he one or other approach is, 

to some extent, dictated by the character of the goals, When the goals 

are naturally formulated as inequalities it is most conveniert to have 

them appear as constraints. This, for example, is the case when it is de­

sired 	that consumption growth be monotonic with a certain minimum rate.
 

Consumption Growth Constraint
 

Constraints are applied in most solutions which require the monotonic
 

growth of aggregate consumption between successive periods; i.e.
 

for t-O, oo, T-1
(2) 	 C(t~l) _ C(t)[l+P(t)] , 
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where 9o(t) is the prescribed minimum growth rate for aggregate private 

consumption in period t. 7his constraint permits parametric investigation 

of policy decisions as t, the minimum intra-plan growth rates of consumption° 

In most cases by settirg C(O) to zero the constraint is made redundant in 

the first period in ..rder to help insure the achievement of a solution when 

there are grounds for believing that otherwise no feasible solution would 

exist. This latter procedure permits the model to choose the level of 

consumption in the first period, though it remains constrained subsequently 
the 

to achievin? at least / minimum growth rate. There is no TeaSon why in the 

absence o' such constraints the model solutions would generate monotonic 

growth, rather findiTn it preferable to choose some other pattern. 

In the absence cf diminishing narginai utility of aggregate con­

sump~ion the model would show the characteristic flip.flop tendency of 

th,, solutions of such linear models to concentrate the output of consumption 

roods either at the l)eginning or AIt the end of the planning period. 'rhe 

consumption growth constraints counter the 1tenddency to con centrni:e con­

sumption at the beginning, since increasin . consurp-tion in the early plan 

periods would only force still higher consumption in the later plan periods. 

On the other hand, if the solution tended anyway to concentrate consumption 

in the later plan periods, that behavior would not be restrained by the 

constraints on the growth of consumption, If the growth 

constraint is applied in the first period as compared to the pre-plan 

period, the level as well as the rate of growth of consurption is con­

strained to minimum values,, Terminal conditions can be set in such a way 

that they may also moderate the tendency to crowd consumption into the 

final plan years. Therefore, although n non-linear utility function 
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reflecting diminishing marginal utility of aggregate consumption would be 

preferable on theoretical and analytical grounds to the simple objecti.ve 

function chosen, suitable constraints can achieve sone of the same effectsi 

By linear approximations a non-linear utility function could be introduced 
it 

but/would impose soff'h:1t greater conrputationI bi'deiis, Even if these 

could be borne in a r.z' amnitiolis sclome, the damntal difficuli:y still 

would remain of making reasonable estimates of the tility function. Solu­

tions, moroover, nee likely to be sensitive to the rate at which marginal 

utility declines, Of course, the approach could be adapted on this issue 

as in other similar cases o ,perimnting with varicus utility functions 

and then offering the results as a menu af alternntivos, 

Assumption of -n arbitrary utility fund:ion '4ou2A not be -ny more 

satisfactory than thew linenr objective function. Ie coefficients of 

an arbitrary function most likely would be derived fo m an assured desirable 

intertetmporal distribution of consumption, -in which cnse it is as ,all to 

use the linear objective Funttiojo and to specify tie distribution oF con­

surmiptioli directly. Furthe-nnora, such constraints may have a cloarey and 

straightfoizard connotation to planners than the ?ate at which social 

marginal utility dimninishes9 

1 The use of a line.ar objective function in place of the non-linear 
objective function has to ,- explained since optinizing a linear objective 
function loads to a point on the bounding fiasiblo surfaca, whereas the 
true itiIn May )t: an interior point in the feasible space. However 
the utili'1y runc1ion of ai~v egate consumption over the plan period is 
monotonic in all dim nsionso Furthernorn the trunS maximum is outside 
the feasible ragion0 , Thess tiv=o conditions are sufficient to ensure that 
the true optimum is on the feasibiiity surface. 

http:objecti.ve
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2.1.,2 Distribution Relations
 

C3°o) J(t) I1(t) + C(t) + Q(t) + P(t) + G(t)+ r-(t) : M(t) + Xct) 

for t=l, *oo, T 

These require that the total demand for each con-,,edity in each period not 

exceed the availability of that cornodity in that poriod, Each of theso 

a colum-n vector, The first SCVlu terns represot usesterms represents 

of the output of each :;ector: .1(t, interm.diat-. inputs, l(), deliveries 

fbox inventory accumul tion, N(t), doliveries of investiment good! "or now 

fixed capital, Q(t), deliveries for resrorio de>reciated fixed capitL, 

and i(t) , exports,F~t) private consumption, G(t), governri;ent c:'i:,uriti on 

The last two teTms , Il(t) , i-rpovts and X(t) dovstic producti on, nre the 

sources of avilabili.ty of the products, 

2l5.3 Intermediate Products 

The intermediate reqjuir,3mjnts for output in each period are deter­

a(t);mined, Leontief-like, by a nutrix of input, output coefficients, 

ror t=l, -- , T .
(3.1) J(t) - act) X(t), 


Tle time subscript t of the a(t) matrix indicates that into'mnediate require­

ments may cliange ove.r time. This possi.1ity is nct'ially exploited only 

to a limited degree bE-cause oF lock of information, 

2,l4 Inventory Accu,- nlation
 

of accelerntor-typeInventory accunulat.on is determined in a sot 

a miatrix of inventory coefficients, s(t).relationships using 

for ti2, . , T
(3.20) 11(t) - s(t) {x(t+l) - X(t)), 

http:accunulat.on
http:avilabili.ty


2-16
 

(3.21) H(l) - 9(1) (X(2) - 100 X o) 

Thus, deliveries in period t for inventory are a Function of the 

forward difference of output {X(t+l) - X(t). This may be slightly prefer-.
 

able to making current deliveries for inventory purposes depend on the 

backward difference in output, ie. {X(t) .X(t-1))]ut it might be even 

better to have combined both fo ulations Production for inventor), in 

the first period 11(l) is based on the difforence between output levels in 

the second period and anticipnttd output levels in the first period. With 

OL the vector ,f anticipated soctoral growth rates and X(O) the pre-plan 

year output lovcls, si(1l-.o)X(O gives total stocks of inventories at 

the beginning of the plan, 

215 Private Cousunption 

The voctcr F(t) o.' deliveries to private consumption is related 

to aggropati; conInp ion, C(t), by a coefficient vector c(t) which define 

the proportions of sectoval consuription in the aggregate, 

(3o3) F'(t) .-C(t)C~t), t-], oo T, 

ci(t) is the amount of good i in one unit of aggregate consumption C(t) 

.n
 

and so 1- ci(t) it L The specification of C(t) thus fixes the composition
in 1 

of aggregate consumption in period to Since substantial variability in 

the composition is unlik-l)y 4n the short run, in the solutions of the 

Target and the TraInsit Models c(t) is kept constant for all thI periods 

of the plano At low levels, of income and under the still powerful influence 

of tradition there is -relatively little substitution, particularly amonp 
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such grossly defined sectors as those used here. The Indian market basket 

of consumption goods, like that of other countries at such low income 

levels, is relatively simple and dominated by staples. While the income
 

and expenditure elasticities of consumption for metal or plastic items may 

be quite high, they are consumed in such small. quantities that their fraction 

of total consumption is not likely to change substantially within five years. 

It would be particularly mistaken to believe that such products would be 

substituted for staples if the latter goods should become relatively scarce. 

In any case, the formulation of the problem with fixed consum'rtion pro­

portions is not meant to be a permanent commitmento The proportions can be 

changed exopenouslv from solution to solution to study the effects of 

alternative composit ions. 

The sectoral proportions of consumption are determined by consumption.
 

expendituro elasticities in the Cuidepath and Guidepost Models., The latter
 

modification could easily be introduced in the 'rpar,.t and Transit Models
 

as well and was not rninly because it iould hate littl t,.ffect on the
 

general character oF the .;olurions. N!either fo-raulation really satisfies 

the goal of .akinr. the consraiption composition responsive to relative 

prices and, thus, to rolative scaicities. With additional computational 

requirements the consumption proportions could themselves be allowed to 

vary within specified limits and the optimizinp mechanism ,;ould then choose 

the set of limits which permitted the greatesot total of consumption goods 

to be produced, Or only the minium aourts of each type of consumption 

could be specified and the solution would decide in which types of con­

sumption goods production the limits would be exceeded and relative 

specialization would occur Thoe latter procedure is likely to lead to 
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concentration on Services beyond the minimums since this sector is by 

far and away the easiest to expand, So a combination of' these latter 

two approaches might be =o3e desirable than either separately. Still 

none of those methods makes the sectoral consumption levels fully re­

sponsive to relative prices, A utility function which includes the 

possibility of substitution nonfg sectors would do so but empirical in­

formation on cross elasticities is ]acking0 While not major problema 

as long is the sectors are highly ap rcpnted as in the computations to 

follow .t would become nore important to simulate pri.ce,.substitution 

processes perhaps by the devices desc;.ibed when the sectors are sufficiently 

disaggregated to make such substitution meanigful. 

2.1.6 Covernri ct Consumption 

Thc requirumenlts for government's constmption from each sector in 

each period are specified exogeously, If G(t) is the vector of govern­

mont consumption In period t, then 

(3,4) G(t) - C M, ,.T for t)l, 

This exogenous specification is not copletely justified Government 

consumption is not independent of the level and growth rate of output, 

either on the demand side or supply sico. Education provides a good 

example of thi.. interdependence, Private demnnds certainly rise with 

income and the government responds b), tring to meet the demand even 

though much of the demand can hardly be considered an increment to pro­

ductive capacity, On the other hand, government engineering colleges 

provide additional scarce inputr without which the system woule not run 

nearly so well. Similar observations cnn be made about government health 



2-19
 

services. We do not attempt to introduce these considerations into the 

model by relating governnent consumption to other variables. 

20107 	 Exprts 

E(t), the vector of exports in period t, is specified exogenously
 

(3,5) E(t) a P(t) 0 	 for tul, a.., T, 

However, exports are not truly exogenous, since except in extreme cases
 

they depend on do-mstic prices which in turn depend on the level and com­

position of output. This sophistication is beyond linear models. 

2,1.8 	 Capacity Restraints 

Those. ensure by Penns of the diagonal matrix b of aggregate capital 

output ratios that output in each sector in each period does not exceed that 

producible with the fixed cpital in that sector available at the beginning 

of that period. 

(4°0) b(t)X(t) : K(t), 	 for tul, ... , T, 

K(t) is the vector of fixed capital available at the beginning of period t. 

A different 1 matrix might be associated with each specific vintage 

of capital but that is not done here. 

2,1.9 Investment R~euirevents 

Ih total capital in each sector, represented by an element of the 

vector K(t),, j a coipoite comiodity with a fixed composition. This 

composition is de£ff.icd by a proportion nmtrix p, in which element pij 

represents the good i held as fixed capital by sector j per unit of 

composite fixed capital KjY
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Sectoral capacities may be increased in any period t by the delivery 

of additions to cnpacity, Z(t). These increments of capacity, in turn, 

are formed by deliveries of output from the sectors which produce invest­

ment goods. The deliveries are in fixed proportions and with fixed tine 

leads of one, two and three periods prior to the completion of the addition 

to capacity. The amount of Z(t) which must be furnished by each sector in 

each period is determined by the three investment lag proportion matrices 

, p"s 1"' .The coefficients, %, p", pt". , in these matrices indicate 

the proportion of the total increment to capacity in sector j in period t 

which must be supplied by sector i in periods t-l, t-2, and t-3. Thus, 

the total amount of deliveries of investment goods in each period is 

(5.0) N(t) a p'Z(t+l) + p"Z(t+2) + p"'Z(t+3) , for tal, C.o, T. 

The assumptions of fixed proportions and time sequences which we 

have made in tho relations which describe investment formation are not 

completely accurate descriptions of reality. In particular, since the 

output of each sector is homogeneous it would be possible as an alternative 

procedure to make capital-in-process non-specific and to indicate only the 

total contribution of each capital goods sector to output, This would 

allow investment goods to be produced in advance of the actual increment 

in capacity whenever the model decided it was most convenient. The latter 

formulation would provide for flexibility in the sequence of capital
 

1 The matrices p', p" and p"I have a simple relationship to p
 

+ h+ P pIJ'" Pij being a p 1j I -ij* 
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formation making it possible for the model to stretch out the lags beyond 

the specified minimur lags if it is preferable to do so. This, in turn, 

would undoubtedly improve somewhat the overall performance of the nodel 

solutions, It would require, hoi'ever, n more careful accounting of the 

production of capital poods by each .ector, its moverent into use or into 

an inventor, or "unfinished cn-acity" xid it.; wifrhdoa,,l from t,nt inventory. 

That would, in tuuj, increa.e the numaber of restrintSr Since the model is 

likely to use the additional frecdom only in ihe ini tial periods, the 

additional corputationnl burden was not considored uorthwIP le. Morovor, 

if the rodel. were giv,- -his nddition!) rv'ador .n sche dulini investmen, 

it wo41.d use it if-' at by totzllv iltrruptin . C n , in screP.!1, 'n'.tlf 

year:, Since there ar costs to such a corampet intorruption which are 

not casily accounted for in a linear Framework we chose not to perait Lhis 

freedon 

2o . * 10 I)e rciat'±2 Cani. 

Real depre:.tion dep.rnds on the pla:s;sae of time in. this model 

rather th~m tfl: xnto r' use.. The depreciation p,-ttetm.l cho;i.ji is the "one 

hcss sha\" t a,'OF cau1-: of tn1 *.. .cide For sir .p i t.v rind the limiti­

tions of inormi:e Sirice lifeti-)Es of plan-it ;, ,ntdpmeit arm chosen to 

bee rLspective!j", th rt, -,--re* and Vtemty ytr! , i '; ap',:lrance o 

productive ca5ac itv throug-,h ',rci uti i: ecpenous~y-- t, t.ermin't in 

full for t,.,orvy-'ay r and ii oart For thi rt en rore years 

The crg ~n ori ;i util i.. sector i whic)h, wears out in sector 

j Js Dij (t), '- totvi de,,r',cinted carital in each sector inl each period is 

then Dj=Fi i.j(t) -ind for all sectors 

(S) tfor n.), tal, -0 

http:cho;i.ji
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2.1.11 Depreciated Capacity
 

The different lifetimes imply that plant and equipment depreciate
 

This, in turn, provides the opportunity for
in an "unbalanced" manner. 

restoring capacity by an unbalanced production of capital of the plant or
 

equipment type. Since the components of the capital stock in each sector
 

wear out at different rates the capacity which is immobilized by the do­

preciation of the components must be computed. The depreciation composition 

matrix r is defined with element rij - ij/ j , 'Men multiplying Dfl(t) by 

r1 j/pij the amount of capacity which would be lost due to depreciation of 

each coronent Dij(t) in sector j is computed,, Tle actual amount of 

capacity lost through depreciation in sector j is the largest loss du9 to 

the wearing out of any component and is determined by the maximum of 

D r- /Pljf 2j/P'2jP ...Prnj/pnj). Therefore, the diagonal matrix d 

can be formed whose element d F Maxinuri (r / r ' n 

The capacity lost through depreciation in each sector is, therefore, 

(5.2) V(t) a [diD(t) , for t-l, -00 T+3.
 

2.1.12 Restoration Requirements 

It is up to the optimizing mechanism to decide on R(t) the amount 

of the capacity lost through depreciation which will be restored The 

model may, in fact, decide to restore only part of that capacity, This is 

likely to happen only when the pattenis of depreciating capacity are 

substantially different from the proportions in which capacity is desired 

in the future, 

The deliveries Q(t) from each sector for capacity restoration, R(t),
 

are assumed, like new capital formation, to require up to three periods. 
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So the deliveries for this purpose in any one period look three periods
 

ahead
 

(S.3) 	Q(t) - r'[d] IR(t+l) + r"(d]' R(t*2) + r"' [d] 1R(t+3), 

for tal. o, To 

where r', r" and r'" are restoration lag proportion matrices similar to 

p', p" and p"' . r.. indicate the proportionsThe coefficients r! and r".11 


to
of the total capital replacement due in period t in sector .,#-i, 

restore cnaacity R(t) which must be supplied by sector i in periods 

t-lo t-2 and t-3o
 

2,1.13 Capital Accounting Relationships
 

the manner in which capital is created, depreciates
Having descrihod 

and is replaced, the accounting relationships for capacity in each sector 

cma now be written as 

(5.4) K(t+l) e.X(t) + Z(t+l) <-R(t+I) - V(t~l), 	 for t=l, .o, T+2.
 

that capital available at the beginning of period t+l,This merely states 

K(T+I) cannot be greater than the capital nvailable in the preceding period 

less the capacity depreciating in period t plus the new, completed additions 

to capacity plus that part of depreciated capacity that i..rertorLdo Since 

both the restored capacity R(t+l) and n.1cw capacity zt-4) can be zero, 

this permits docunulation of capital to the extent of V(t~l)o 

Ie have nssumed in this formulation that if capacity is to be restored 

when any component of capital depreciates the restoration must take place 

in the same period in which the depreciation occurs. This means that even 
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undepreciated components of capital are lost if restoration is not carried
 

that period..
1 

out in 

2.114 	Restoration Ceilings 

Since a unit of capacity can be created more cheaply by restoring 

a worn out corponent 'than by supplying the entire set of components of the 

composite capital, the model has; to be restrained from restoring in any 

period more capacity than that which is depreciated. 

(6.0) R(t) : V(t), 	 for tol, '.., T+3, 

2.1.15 	 The Balance of P yents Constraints 
n 

The total amount of iiports, K ,Ii(t), in each period is limited 
i~l 

by the availability of foreign exchange° This in turn depends on the total 
n 

amount of expol'tsi Fi(t),, foreign aid f'om government sources, private 

f3reign Investmeint anti wltever changes in resorves will be tolerated. The 

lattor three componnt.s, lumn-ped '-og.r-her, are specificd rxogenously as A(t), 

The balance of pnyments constraint becomies 

(7o0) 	 vt.3(t) : ACt) * 'uE(t), for t=l, .o.0 T 

where itis a unit row vector [, 1,1,#]oo 


I It would be possible to avoid this liiting assumption by changing tho. 
constraints (6,0) on rostoration ceilings, described next, to 

t t 
F n(t) 4 F V(t), tTl, T3°9 
tol tvl
 

This would provide the freedon to restore depreciated capital in any period
 
subsequent to its depreciation.
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2.1o16 CO.M.ition of tmjorts 

The next step is to provide for the allocation of the total import 

potential anoipg the various sectors, First of all, some sectors such as 

construction ard electric power generation are. not allowed to import at 

all so the import torms in those sectors are set at zero. Secondly, in 

each period sorme imports are non-cozpetitive in the sense that those are 

goods for internediate as well as final use for which no domestic capacity 

exists. Non-compot itive imports in this way complmenrit domestic production. 

Strictly spoaking, accountinR for these iports requires creating a separate 

sector for each type, Rather than do thntq the vector of non-.competitive 

imports,, '(t), is defined here as import requirements which are related 

to output levels by fixed coefficients and which must be satisfied before 

other impor s sre allowed,, '!"(t) can be classified without reccurse to 

special devices in their corresponding domestic sectors, Total imrorts in 

each sector are the sum of the two types. 

(8.,0) M(t) a M'(t) - M'"(t), for tzl, o0o, T. 

Non-competitive imports are related to domestic outputs by the diagonal 

ratrix ml (t) of fixed import coefficients so that 

(8.1) M'(t) = m,'(t)X(t), for t-l, 1.o, T. 

This simple treatment of non-,competitive imports does not permit 

planning of import sub.stitution programs. However, we believe that for 

planning import substitution program a much more disaggregated sectoral 

"lassification is -required then the one we have used, Tt would be desirable 

to make the import coefficients functions of the existence of domestic
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capacity but this would introduce non-linearity into the system. However,
 

non-competitive import coefficients can be changed period by period to
 

take into account the planned programs of import substitution°
 

2o1.17 Competitive Import Ceilings
 

Equation (8.1) has the effect of determining the minimum amount
 

of imports necessary for producing the domestic output X(t), Once the
 

1

minimums are satisfied, the remaining foreign exchange should be user

where it is most valuable, and the creation of domestic capacity depends 

on this use. Copetitive ilports make use of whatever foreign exchange 

is left after non-compstitive irports are satisfied, 

While non..competitivo imports are coiiplenonts to domestic production, 

competitive imports, W"(t), are substitutes. 'heir anounts are determined 

by the modol solution .ubitct to the nvrilability of f'oreipn ,xchangc, In 

the absence of diminishinp returns the :odel soluticn Would specialize 

competitive imports in only a few sect-rso This would unduly restrict 

domestic capacity fornation in these sectors. To avoid this possibility 

the maximum usage of foreign exchanga for competitive imports is stipulated
 

for each sector in
 

(8.2) M"Ct) : m"(t) [ACt) + -qE(t) - iM'(t)], for tl,, o.o0 T. 

whore the vector of coefficients m"(t) is exogenously prescribed so that 

m.(t) > I. This gives the model some leeway in allocating foreign 

exchange to competitive imports. The formulation also has the advantage
 

of recognizing the political and administrative obstacles to drastic
 

reallocations of foreign exchange resources from period to period. The
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inequality in (8,2) may be interpreted as reflecting this renlistic linira­

tion. In some of the solutions, however, the constraint in (8,2) will be 

to unity so that the model hasnullified by setting all the in"equnl
i 

complete freedom to allocnte foreign exchange for competitive imports.
 

2ol 18 Initial Cpital Stock and Capital in Process 

Events within the plan period are related to what has gone before 

a number of the relationships In
and what cop-es after as can he seen in 

the cpacity restrnints in (4,0), for example, the capital stocks avail­

the plan period must be known, Fquation (5.4) alsoable at the outset of 

indicates the need for somehow determining the levels of capital in process 

at the beginning and end of the plan, In tho Bnsic Model core we need 

only add thc description of how --ho model is started, 

The capital stock availablie t th. bejpinving of the first year of 

the plan is 	 ...... than that which produced the output of the pro-plan 

available by
period sine dditioni jvestZ.,ant' rill naturv and becone 

the end of thr pre- plain period or befinning of the first plan period, It 

is this latter capita! caplc1,y which is the initial capacity for the plan,, 

In addition, the investment vndertr1,Ken .n the preoplan period to mature 

specified. Alternatitrely, thein periods two and three rust -iso be 


Tmximni5 gross incre;ents in capacity .hic. can be delivered in periods
 

it is rigidly linked to pre-,phan invest­2 and 3 can 	 bn stipuilted since 

does not commit the solution to the completion of the projectsment. This 


the plan period; that is a inattor to be decided by the
started before 


optimi-at.oni procedure,.
 

inforration
Tiese initial conditions should be based on empirical 


available lefore the plan begins, Practically, however, no information
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h1gs bee nvailublo to us as to the arioun'cs of uncompleted capital in 

process at the beginning of each plan period, Even though the Third Five 

Plan refers to projects started during the Second Plan to be completedYear 

during the lird Plan, the information in the plan is not sufficient to 

estimate either the sectoral corposition or the degree of completion of
 

such projects at the beginning of the Third Plan. Similarly adequate in-, 
publicly
 

formation is not/available for the Fourth Plan period 

It would have been possible to estiimiate the capital stocks available 

during the first three periods of the Third Plan from the output levels 

achieved in these three years, Yet our objective is to simulate the 

planning process as it is confronted before the beginning of the plan,, 

Consepiuent3y tho initial conditions are estimated by assuning that in 

h- been projectedthe pi'e-pln.; p.riod for Onch sector - growth rate, O, 

for the creation of canital. The initial conditions thus become: 

(m°) KC1) u b(l)(CT.% x(o) 

(9,10) Z(2) + R(2) b(2)(I *o)oCX(O) + V(2) 

'O)
(9oll) Z(3) + izp) b(S) (I o "%V(3) 

where 04is a diagonal riatrix of sectoral growth rates 

2. 	1,19 Torminal Rqtiuirements 

The optimun short run plan would be a detailed working out of a 

longer plan which ombodied the distant as well as current goals o.f society. 

Making longer nlats, howievnr, roquires infornation which the future hides,, 

Analytical and computaional problems force tle, truncation of the planning 

period. The choice of the plan period, however, dapends, amonp other
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factors, on the uncertainties associated with the future. 
 In Chapter S 

techniques will be presented of making and coordinating long and short
 

plans. In this chapter we consider only the conventional five year plan
 

period.
 

Since our objective function is a weighted sum of aggregate con­

sumption within the plan years, terminal requirements have to be sot up
 

as constraints in order to roflect the goals of the post-plan -Future,
 

Alternatively termn.Inal conditions have embodied the
could been in objective 

function. Current economic policy decisions should reflect the roality of 

an unbroken chain of economic relationships lending from the past into the 

future, The stocks of fixed capital, of inventories and of capital in
 

process 
are *he only links in that chmin in our models. Specification of
 

these stocks at th end of 
 he plan period determines the future alternative! 

which are available to the economy. 

In general then the te'rminal requirements have to state the desired
 

minimum levels of these stocks:
 

(10o01) K(T,.1) 2 K>+ 

(10.02) KCT.2) . 

CM003) K(T+3) 2t K(T 3)0 

and
 

(10.1) s (T)X(T+1) atX (T+1). 

SS
 

where X
irTp) is the vector of stocks of inventories t the beginning of
 
the firs't post-plnn period, T+1, Loe. at the end or' the plan.
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K(T+I), K(T+2), K(T+3) and X5(T l) are prescribed in two alternative 

ways in the Target Model and the Transit Model. 

2.2 The Target Model
 

In this model the levels of the termi.;al stocks are specified
 

exogenously. Neither the methods of determining those particular levels
 

nor the reasons for desiring them is the concern of the Target Model, It 

merely investigates the allocational implications of the targets for the 

plan period. In genera K(Tfl), K(T+2), K(T+3) and Xs (T+I) will have 

capital in process at the end ofto be specified, 'Me required mini.un 

period T is dotermined by K(T+2) and 1(T+3) because of the assumed lap, of 

up to three periods between investrmnt and maturity of capital. Alter­

in terms of X(T)Onatively the levels of torinal stocks may be defined 

the levels of output for the te-ninal year which are set as targets as, 

for exanple, in Indian planning. 

Since there are no post.-taominal conditions explicit in the speci­

fications of X(T) it is necussary to project some in order to operate 

the model. The assumptioli adopted is simply that each sector grows 

post te-r0innl) C nnl. sectoraI rater ,which impliedalThe IgroIWth o. is 

betweon X(T) and X0), We obtain K(T-I), K(T-.2) and K(T-,-3) fron X(T+1), 

X(T+2) and X(T-3) using the diagonal mntrix, b, of capital output ratios, 

That is: 

(11.01) K(T4l) 2b(T)[I o.]X(T) 

(11.02) K(T.2) >.b( 7 )[I +o] 2 X ,( 

(11.03) K(T+3) a b(T) [I ori 3 X co 
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and 

(11.1) s()XOT I) 2s(T)(I +c1)() 

With these terminal conditions added to the Basic Model core, we
 

have a model which can be used to investigate the implication of a set of
 

Plan targets. The solution calculates all the direct and indirect require­

ments implied by the targets, if at all feasible, allocates resources to
 

their production. and simultaneously distributes the use of resources
 

over time in such a way as to maximize the discounted consumption in the
 

objective function. If the solution indicates the targets are not feasible,
 

no allocation of resources can be found to meet them. If the targets 
are
 

feasible, no other allocation of resources will reach the targets and
 

produce a larger value of discounted consumption.
 

To reduce the number of restraints for computation purposes all
 

the equalities are substituted into various inequalities. Table 2-3 shows
 

the final form of the restraints as they were programmed for the computer 

as the Target Model. Table 2-4 shows the Tableau of the Target Model.
 

In the tableau the dual relations are clearly seen and provide a useful
 

reference in interpreting the shadow prices.
 

2.3 The Transit Model
 

This is a short-term model covering the conventional planning
 

period of five years like the Target Model. In this case, however, the
 

model has more freedom in that it determines its own targets from the
 

specifications c'a the exogenous uses of output and growth rates, The
 

technique used for this purpose is a variation of that presented by 
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Table 2-3 

The Target Mlodel Constraints After Substitutions
 

(1) Objective function
 

(1.0) 	 Mvaximize: VI1 C(t)
 
tul (l+w)t-I
 

Subject to:
 

(2) Consumption growth constraints 

(2.01) -C(I) : -(1 +,(0))((0)I 

(202) -C(t+l) + (1 +e(t))C(t) S 0 	 t-9 o,*, T-I 

(3) Distribution relations 

(3.01) [a(1)-I-m'(l)]X(l) + s(1)X(2) + p'Z(2) + p"Z(3) + p"'Z(4) 

+ r'dI R(2) + r"d 1 IR(3) + r.' d- R(4) + c(1)C(l) - M"(l) 

_ s(I) [I ,%]X(O () - G(1), 

(3.02) [a(t)-I-mn(t)-s(t)]X(t) + s(t)X(t+l) + p'Z(t+l) + p"Z(t+2) p"' Z(t+3)* 

+ 	 r d I1(t+l) ; r"d- R(t+2) 4- r' d-lR(t+3) + c(t)C(t) - M"(t) 

.- M(t)- C,(t) for t=2, .o., Ti-, 

(3.03) [a(T)-I-n'(T).s(T)]X(T) - p'Z(T l) + p"Z(T+2) + n"'Z(T.3) 

+ r'd-IR(T+]) c r"d 1 (T+2) + r'" d' ll(T+3) + c(T)C(T) - N"(T) 

<- i(T) - G(T) - s(T)(I X(T)# 

(4) Capacity restraints 

(4.01) b(1)X(l) < b(1)(I +%)X(o), 

(4.02) b(t)X(t) - K(t) : 0, 

(5) Capital accounting relations 

(5.01) K(2) . Z(2) -	 R(2) E b(1)(I +*)X() - dD(2), 

(5.02) K(t.l) - Z(t+l) - R(t+l) - K(t) 5 -dD t+l . for t-2, o, T-1, 
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Table 2-3 (continued)
 

(5.03) -Z(T+I) - R(T I) - K(T)!_ -dD(T+l) - b(T)(I 	+o )X(T), 

(5.04) 	-Z(T 2) - R(T+2) - Z(T+l) - R(T l) - K(T):S -dD(T~l) - dD(T+2) 

- b(T)(I 0d2XT), 

(5.05) 	 -Z(T 3) - R(T+3) - Z(T+2) - R(T+2) - Z(T+I) - R(T+l) - K(T) 

S -dD(T+l) - dD(T+2) - dDCT+3) - b(T)(I +%)X(T), 

(6) Restoration ceilings
 

(6.0) R(t) _ dD(t), 	 for tm2, ao, T+3, 

(7) Balance of paynents constraints
 

(7.0) -'(t)X(t) 4 iM"(t) 1_At) + 4E(t), for t=l, o.., To 

(8) Conpetitive import ceilings
 

(80) [m"(t)iF "(t) + i(m'(t)X(t) < ACt) + ?E(t), for tal .o, T,, 


(9) Initial capital in process restraints
 

(9.01) 	Z(2) + R(2) < b(2)c4o(T 4.()xc(o) + dD(2), 

(9.02) 	Z(3) + 11(3)_ 1,(3)o,.(I x.)2 -) 4 d2-.). 
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TABLE 2-4 
TABLEAU FOR THE TARGET MODEL 

Vrbles
Constraints 

X(t) C(I) M'(1) X(2) 
______ 

C(2) M"(2) K(2) Z(2) R(2) X(3) C(3) M(3) K(3) Z(3) R(3) X(4) C(4) 

(1) Objective 1.0 (w)- 1 ( )-2 (w)-3 

(2) Consumption 
Growth 
Constraints 

1 
2 
3 
45 

-1 
(l+p) -1 

(p) -I 
(l+p) -1(I+p) 

(3)Distribution 
Relations 

I [a.l.m'] 
2 
3 
4 
5 

Icl 411 Is] 
[a.l.m'.s$ Icl -[I] 

(p,] ([d]dl-I 
Is] 

(a-l-m'-sI Icl -[I] 

(p 
(p'] 

[(][d]1-
[r'Jd]- 1 

(I
[a-l-m'-s] Icl 

(4) Capacity 
Restraints 

I 
2 
3 
4 
5 

[b] 
[b] -[I] 

(b) -(I] 
[b] 

(S Capital 
Accounting 
Relations 

I 
2 
3 
4 
5 
6 
7 

[I] -[I] -[I] 
-[I] [I] 

-[I] 
-[I] -[I] 

(6)Restoration 
Ceilings 

2 
3 
4 
5 
6 
7 
8 

(I] 
[I 

(7)Foreign 
Trade 
Balance 

I 
2 
3 
4 
5 

um' u 
um' u 

um' u 
um 

(8)Competitive 
Import 
Ceilings 

I 
2 
3 
4 
5 

W' ['1 
um' [m")­

urn (taP! 
urn' 

(9) Initial 

Capital in 
Process 

21[] 
3 

I 
[I] [I] 



M"(4) K(4) Z(4) R(4) X(5) C(5) M"(5) K() Z(5) OR(5) Z(6) R(6) Z(7) R(7) Z(8) R(8) R.H.S. 

(pll 
o-Ir-4 [I~]-~I-~bs1(+oXO 

10 

[-r( (d-d 
[p'] [-'][d]-I 

L"] 
[0'I [ 

! 
[e-d[lII "ld]-: -

io- -[dlE()-[bILG 
-L -[Ir) 

TM(2) 

a-l-m'-s-] 
[.'1 If'lid]-! 

-[ [ II[d I] I")Id]- 1[pd - I -[r(Id - l 
<-[.!- E I-

C )I-Ed 
L(Isl+o X ) 

( 1)- s(6)[I"1]x (-' 

lp~~ I0(3)ll -[d- 0 
<1 0 

5 -[d) Q2I4[b]Ii+-o]' ) 
<- [dil5 -[d] +']XD(3) 

[ - -5 -[dl 0( 

- [I]-- I - I< -I]]](] -[dl 6)- [d] D6(6)-(b)[l ,r-TI"U5) 

-[I] ' -[] - I] - I] [I] [I] -[I] S--I I] [1) -[-df-d1D(-l I-b]11+"12] X(5+ u f-_<. [ TG)-[d]0'7)-[d]O-B)-[b|[l1,4 ] (5 

S Ed] 6 (2) 

r] S (d) E 

[IS [d] D(7) 

[1) Ed)3 " (3SS [d] 0(8 

_ A-) + u E) 

ur< 
um, u5AM+uE 

_ A( 
A() 

+ uQ 
+ uE(5) 

M<(T)+ u ( -5 
Q-2)T+ u Of 

_A7(T+ uQIT 

II umn' -F5)Km- + u C5 

< [dl ff?7] +1b][-ol [I +-o] ?~ 
_ [d] " +[b(.,l[i+-ol2 1 
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1 

Chakravarty and Mtckaus and by Stone and Drown.
 

In this model terminal conditions are provided which guarantee the 

achievement in the post-terminal period of exogenously specified growth 

rates of deliveries for private consumption, replacement, government 

of theseconsumption. exports and imports from the levels and composition 

in the last year of the plan. The fixed capital capacitiesdeliveries 

and inventory investment consistent with these stipulations are deduced.
 

The level of aggregate consumption C(T) and the composition of imports
 

M(T) in the last period are endogenously determined by the model. Conse­

quently the levels of terminal stocks are themselves determined as part
 

of the solution of the model, If the minimum level of consumption is 

also specified by means of the zonsumption growth constraint and a pre­

scribed C(O), then a minimum ',ost-terminal consumption level and growth 

rate is stipulated for the post-terminal period as well. While it is 

desirable to allow the ca,,osition of imports to be determined by the 

optimizing mechanism dn!ring the plan period, this mechanism does not work 

in the post-plan per'ode Thus, it becomes necessary to provide some basis 

for extrapolating &he composition of imports and in this case it is taken 

-to be the impo . levels of the final plan period. 

Again ,hree post-terminal periods must be accounted for because 

of the thr'e period gestation lag in investment. The presentation will 

initial>' assume a constant post-torminal composition of consumption by 

adopting the same growth rate for use in each sector. Thus with post­

terminal growth ratest 0, 6 #, 4 If . for consumption, replacement, 

1 S. Chakravarty and R. S. Eckaus, "An Approach to a ultisectoral Planning 
Model," in Capital Formation and Economic Development, P. N. Rosenstein-
Rodan, ed., Cambridge, 1964 and R. Stone and A. Brown, A Computable Model 
of Economic Growth. 
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government, exports and imports respectively from their levels in the
 

terminal 	periods, we havo 

(12.Ol) 	 FCt) F(T)(l + )t-T 

t T (0(12.02) 	 G(t) C(T)(I + ­

) t T(12o03) 	 F(t) 1"(T)(1 * - for t ? T 

t(1.2.04) 	 D(t) D(T)(I +S) -T 

(12.05) 	 M~t) M,IT)(l */o) t-T ,/ 

With these ,assumptions the distribution equation in the post-.terminal 

periods become 

(12. 1) 	 X(t) w a(T)X(t) + (s(T) 4. b(T)p') [X(t)4, 1) (t) 

+ b(T)p1" 	 [X(t.:.2) x(t,-)] 

+ 	b(T)p"' [X(it+3) X(t4.2)] 

-~ t Tti'(Iy~ tT 	. 1 T(T)(-') T + -)(T(j+5)+ F(1) (1+0) T T)(+F 

I(T) (l+4)'T 0 for t > 'r 

The rost,-terninal output levels cnn then bt found as a particulnr solution 

of the distribution equaitions (12.1). 

t - T 
(13.0) X(t) 	 (TJ0-(T)p"(T (1+ ) 0-b(T)p' ([a(T.(b(T)p'T)(T)(1+0)2f 	 0 1F(T) (1+0) 

+ [I-a(T) (b(T)-' (T) +s(T) )Y, u (T)p"(T) (l+I -b(T)p' (T) (1+Y) 1 -T (1+ ) tT 
2 - (-.) t~. 

+ 	 [I.-a(T) ( ((T)p' (T', +s(T) ) , (T) () '1+6)0 -h (T)0" f'T) (1.6) 61 -. (T) ( 14.6) t- T 

(1-aCT) ~~ )55 ~ ~ ~ ~ 'S)~~2(. 61 .- J'i +>>t~'(2 ~ 4.(T9'T S.b)fn 

[ I,()- (b (T) pt (T') s (T))-.b (T)1p" (T) ( ],c. b(T) p CT)o"(1 ,,q) 2,, ] .-1 ,(T) T+3, T 

for t!2T+l, T+2, T+3. 
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From which using b(T) and s(T) and defining
 

q* 9 [I-a(T)-(b(T)p ° (T)+s(T) )3 -b(T)p"(T) (l )7j-b(T)p"' (T) (l y4)2?], 

for 7.. 0 Y , 6Y 

the terminal requirements for the Transit Model are obtained. 

Terminal capital stocks:
 

"1 

KCt) ? b(T)q F(T)(l+ )t-T
(14.0) 


0
 

1
I (I+*t-T
" b(T)q'


i (l+e)tT" b(T)q;145 


1 	D 5(I+ )t.-T" 	b(T)qcI
 

b(T)q I ? 4!(T)(1tq)
, 	 for tvT+1, T+2, T+3 

and
 

Terminal inventories
 

(14.1) s(T)X(T+l) = s(T)q- F(T)(I+0)
 
0
 

+ 	 ( -l (-TI 

+ 	s(T)q Ii(--(l+1) 

+ s(T)q' D.T)(C+ ) 

. s(T)q/- I 1/)(1)(lT) 


Again, the equnlitiss are substituted into the inequalities and 

the final form of rest-nints progrlamniod as Transit Model is shown in 

Table 2-5. The correspondinp tableau is given in Table 2-6. 
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The assumption that in any one use all sectors grow at the same 

rate can be easily dropped. In the general case the growth rates 0, 

S)Y, C , and/4 may each be vectors of growth rates, TIle solution 

as a result only becomes somewhat more tedious than before and in fact, 

(12.0) could be reinterpreted for this case. [nch of vectors F(t), D(t), 

G(t) j E(t) and M(t) can be represented as a sum of n vectors each with 

its own 	scalar growth rate, e.g.
 

FI(T) 	 0
2(T)
FIT0 


10t-T + 0 1 )t-+00F(t) 00 	 0 
00 

00 	 o 0 

00 

( 	 t-TFP(T) t-T 

TIhen one would just evaluate equation (13.0) n times taking each of the 

n terms of the above representation in turnl Dropping the equiproportional 

growth rate assumption permits the exercise of discretion as to possible 

for the various sectors"variation in the post-terninal growth rates 

outputs in their different uses° 
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Table 2-5 

The Transit Model Constraints After Substitutions
 

(1)Objective function
 

T C(t)
 
(1.0) 	 Maximize: • Ww -_
 

tal (lw)t-I
 

Subject to:
 

(2) Consumption growth constraints 

(2.01) -C(l) < -(l *p(O))C(o) 

(2.02) -C(t+l) + (1 4. p(t))C(t) :_. 0, 	 t-l, T-i. 

(3) Distribution relations 

(3.01) [a(l).-I.n' (1) X(1) + s(1)X(2) + p'Z(2) + p"Z(3) + pI' Z(4) 

+ r'd 1R(2) + r"d 1R(3) 4 r"'d R(4) + c(l)C(l) - N1"(1) 

:S sM1 [I + 0(lx(O)) - .(]) - C,l), 

(3,,02) [n(t)-I.m'(t)-s(t)]X(t) + s(t)X(t+l) + p'Z(t+l) + p"Z(t+2) + pI' Z(t+3) 

+ rd- IR(t+l) 4. r"d IP(t4-2) € r"' d IR(t+3) + c(t)C(t) -"(t) 

<-I*(t) - G(t) , for t=2, ...I T-lg 

(3.03) [n(T)-I-m'(T)-.. 	(1)]X(T) + p'Z('r+l) + p"Z(T+2) + p"Z(T+3) + r'd'IR(T+l) 

+ r"d 1R(T+2) + r"' dIR('+3) + [c(T)+,s(T)oi (1+I) d(T) ]cr(T) 
- [I+s(T)ql (1+,u)]"(T) - s(T)q I(I+/')r-'(T)X(T) 

.-E (T) 	 1-)q ) - 'F(T)(1+E)-(T(T -	 s(T)q 

- S(TIq 5 l)(Ti+S) , 

(4) Capncity restraints 

(401) b1)X (1)< b(1)(1 +o X(0),
 

(4,,02) b~t)X~t) : K~t) :5 o,
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Table 2-5 (continued)
 

(5) Capital accounting relations
 

(5.01) 	 K(2) - Z(2) - R(2):5 1()( +odtXl() - dU(i2, 

(5.02) 	K(t+l) Z(t+l) - R(t+l) - K(t)_5 -dD(t.1), for t=2, c.,T-l, 

(S.03) -Z(T l) R(T+1) - K(T) + b(T)qI (l+0)c(T)(T) - b(T) l ) TX 

(+"x ..m (T X T ~1( + h ) cT 0 
+ b ()q l+,a)N"T) _<-di)(71) - b(T)q '( .) ,(T) b(T)q (1+e)EC(T)- , 

- b(T)q 1(1+ S)D(T, 

(5.04) -Z(T.2) - R(T+2) - Z(T+1) - R(Til) - K(T) + b(T)q (1+0) 2c(T)C(T) 

.1 2 -1 2 
b(T)q (l a)2m'(T)X('r) + 1)(T)q (]+.,k) 2f"(T)-< -dD(TI) - iD(T.2) 

- b(T)q( (1+X)2G(T) - b(T)qG (1+F)2. -T).2 b(T)q1 (1+8 21)(T) 

(5.05) -Z(T+3) - R(T+3) - Z(T.2) - R(T+2) - Z(T+I) R(T+1*) - K(T)
 

b(T)q+ ~-1(+)3 cTC7- - ()-,+1(A)1 3 -1
+ 	 I(1I)3c(T)C(T) b(T mt('r)X(T) + b(T)q(1+.4 3WI'(T) 
0d(Tf -di(T2 1(+j. 3 3 ­(-1+ 	 -1 - d(--2) -dD(+3) -,b(T)q(-- +) (CTo - b(T)qcl(1+9) E(T) 

b(T)q 1.+6) 3D(T)# 

(6) Restoration ceilings
 

(6,0) R(t) < <ID ), 
 for t-2, o.o, T+3
 

(7) Dalnce of payments constraints
 

(7.0) -im'(t)X(t) + 'aII(t) _.A(t) + -LtEE(t) , 	 for tal, T # 

(8) Competitive import ceilings
 

(8.0) [m"(t)]IM"(t) + zmI'(t)X(t) S A(t) z0(t), for t-., .. , * 	 T, 

(9) Initial capital in process restraints
 

(9.01) 	 Z(2) + R(2) ..bo((I +o()X(O) + dD(2) 
2(
(9.02) 	 Z(3) + R(S) :S boe(I oj) X(O) + d[})(3--). 
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TABLE 2-6 

TABLEAU FOR THE TRANSIT MODEL 

act 
Constraints -__ 

(1)Ob)ective 

X(1) C(1) M"(1) 

1.0 

X(2) C(2) 

(1,w)-I 

M-(2) K(2) Z(2) R(2) X(3) C(3) 

(I+w)- 2 

M"(3) K(3) Z(3) R(3) X(4) C(4) 

l+w)- 3 

(2)Consumption 
Growth 
Constraints 

(3)Distribution 
Relations 

1 
2 
34 

5 

I 
234 

[a-l-m'] 

-I 
(l+p) 

Icl -[I] Is] 
[a-l-m'-s] 

-I 
(!+p) 

Icl -[I 

"(1+P) 

[p'I [t0[d]-l 

-1 

[]i 
Is][al-m*-s]Id -(I] [p'] 

[ri]d]-1 

[r'[ -1 

-

(l+p) 

Is]r*,-m'-S]IdcI 

5 

(4) Capacity 1 
Restraints 2 

3 
4 
5 

(b] 
[b) -(il 

[bi -[li 
[b] 

(5)Capital I 
Accounting2 
Relations 3 

4 
5 
6 
7 

(6)Restoration 2 
3Ceilings 
4 
5 
6 
7 
8
 

(7)Foreign I 
Trade 2 
Balance 3 

4
5. 

(8)Competitive I 
Import 2 
Ceilings 3 

4 
5 

(9) Initial 2 
Capital In 3 
Process 

(I] -i 
-[11 

-Ill 

-[I 
-[I] 

[I 

urn' u 
urn' u 

urn' u 
um' 

urn' [m] "t 

um' (r]iA 
urn' m - t 

um 

s, sq -](I A)c(T)
5sb qo-1(l+0)c(T) 

El] Ei 

qs22=Iq0- I(1+q)2 c(IT) ;
b;2xbq0-|(I+0) 2 c(T) ; 

s03,,s q0- (1+0)3 c (T) 
b 3a b q0-1(l+0)3 c(T) 

El] El] 

s si' se,s.etc. and b,,b8, bc, bu etc. are analogously defined. 



M'(4) K(4) Z(4) R(4) X(5) C(5) M"(5) K(5 Z(5) CR(5) Z(6) R(6) Z(7 RM7 Z(8) R(B) R.H.S. 

(1+w)-4 

~0 

f"][r"I [d­
p1 (rl~dl 
[p'1[r'ltl]1 

[p 
1I 

[td-
[t~]Mj [pil [eri[d]-l 

< 
s 

-­ 2 JI+so 1+0 
-E(3) -G(3) 

[ 

a.Wr1.s-sernIc~s4 (I+sd Ip'] (r I d] 1 Ipl (rIM-l 1 0"[rpl 1d11 S - -g s-,S 

(b] sEl] 

S -[d]6)b][l+-o] Xqo)
S -[d] 63) 

(Is -161-(5R) 

-[blp'] 
-(b,2m']
*4b 3rn' 

(bo]lb,1 -113-l 
NO1 Ebb]2-[1] 

[bo3] [b31-i ] -[I] 
-El] 

-l 
-[1] 
-[Q] 

-11] 
-1ll 

-[I] 
-[1] -[1] -11] 

S -[d]6?W)-b, -b 1-bg 
-[lD7?)-[dlET7)-b 1 -b12ON 

<- -[dlgl)-[d]OM7 -dU.)-b, 3-b.3-b83 

S 
S 

id] ) 
[d]6 

IIS (d 64­
(]S 

I]S 
[d]Di' 
[d] OF6 

< IV) + u i 

u~~ 
SA(3) + u E(3) 

K() + uR 
umn' u QA5) + u 

AM! + u E(ll 
- (2) + u E(2) 

(3) + u E_3) 

fm*]- 4 

urnm1n1 
< A(4) + u f() 

AM5)+ u EI51 

(d] ()bl. 0 1+oXoEd])+b(.,0l[l+_0]2 ,70) 
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During the plan period the level of imports, though not the com­

positimip is effectively determined by the specification of the level of 

exports and net foreign capital available in each period and the balance 

of paymonts constraint. By the stipulation of a post-terminal growth 

rate for exports different from the post-terminal growth rate for imports,
 

the trade grp can be made to decrease or increase in the post-terminal 

period. The post-torminal requirements -for foreign aid, changes in gold 

reserves or debt repayment all can in this way be built into the solution
 

of the modol. 

The statement of the Transit Model is now complete with the 

addition of its terminal conditions to the Basic Modal core, but.iin this 

case also it cannot be assumed that a feasible solution always exists. 

As pointed out above, if the minimum initial level of consumption is not 

prescribed, the model has freedom to determine the level from which con­

sumption growth will start while satisfying the growth constraints and 

achieving the terminal conditions, This will ordinarily he enough to 

guarantee n feasible solution. For example, zero aggregate consumption 

in each pariod would satisfy the monotonicity constraints and thus only
 

enough capacity would be necessnry in the plan and post-plan periods to
 

satisfy the exopenous demands,
 

lhaving, described the structuro of the Target and Transit Models 

it is now possible to forrm a better overall appreciation of their strengths 

and their limitations, 
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2.4 	 Comments on the Structure of the Models 

There is no difficulty in writing down analytical models which are 

%re sophisticated and "realistic" than those presented above. The diffi­

culties are in finding data with which to fill in the models, in being 

able to find solutions and in carrying out the computations. The models 

used here embody compromises on all accounts. 

lie 	believe that the principal limitations are the following:
 

(1) 	 The utility function and the production functions are 

assumed to be linear. 

(2) 	 The objective function and the constraints do not eibody 

all the relevant goals of development. 

(3) 	 Coefficients which are constant over time neglect changing 

technology and sectoral composition of output. 

(4) 	 The lag structure of investment is rigidly fixed. 

(5) 	 The treatment of imports provides only a small scope for 

the operation of comparative advantage. 

(6) 	 Labor and other non-capital factors are assumed adequate. 

Since most of these limitations have been discussed above in the course 

of presenting the models' relationsh.ps we comment further only on those 

not previously treated explicitly. 

First of all, no more than anyone else,. do we believe that linear 

relationships are universally correct descriptions of technology and be­

havior. In a general sense non-linearities and externalities are at the 

heart of development economics. While they are ignored in the models 

they cannot be ignored in appraising them and their results. There are 

grave difficulties, analytical and informational, in embodying non-linearities 

http:relationsh.ps
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in the modes which have led us to avoid thes. Literary discussions and
 

simple models can halp explore the general significance of non-linearities
 

but do not lead to detailed, quantitative results. Linear approxima­

tions to non-linear relationships would, in some cases, be satisfactory
 

devices but at this point limitations of infornation and computational
 

capacity interfero Models of the types presented here have relatively
 

large computational requirements. If used in actual planning procedures,
 

the costs of computation would be a small cost to bear but they are a 

real constraint in the present state of research, Likewise, data avail­

abilities for an independent research project are different than they 

would be in an actual policy-mnaking situation, Some information gaps are un­

avoidable, however, and planning commissions are no inore likely to be ab', 

to fill then than are research institutes° 

The production technology in these models is highly simplified, 

First of all, labor is neplected and fixed capital and intermediate inputs 

are the only re(uirements for outputs and those are specified by coefficients 

which are fixed. The coefficients do not vary with output and, thus, con­

stant returns to scale nre assumed, Moreover, they do not change with 

tire, except insofar as they are made to do so exogenously, and thus have 

no "built-in" allowance for technological chanpe, Taking up these limita­

tions in order, it would hnve been possiblp to specify labor requirements 

by types nid have these spocifictions and labor availabilities act as 

production constranints, A set of labor formation relationships would have 

to be developed and these, preferably, should embody some opportunities 

for substitution among skill categories° Except for the substitution 

features, the structures of the relationships would be a relatively 
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straightfoward affair. Computation requirements would again increase.
 

The greatest obstacles to this refinement would be in the difficulties in 

making provision for skill substitution and in the inadequacies of data. 

Labor skills at all levels have a variety of sources of which formal 

training may be relatively unimportant especially in the loss-developed 

countries in which "on-the-job' training is probably a larger component 

of total education than is fonial education. The ordinary type of educa­

t:ionnl statistics is not relevmirt and the necessary data are usually 

unavailable, Even casual observJitlon supests a wide range of relative 

intensities of use of labor of different skill levels in different 

countries, Engineer/worker and (oreman/engineer ratios appear to vary 

considerablh, (e10)tnding on relati'v wages, educational structures, level 

of industrializzation and so on, bot systenmtic dtI are lackin. Still 

thero ire countries in which the ,eneral "vailability of skills is so 

limited thtt to omit this type of constraint, even though it were 

roughly approximiated, would bt tr overlook the core of the development 

problem. This does riot appear to us to be the case in India, however, 

While the supply of professional ind sub-professional skills could not 

be said to be "idequate" t'lere i a relatively large cadre of such skills 

and a larpe and i.rowinp ,jducation:l system. Thougl bottlenecks may 

exist, for example, in 4hiie number of persons cownetF.nt to i.nitiate and 

manage large new enterpirises, pub ic nd private, that type of bottle­

neck is not easily b-'ought within the framework of models such as those 

presented here, 

It does ntt require much iragination to think of other ways of 

improving the ,';ructure of technclogy represented in the model, For 

http:cownetF.nt
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example, though capital is a composite good in each sector, there is
 

only one type of capital, i.e. one composition for each sector. Yet
 

agriculture requires implements and wells, etc., and not necessarily in
 

fixed proportions, With more informnation and disaggr ,gation various
 

types of capital, each with its o'm commodity conposition could be stipu­

lated as required in the different sectors md capital formation relations 

written for each. The computational burden would be increased by the 

additional detail and the need for permitting substitution among types 

of capital.
 

Technologic.l change must remain exogenously specified, To the 

extent that there is advance knowledge, as, for example, from project 

plans for a new plant, the new coefficients can be embodied. Otherwise, 

at this stage of our knowledge formal planning models are no better and 

no worse in taking technological change into account than other tech­

niques,
 

bhe capital formation and capital accounting relationships in 

the model could be easily improved with additional data and at the cost 

of additional computation. The pestation Dai mipht be extended beyond 

three periods and some flexibility introduced, It was pointed out above 

that the present formulation forces a rigid sequence on capital formation 

whereas in practice there is a certain ..aunt of choice, Even if this 

choice is not exercised to any great extent its potential significance 

could be demonstrated by a more flexible procedure. However, the flexi­

bility in the lag structure would be important only during the initial 

years of a plan when some of the capital poods producing sectors may 

have idle capacity. 
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At this point we can make our obeisance to problems associated 

with aggregation. They are particularly difficult in the analysis of 

developing countries as the composition of output in many sectors will 

often be changing rapidly, Still we have nothing new to offer on the 

theoretical issues or on practical procedures. 

2,5 The Solutions of the Models
 

A solution deternines the unknown variables of the model, lhese 

unknowns are the gross domestic outputs X(t), the level of aggregate con­

sumption C(t), conmpeitivn imports ."(t), capital stocks K(t), nw capital 

Z(t) and restored capacity P(t). 

For any set of values of th.n pa-rnmeters, a solution, 

if it exists, .ll lie a point in consumption space defined by 

the intersection of the binding *constraints, Variation of the relative 

weights in the objective function on consumption in each period will move 

the solution to a different point on the production feasibility surface. 

Variation of the post-terminal conditions will chanoge the s lution by 

shiftini- the feasibility suifaCe. Likewise, changes in the production 

parameters will ch'nge thr: production feasibility surface itself and 

conseqcuently the value of the maximand for any given objective function,. 

For each valuu of the viximand there is a specific cllocation of resources 

and outputs in each . ried., Thus, for each solution it is nossible to 

generate for each pifriod a detailed list of gross; output levels, imports 

and final demandr. inter-industry transactions, inves;tnent allocations 

and capital sto,:kI uses which will sustain the maximand, This sectoral 

and temporal ..ietail along with the associated set of national income 

accounts fpcilitate overall appraisal of the implications of each
 

solution,
 



2-48
 

2.6 The Shadow Prices
 

Corresponding to the allocations of "physical quantities" the
 

mbdel's solution generates a set of shadow prices related to each of the
 

constraints. These shadow prices are the variables of the minimizing
 

valuation problem which is the dual of the maximizing problem. In the
 

minimizing problem prices are found for the scarce resources, in this
 

case the sectoral capacities and foreign exchange, which exhaust the
 

value of the total product and minimize the cost of production within
 

the behavioral as well as technological constraints. These shadow prices
 

require careful use and interpretation especially since there may be a
 

tendency to identify them either with "real world" prices or with the 

prices in some other ideal competitive system which has a different 

technology and set of constraints than those of the models described 

above. There are, for example, constraints on the rate of growth of 

consumption which are behavioral or political constraints, Just as the 

entire solution must adjust itself to these constraints, so must all the 

shadow prices. For example, if the consumption inonotonicity constraint 

is binding in any period, it means that the value of the maximand could 

be increased somewhat if consumption in that period were allowed to drop. 

Consumption in some other ppriod would rise by more than an equivalent 

amount. The resource allocations would then change and other shadow 

prices on output, capital, etc. would also shift. 

From the solution of the model and its dual the following resource
 

values or "shadow prices" are determined:
 

V m Vector of shadow prices of X(t) obtained as values 
Xwt) 

associated with the distribution restraints; 
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VKKCt) Vector of shadow rentals of capital K(t) obtained as 

values associated with the capacity constraints, 

Vz(t) = Vector of shadow prices of new capital stock Z(t) 

obtained as values associated with the capital 

accounting relations; 

V = Shadow price of the consunption growth constraints;CRC t) 

V - Shadow price associated with the foreign excnanpgePX(t) 

balance requirements; 

VM,,C(t ) 0 Vector of shadow i:rices corresponding to the ceilings 

imposed on the copetitive imports; 

V = Vector of shadow price; of restorable capacity ob-PC t) 

tained as values associated with the restoration 

cei lilzws; 

V a Vector oF shadow prices of iriitial capital in processSK( t) 

obtained as values associated with initial capital in 

process constraints. 

'The meaninrg of a shadow price can be appreciated properly by re.­

forring to the correspondin, constr,,int in the duml problem. The cot,­

straints of the dual can be read frrm the tableau of Table 2-4 for the 

Target Model fron Table 2-6 for the Transit ;, by readinpg downand lodcl 

the columns, 

"lie prices associated with the distribution relations are the 

shadow prices of the outputs, iron Table 2-4 looking down the colurn 

of, say X(2), we can write down the dual relation as follows 
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sT(2) [Vx1 - VX(2) I [amlTV X(2) bVK(2) m'VFX( 2) * m"C(2) - VX(2) - 0 

V o (alue f' /l Rental " Va~u' Pen.'a y "(Shadow'~~ 

changes in] indirect of of | price for .price1 
to
i.e. inventories inputs capital + imported +)competitive of _o.

in the firstil for |to producl inputs import [ X(2) I 
period X(2) ) X(2) ) ceilings) 

It should be noted that the constraints corresponding to X(l) are 

different from the above in that they do not have any inventory term. 

For the Transit Model from Table 2-6 it is seen that the restraints which 

correspond to X(S) the o:tputs of terminal years include values of post­

terminal capital stocks. This is so because in the Transit Model the 

post-terminal stocks ire dependent on the levels of non-competitive im­

ports ' (5) and hen,.e on X(5) . 

The prices associated with the capacity restraints are the shadow 

rentals of cnpi;-l in the period of the restraint. For example, column 

K(2) in Table 2-4 or 2-6 gives us 

-v -V z 

K(2) VZ(1) Z(2) a 

( Shadow (Value Vlue 
of o~f.) rent J 

capital irnd i n~ 

n period 2 perio Iriod 

I cuperscript T indicates the transpose of the matrix. 
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Since capital services are in perfectly inelastic supply in any one
 

period the shadow prices on these services are either positive, if all
 

the capacity is in use, or zero, if it is to any degree in excess supply.
 

Since foreign exchange can always be used indirectly to increase 
should 

the maximand it / always have a positive shadow price. The shadow 

price on the balance of payments constraint reflects not only the shadow 

prices of imports but also the shadow prices on the constraints on the 

use of foreign exchange for competitive imports. When they bind these 

constraints may prevent the use of foreign exchange in the sectors in 

which it would contribute most to thu maximand,. The shadow prices on 

the competitive irport constraints indicate the value in terms of the 

maximand of an additional unit of foreipn exchange into the particular 

use,
 
balance constraints, on
 

The relation between the shadow prices on tug forign exchange / 

output and on competitive import ceilings can be obtained from Table 2,4 

by looking down the column M"(t); .p. for P."(2) we have 

-v + [i"] Iv _0 
X(2) FX(2) W"C(2) 

(Shadow Shadow (Shadow 
price price price 

or,- of + on + of 0O)output freign ( import( 
X(2) ] xcha ge2 M"(2))balance-

The shadow price on the balince of payr3nts constraints should not be 

identified with what is usually meant by the shadow price of foreign 

exchange. First of all, it is itself a shadow price constrained by all 
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the other relationships and, pnrticularly, those on the use of foreign 

exchange for competitive imports,. Secondly, by no means all of the supply 

and demand forces which in reality affect the foreign exchange rate are 

taken into accotnt in the rmdel. The shadow price also reflects the 

availability of zhe stipulated foreipn aid and private capital flows 

from all sourc-s., Thus, there is Tio easy translation from this shadow 

price on foraign resources to the shadoi, urice of the rupee against the 

dol lar,
 

rte shadow price of consunnt ion is, of course, the weight of C(t) 
l.­

in the. objective Function n':;rely (1!4) It is not simply the value of 

tne -.- that up cor,,ositt! (onsitmtion is affected by1ponen t: 1mile the but 

the consuimition growth constrints. }:ror the :O uM of C(2) in 'fable 2 .4 

wr have 

: a I*l. 
cP(2) 11(;i) X(2,)

f Value of 
andh tional 

con.SuP;t i ('I
( Value of which L Va] ue Discountwil Ihiirn 

oonard to be rv, b.( of f value
ti 2) o00 T n ( 2 

or, -meeting consumption n per iod ) •. i t- to 0F 

ngrowth constraint co,,,1;,,j,,.-tryoe o,, .,onsuwption C(2) 

o 11e(ll 


iiper'iod (2) ro ":10 in (-2) ..consunpt i(n 

gro-..th
 
coast rai. t 

(in poriod (2)
 

It may be seen from this thnt, if constaption in the objective function
 

is discounted, the shadow prices on output also eimbody the discount rate,
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The shadow price of new investment in a sector does not reflect the 

usefulness of the capacity over the entire future but instead it reflects 

the cost of the now investment in terms of discounted consumnption over 

the plan period. It should be noted, however, that all the shadow prices 

are affected by the post.-trminal conditions imposed including those of 

the inputs required to produce the new copital. nie dual constraint 

corrosponding to colurmn, say Z(4), from Table 2-4 is as follows: 

[p']T + [P"]TVX(2) l "]TVX() - VZ(3) :0­

(~Vlie
 

or (Cost of inputs]. W314~ o
 
cani tra 1.
 

The shadow prices aro no worse and no bettcr a part of tht solution 

than are the real variablcs, ITe)y ara an intrinsic nspect of the solution 

and if one accepts the, -;cuti.on 01 -thr a]ikcaticn pCob~an ,no hv.s to accpt 

the monanin, of thie:o?ci.1,X,0 shad-; prica.s. Tn this cnt.-t two related 

' 
questions a e ns to th ',.o$]es. o , l ov; , . Fl rt, can these 

shndoi prbce t,e used %vjct Socond, vould thi enforcemennin avalution? 

of these shadow prices by a coutral autho-rity lead an othian.isE uncontrolled 

econoi; to the optimrun al location? Wre 'Yi.ll take these questions in turn. 

2.6.1 Use of the Slhadow Prices ii. Project Evaluation 

The Shad(],,? prices cuni be used for project ovaltiation provided th 

following three conditions are met: 
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(1) All 	the shadow prices are used in the evaluation.
 

(2) The size of the project being considered does not violate
 

the linearity and divisibility assumptions of the nodel,
 

This may happen if the project is so small that different
 

technical coefficients do not materially alter the technical 

coefficients of the sector to which it belongs. On ths other 

hand a project which has the same technical coefficients can 

be as big as the sector itself and may still not violate the 
I 

linearity assumptions. 

(3) 	 The model includes all the restraints and goals of the 

society, if objectives are left out which are nonetheless 

considered practicailly important, then the solution of the 

Tmodel is not the true optimum solution with respect to the 

larger set of goals but is just a point on the feasibility 

surface. The prices than correspond to this efficient 

point and -not to the true optinu-i point, 

2.6°2 	 The Shadow Prices and Decentralization 

The enforcerent of the shadow prices by a central authority would 

not 	in general lead to the optimum allocation because of the following
 

reasons: 

(1) The real world is neither linear nor divisible in all sectors,, 

I 	In this latter case, the project would lie acceptable but, perhaps, 
less so than some alternative project. The alternatives would have to 
be investigated by rerunning the model end allowing it to choose the 
optimum technique, 
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(2) Everyone may not have the same objective function of
 

maximizing consumption over five years discounted in the
 

specific manner. A different objective or a different dis­

count rate would affect the choice of investments and the
 

efficient projects may not be selected,
 

(3) 	 The dynamic nature of the economy requires t ',t a complete 

year by year price specification be made in advance and 

that this specification be credible. Even then the 

existence of an equilibrium is not assured and oscillations 

1 
may result. For example, if over investment occurs in a
 

sector, it is realized only at the end of the gestation
 

period when again everyone would want to disinvest., 

(4) Finally, the non-economic constraints may not reflect the 

goals of individual profit 'maximizing competitors and 

the corresponding constraint prices may not be enforceable. 

For example, consumption growth coistraints can be imposed 

by an expenditure tax on consumption in those years when the 

solution indicates that the constraints are binding. On the 

other h?.nd competitive import ceilings which may reflect the 

policy of imrport substitution or national self-sufficiency 

are hard to impose by prices alone without actually speci­

fying the levels of imports. 

See K. Arrow and G. Debreu, "Existence of an Equilibrium for a 
Competitive Economy," fconometrica, 22:265-90, July, 1954. 
I 
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In describing the models we have tried to present their economic 

rationale as well as their formal structure to make clear their weak­

nesses as well as strengths. lhe final test of any method is not just 

its analytical sophistication but its relative effectiveness in dealing 

with the important questions. A planning framework with an elaborate 

treatment of relatively minor problems may noZ be as useful as a crvc;r 

approach to the central issues. Some appreciation of the usefulness of 

the models is possible based on the discussion so far. This appreciation 

can be improved by examining the results of applying the models and it 

is to that to which we shall turn. 



CHlAPTER 3 

DATA FOR TIE ThIIRD AND FOURTH FIVE YEAR PLAN PERIODS 

The firefly seens a fire, the sky looks flat;
 
Yet sky and fly are neither this nor that.
 
The true seem often false, the false often true;
 
Appearancos deceive, so think it through.
 

--The Panchatantra
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3.1 Data Requirements
 

Once the theoretical structure of the models has been specified
 

it is possible to describe the kind of information necessary to fill in
 

that structure. Perhaps, then, with imagination and foresight every real
 

difficulty in actually developing the data could be foreseen. It has been
 

our experience, however, that our appreciation of the difficulties in the
 

empirical problems has increased in the process of confronting them. The
 

process has been a tedious one, however, and we shall present only the
 

I
 
end results.
 

The only material used has been that in generally available public
 

documents. On the other hand, we have modified and extrapolated these
 

data when it appeared to us that there was a reasonable basis for doing
 

so. Ile have proceeded with inadequate infomation when we believed that
 

there was in fact a basis for developing impiovod data if their usefulness 

could be demonstrated. For example, ni the outset of this project only 

one ten-year old input-output table existed for Y'adiao After extensive 

investigation of various sources it was concluded that there was ample 

basis for the preparation of a new and substantially improved inter­

industry flow matrix. At the stage of final computatiln we were able to 

use a reasonably current and improved input-output matrix, Since this 

input-output table and most other originally available datt were esti­

mated in 19S9-60 prices, this price level was maintained th-oughout in 

all estimations and projections,
 

In order to apply the models described in the previous chapter
 

data are required for defining the technology of production and also to
 

specify the various exogenous demands, On the production side the following
 

information is needed for each period:
 

1 Data tables are presented separately in the accompanying volume.
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(1) a(t), inter-industry flow coefficient matrix a 

(2) s(t), stock-flow matrix,
 

diagonal matrix of aggregate capital coefficients
(3) b, 


and (4) p. capital proportion matrix
 

(5) p', p" 	 8 p".. proportion matrices for investment lags 

(6) ml, diagonal matrix of non-competitive import
 

coefficients.
 

To specify 	the demands for output, the following have to be estimated for
 

each 	period:
 

(7) c(t), vector of consumption coefficients,
 

vector of the fixed capital which (completely)
(8) D(t), 

depreciates in period (t), 

(9) r, composition imatrix for the depreciated capital, 

(10) E(t , 	 vector of exports, 

(11) G(t), 	 vector of government consumption, 

(12) 	 A(t), net foreign capital inflow, 

for D, E and G.(13) 6 .6, Y 	 post-terminal growth rates 

Initial aid terminal conditions are prescribed by the following:
 

pre-plan
(14) 	 X(O), vector of domestic output levels in .he 
period. This is used to estimate K(l)o 

rates 
(15) cc 	 diagonal matrix of implicit yearly growth 

o0 	 projected for the early periods ofthe plan in 

the pre-plan years. a o along with X(O) is used to 

determine the initial capital stocks and the 	initial
 

capital in process.
 

(16) X(T , Ot vector of.omestic output levels for the target 
T 	 year T, X(T), and matrix of projected post-terninal 

growth rates, tTo are used to determine the terminal 

capital stocks and the terminal capital in process 

for the Target Model.
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(17) 	 0,-a, post-terminal growth rates for consumption 
and imports respectively. 0,a1,6, E and Y 
are used to determine the post-terminal 
capital stocks for the Transit Model.
 

Policy variables 	to be decided upon by the planner are the following:
 

(18) 	ii", competitive import coefficients for exchange 

allocation ceilings 

minimum growth rate of consumption in period(19) p (t), 	 t 

3.2 	 Description of Sectors 

the basis of theThe sectoral classification had to be decided on 


At the start of the project in 1963 the
input-output tables available. 


on a
most recent input-output table available was for 1955-56 and was 


compiled at the Indian Statistical Institute
fifty-sector basis. It was 


An attempted computation on a fifty-sector basis
by Ashish Chakravarti. 


using the 1955-56 I.S.°, input-output table demonstrated that it would
 

exceed the amount of computational capacity at our disposal taking into
 

account our experimental purposes which include calculation of a number 

of alternative solutions. Some rough calculations indicated that compu­

tations on the basis of a modified thirty-two sector 1959.!60 ILS.I., table 

would again be outside the acceptable computation tirme, Further aggrega­

tion was necessary. Unfortunately, aggregation could not be carried out 

in a way which would be certain to satisfy the theoretical criteria for 

1 
This is due partly to lack of the empirical knowledge
avoiding bias. 


which the criteria require and partly because of the previous aggregation
 

I For a survey of aggregation problems in production data, see A. A.
 

Wqaters, "Production and Cost Functions: An Econometric Survey,"
 

Econometrica. Vol. 31, No. 1-2, Jan,-April, 1963, pp. 5-11.
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which had undoubtedly been done on an unsatisfactory basis. In this 

instance the thirty-two sectors already represent a high degree of 

aggregation and lacking a full description of the tables we were, to a 

substantial extent, ignorant of the detailed sectoral composition. Ex­

perimentation with various classification systems led us to settle on an 

eleven sector level of detail in order to achieve computational convenience. 

Table 3-1 indicates the manner in which the sectors were aggregated. 

3.3 Production Data
 

As indicated in the description of the models the Leontief input­

output assumptions of "fixed coefficients" of production have been adopted, 

The production data with which the models are provided are a set of ratios 

for each sector, These ratios indicate input requirements per unit of 

output, The ratios can be changed exogenously from period to period and 

from one solution to the next. However, the Target and Transit Models 

are not provided with technolopical alternatives, The general structure 
1 

and logic of input-output tables have been discussed in detail elsewhere 

so we shall not review that naterialo Likewise, since we -tilize only 

secondary sources and published information we shall not repeat the de­

tailed descriptions of the data which exist in the original documents, 

The following discussion will be limited to brief accounts of the data
 

used and to explanations of the adjustments which have been made, 

I W. Leontief and others, Studies in the Structure of the American 
Economy, New York, 1953, and 11.B. Chenery and P, G. Clark, Interindustry 
Economics, New York, 1959. 
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3.3.1 	 Inter-Industry Flow Coefficient Matrices a(t) 

In early 1964, two new Indian input-output tables became available 

for 1959-60. One was prepared in the Indian Statistical Institute in
 

Delhi under the direction of A. Rudhra and with the cooperation of A. S. 

Manne of Stanford University, who was then a member of the India Project 

of the Center for International Studies, MoloTo The second table was 

estimated in the Inter-industry Study Croup of the Planning Commission 

under the direction of K. S. Khrisnaswany of the Economic Growth 

Section. These tables were prepared for somewhat different purposes and 

differ with respect to a number of features. Lacking access to details 

of their construction it was not possible to reconcile the differences
 

in the tables, In most cascs, however, the variations do not appear to 

represent different: estinates of the same concept but rather somewhat 

different: concepts. Inasmuch as somewhat more information as well as 

other supporting (Iata were qvqilable for the I.S.I, table as compared 

to the Intor. ir.h.ustm, Study Group table the former has been used in the 

computations, The ISoC, table has been used, howover, to supply in­

formation not in the IoSoI. table on the distribution of inputs in the 

transport sector and the use of imports. 

The 1939-60 ISoIo table which we use is basically that presented 

in Notes on Pers2 ective offvjpment, India: 1960-61 to 1975-76 and 

is shown in Table 3-2 It is a thirty sector table with inputs valued 

at producers' prices, The final uses of output are for the Household, 

Government and Export sectors, for Inventory Stocks, Gross Fixed Capital 

Formation and Others, a miscellaneous sector. Total domestic production 

1 Perspective Planning Division, Planning Commission, Government of India,
 
April, 	 1964, ppo 183-187 
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is obtained after subtracting Imports. In addition to the inputs of the 

intermediate producing sectors, Wages and Salaries, Gross Profit and 

Margins are distinguished. The latter includes wholesale and retail trade
 

margins and indirect taxes and subsidies.
 

In the IoS.I. table only five sectors produce fixed capital: the 

urban and rural construction sectors and the electrical, transport and 

non-electrical equipment sectors. Such industries as cement, iron and 

steel and non-ferrous metals, rather than supplying outputs directly for 

fixed capital formation deliver to the construction sectors which in this 

table are processing rather than service industries. They receive inputs, 

process them and deliver fixed capital, 

Inasmuch as the purpose in the experiments with empirical informa­

tion is the anals's and domonstration of generally applicable techniquas, 

the following modifi.cations are made irIthe ISoL table, (a) in several 

sectors there is a negative input entered in the miscellaneous "Others" 

sector as art gigregato correction to over--stipation of inputs to other 

sectors. Such a negative input is eliminated by allocating it along the
 

row among the deliveries of the sector using the proportions of the. 

positive dqlivories as a guide so that 

i 30ai
ij oi.ij 32 

where a". is the negative input from the it" sector. (b) The undistributed 
1 

inputs of the rail and motor transport sectors were allocated using the 

proportions fro the I.S.. table. (c) A major change made in the IS., 

table was the creation of a Residential Housing sector which provides 
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rental services. This sector constitutes approximately seven per cent
 

of the consumer budget; it is also the sector with largest capital­

output ratio. Initial experiments with the 1955-56 I.SoI. table rein­

forced the view suggested by these characteristics that over-all results
 

would be sensitive to the size and growth rate of this sector. It was,
 

to isolate Residential Housing from the miscellaneoustherefore, decided 

"Others" sector. In order to construct a Residential Property row it was
 

assumed that this sector delivers only to Private Consumption and the
 

amount of the delivery was the 520 crores of rupees estimated as the
 

output of the sector in the official natioia income accounts for 1959­

1960. This amount was subtracted from the delivery of the Others sector 

to Private Consumption, The Residential Housing t:olumn was formed by 

allocating the row total among the input sectors using the relevant 

coefficients of the 1955-56 I.S.I. input,-output table. (d) The Margins 

sector was made into a source of intermediate inputs rather than being 

treated, like Wages and Salaries, as payments to a prima-y Factor. This 

was 
done to conform to the us :al practice for wholesale and retail trade. 

,,aclcing any other basis for establishing an empirical relation it would, 

in any case, have been necessary to relate outputs of the 'trade oectors 

to other sectors by fixed coefficients. Table 3-3 presents the modified 

1959-60 IS.I table now on a thirty-two sector basis, Tables 3-4 and 

3-5 present the matrix of inter-industry coefficients aggregated to 

eleven sectors using as weights the gross domestic outputs in 1960-61 

and projected gross domestic outputs in 1965-66 respectively. The formei 

is used for the Third Plan period and the latter for the Fourth Plan 

period.
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3.3.2 Stock-flow Coefficients
 

The patterns of inventory-holding in the less-developed areas
 

have not been studied intensively and relatively little empirical informa­

tion is available. Such information is notoriously difficult to collect
 

and the statistical reporting systems of these areas have not been able
 

to cover this aspect of investment in a thorough manner. Some data which
 

do exist suggest that inventory accumulation may be a relatively more
 

significant part of total investment in the less-developed areas. The
 

limitations of transport and communications and other uncertainties 

associated with deliveries would contribute to such a pattern.
 

The inventory coefficient sj, the ratio of total inventories held 

by sector j to annual output of the sector j, is calculated from two 

sources: (1) Notes on Perspective of Development, Table (M) and (2) 

Annual Survey of Industries, 1960, CSO, India, 1960-.61 output levels 

were used as weights in aggregating for the Third Plan period and projected 

output levels for 1965-66 for the Fourth Plan period, For those sectors 

for which information was available from both sources the values from the 

P.P.D., Notes are assumed to supercede those from the Annual Survey 

except in Transport edquiprent, Cement and Cotton and Other Textiles,. The 

PoP.D., Notes were not comprehensive so "typical" coefficients had to be 

used. Neither source coverad all sectors and in the remaining sectors the 

coefficients are simply guessed. These guesses are, however, based on 

two estimates, one made by A. K. Sen and the other by A, Chnkravarti, 

Table 3-6 shows the aggregate inventory/output coefficients, From these 

aggregate coefficients an inventory/output coefficient matrix is con­

structed. The aggregate inventory output ratio in each sector is
 

http:1960-.61
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distributed along a column in the proportions of the storable elements
 

of the input column in the corresponding a matrix. Before doing this,
 

Other sectors eliminatedhowever, the coefficients of the and Margin were 

the grounds that the contribution of this sector was so miscellaneouson 

that it would be difficult to know what was in fact storable. 

Tables 3-7 and 3-8 present the inventory/output coefficient 

matrices for the Third and Fourth Plan periods respectively. 

In carrying out calculations for alternative values of the parameters 

several of the larger inventory coefficients were reduced in order to pro­

vide tests of sensitivity of the results to changes which reduce the in­

vestment requirements for growth. In the alternative set, the aggregate 

inventory coefficients are changed as follows: in Agriculture from 0393 

in Food, Clothing and Leather from 0o361 to 0,181; in Chemlicalsto 0.131; 

from 0.528 to 0.259. This alternativo set of inventory coefficients is 

also shown in Table 3..6° A corresponding s matrix of inventory/output 

same manner as described above for thecoefficients is created in the 


matrices in Tables 3-7 and 3-8. 

3,3,3 Fixed Capital Formation and Output 

Much of what was said about the current flow matrices by way of 

qualification is applicable to the capital formation relations as well 

so the remarks on aggregation problems and technological change will not 

be repeated.
 

As pointed out previously there is no detailed accounting of 

capital stock by "vintages" in the model. Therefore, it is necessary to 

assume the same capital/output ratio for all past accumulations of fixed 

capital as well as for new investment. If information were available for 
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the projections it would be possible to change the ratios exogenously 

but it would be moTO of an improvement to distinguish ca-pital vintages. 

Tie ratios estimated are intended to be marginal rather than average 

capital coefficients. Tis is the most common type of data available and
 

interest centers on the new investments required during a plan period. 

Since these coefficients are used to estimate the initial capital stock 

from output levels, rather than vice-versa, the capital stock levels are 

scaled up or down from their "true" levels depending on the unknown re­

lation between the average and marginal coefficients.. This, in turn, may 

throw off the capital accounting relationships somewhat since depreciation 

is based on historical estimates of capital formation. 

A substantial amount of information on capital output ratios 

exists for the Indian economy which has not yet been full), utilized. 

For modern industry, in particular the data potentially available are 

quite comprehensive mnd even for the traditional sectors and agriculture 

a good deal of' partial and sample srvey data exist. In those latter 

sectors, however, the relation of capital accumulation to capacity changes 

may be less reliable than in industry and certainly warrants much more 

investigation. Tle estimation procedure followed was to establish 

aggregate capital-output ratios for each sector and then to determine 

the relative contribution of each of the capital-supplying sectors and 

finally to distribute this over the entire gestation period, 11is was
 

first done independently using a wide variety of sources of information. 

The estimation procedures were not sophisticated, and there were never 

enough observations of the same quality to warrant the use of econometric 

methods based on the assumption of stochastic processes. In general an 
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attempt was made to rely almost entirely on Indian data to estimate the
 

aggregate capital-output ratios.
 

In 1964 a matrix of capital coefficients was estimated in the
 

Indian Statistical Institute, New Delhi by Vinod Prakasho These estimates
 

also give the breakdown of capital coefficients in four types of capital,
 

urban construction. rural construction, transport equipment and other
 

equipment. The estimates are based on numerous studies "released or
 

undertaken by the various official and non-official agencies.' The
 

Prakash matrix is used as the basis of most of the computations as the
 

most recently available authoritative estimates. Since the coefficients
 

are in producers' prices, they are modified to include trade margins
 

which are assumed to be 13% of the equipment portion of capital in the
 

sector. The aggregate capital coefficients and their composition are
 

shown in Table 3-9. The eleven sector coefficients are aggregated using
 

as weights the capital stocks as implied by these coefficients and by the
 

output levels in 1960-61 and 1965-66 in Tables 3-10 and 3-11 which also
 

show the proportion matrices p implicit in these coefficients for the
 

Third and Fourth Plan periods respectively..
 

The set of capital-coefficients taken from IoS.I. sources will be
 

referred to as the "Reference" set. They appear to us to be reasonable
 

but moderato. In sensitivity tests the coefficient in Agriculture is
 

reduced from 1.5 to 1.0 and the coefficient in Housing is reduced from
 

10.0 to 7.5. These alternate capital coefficients are also shown in 

Table 3-9 as 'lower' set. 

The capital-output ratio in transport for the Third and Fourth Plan
 

periods is relatively low as the Prakash assumption was adopted that no
 

substantial additional construction would be necessary during these '
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periods in these sectors. The capital coefficient in llousing, which is 

the highest, depends on the relative weights of urban and rural con­

struction in total output which was not known to us. This number was 

among those changed in some of the sensitivity tests0 No procedure for
 

exogenously changing the capital formation relations was available to us
 

which would reflect changing technology tnd industrial composition and be 

clearly superior to treating these as if they were constant in these pilot 

computations. So they were treated in this way but changed parametrically 

in some alternative solutions. 

3.3.4 Lag Proprtion M.atrices 

The next step in data preparation was the disaggregntion of the 

capital formation by periods. Tle existence of gestation periods of 

varying lengths is a mjor source of the problems of coordinating the 

growth of different sectors in devalupment programs. In addition, since 

in the less-developed regions delays in making capit.l effective have a 

particularly high cost it is important to be able to analyzo such delays0 

Published empirical information about tha gestation periods of 

capital projects is relatively scarce for developed as well as for less­

developed regions. There is a substantial body of informal comment which 

holds that gestation periods in the less-developed countries are quite 

different from practices prevailing in the developed areas. Although 

the existence of several studies of the time pattenis of capital creation 

indicates the foasibility of such investigations, secondary sources are 

completely inadequate for this purpose and no independent estimation was
 

attempted.
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Ile adopt a simple pattern to represent the gestation process which 

could be easily modif-led as more information became available. It is 

assumed 	 that the construction component of investment requiTed to achieve 

an increment of capacity in period t has to be mnde in three equal in­

stallments over the three preceding periods, t-l, t-2 and t-3. For the 

equipment component of investment it is assumed that one-half of the 

total requirements has to be provided in each of two periods preceding 

the period in which capacity was to become effective. With these assumptions 

the matrices showing proportions of total requirements of each sector in 

periods t-1, t-.2 and t-3 for capacity which will mature in period t are 

estimated for India for the 1960's as shown in Tables 3-12 and 3-13 for 

the Third And and Fourth Plans respectivelyo 

Again for sensitivity tests the gestation lg structure is changed 

in a manner which would facilitate the adjustments of the system. The 

alternative lag-proportion matrices are based on our judgment as to the 

potential for reducing the time lag in capital creation in some sectors. 

Thle investrient lag in Construction and Others and Margin sectors is reduced 

to one year. In f.ining and Metals and in Electricity, the three years 

gestation logs are kept0 In all remaining sectors the lag is reduced to 

two years. These matrices are shown in Table 3-14 as the "Alternative Lag 
Proportion MItrices.o1

3.3.S 	 Imports
 

The only readily available information on non-competitive imports
 

as defined in Chapter 2 was that presented in the Inter-industry Group's 

transactions matrix0 In a single column it estimated that quantity of 

imports which, though classifiable in one of the grossly defined producing 

sectors, could be considered as non-competitive. A separate row for all
 

http:MItrices.o1
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non-competitive imports allocated them to each producing sector. Since 

this treatment went far in blurring the desired distinction in any case, 

it was decided to adjust the matrix by absorbing the non-competitive 

import row into the body of the transactions matrix as if they were com­

petitive imports. The non-comptitive imports are treated as fixed 

fractions of the total output of the sectors in which they were assigned. 

The ratios of non-competitive imports to output were calculated from the 

Inter-industry Croup's input-output mntri: and used as non-.competitive 

import coefficients, Table 3-13 lists these coefficients by soctor, 

As noted previously, ceilings are set in the models on the use in 

each sector of the foreign exchange left over after the satisfaction of 

non-competitive import needs.. Tbhose ceilings are in the form of ratios of 

uncommitted foroipn exchwige. The ratios are based on the import inrora'­

tion in the IoSoT. and Inter-industry Group input-output tables with some 

adjustments based on guesses as to the sectors in which government policy 

would be more or less restrictive in poTmitting import substitution for 

domestic production, These ratios -ra aIso shot.r in Table 3-15. 

In the PPoJL,_Notes a strong emphasis is placed on import substitu­

tion aspect of the Fourth Plan Targets. Sectoral projections of imports 

for 1965-66 and 1970-71 are also given,. However, this information is not 

sufficient to generate the non-competitive import coefficients that are
 

presumed for 1970-71, In some solutions to investigate the effects of 

import substitution the non-con petitive import coefficients are reduced 

from year to year. The coefficients assumed For this purpose are shown 

in Table 3-16, 



3.4 Demand Data 

3.4.1 Depreciation
 

The operating lifetimes of many types of capital are twenty to 

twenty-five years or more which is substantially longer than the planning 

horizon of the short-term models. Given such life spans and the "one 

hoss shay" pattern of capital decay, depreciation is exogenous to these 

models, being determined by the investment which took place in the years 

previous to the start of the plan period The problem is thus transformed 

into one of estimating investment during the early post war years for 

which relatively little statistical informition exists. 

An estimato of depreciatino canital is made as follows. 

(1) Lifetimes of twenty-five and thirty-three years are assumed 

for equipment nnd construction respective ly 

(2) We as;:sure further that prior to i9E1 a steady state prevailed in 

which all extonsive magnitudes grow at the same rate of 1.5%per annum, 

the rate of growth of population. Then depreciating capital in t, D(t) 

is given by 
°M° s t 

D(t) - rf)e 

(3)The Central Statistical Organisation has estimated that in 

1948-49 total replacement was 11s. 611.0 crores in current prices. This 

has to be converted to 1959-60 prices. For this te have the C.S°Oo 

estimates in current prices of gross investments in 1948-49 in the form 

of construction and in equipment at Rs. 75500 crores and at Rso 403.0 

crores respectively. To obtain the proportion of construction and equip. 

ment of the total replacement we use the ratio of gross investment in 

the form of construction in 1915-16 to gross investment in the form of 
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equipment in 1928-29 both of which come up for replacement in 1948-49,,
 

0 15 ( 33)Construction component of replacement in 1948-49 755e' 1o5 

" 015 (20)Equipment component of replacement in 1948-49 403e 1.0
 

Price indices for 1948-49 (1959-60 = 100) for construction and for equipmer 

are 86.8 and 72.1 respectively. Then the 1948-49 replacement in 1959-60 

prices is 

rb)= (611,0) (1o5)(.866) + (o721) = 755°0 Rs. Crores 
(2-9) 

Assuming that all depreciated capital was replaced in 1948-49 we have 

I)-- R6)u 755.0 Rs. Crores, Then 

l(t) = 755e t=O in 1948-49 

The overall levels from this formula checked reasonably well with 

aggregate deprociation estimated by the Ccntral Statistical Organisation 
I 

of the Government of India for various years and with other order of 

magnitude calculations in which we assumed steady states with different 

life spans and savingps rates. 

Ileplaceme t requirements by sectors have been estimated by Vinod 
2

Prakash for the decade of 1961-71. However replacements in a number of 

sectors includingb railways, rods -and housing are not given by Prakash 

and have been separately estimited by us 0 Th1is sectora]. distribution of 

depreciated capital is assumed unchanged from year to year for the Third 

1 Estimates of Cross Capital Formation in India for 1948-49 to 1960-61, 
New Delhi, 1961k
 

2 "Studies in the Structure of the Indian Economy," Report No. 1, M.IoTo 
Center for International Studies, July 28, 1964, 
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anti the Fourth Plan periods. The depreciated capital is shown in Table 

3-17, The correspondinp matrix of proportions r is given in Table 3-17. 

Table 3-19 shows the natrices r, Y" and r"' which are obtained frow lag 

roquireents sinil.ir to those of p' p" and p' 

3.4,2 E7xports 

For the Third Plan period exports nre p ojected assuming constant 

using ;a sinple annual prowthsuctovai coriposition frolm the 1960-61 levls 

rate. The,; projections are given in Tahle 320 

Erstirntes of export- are piven in Hotle,_on Perspecl ive of Dr)'e lop 

!1Int' India for 1965.-:( , !970 71 m:d 19T' issi1ni1". t-ort,- ,ASS : an I rlv 

rmte o-' growth amd the sa; C1Inposi o oF e.,', rtf VS thni. in the year 

1970-71. tht; yc.zvly vectors of exportI- are oFto.d %r 1965 197I Th se 

ar, p.iv-- irn Tab'ie 1 

3 -$vemnrn 

Th'. '{venlrjett soctor -n tht; planning mmoleLi j3 isqlwi'-d |i cmn ;ii t 

entiray' o" "pulic conai1iptit.n" !u that resourcs Jelivered 'or thi.s 

PW'To-.;c dn snot contribute tc 1mductttve capacity no a¢c acs inte-plediite 

ilt'~lI tot 'roducJi , -u cto's 

m~r th n 'I' . ' :!:;. l pI' riott !'1'.. ~'fll :~ L:', AflLXDI~~d j U) aTesa t l r C tC i 1)V 

Ormeans ai nssil:aed .i, rate -.%w.hich is used to exzr-n'wlate th­

SuctoL.,I ,-vnln of governr-lent presented tht; I eI deriand in s !.Ib 

g',Vlenment expenditure made in the P P P., , ii -trde t" ubt in 

est*7ilates for he Fourth Plan period . esnJhoh F,-',r ."lh,,.i, ' 

3-22 'nd 3-23, 

http:sinil.ir
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3.4.4 Consumption
 

The models require specification of the proportions in which the
 

total consumer budget is allocated among the output of the producing
 

sectors. Th3 exogenous specification of the initial and subsequent
 

consumption proportions are based on the IoS.I. table for 1960-61. These 

proportions are showm in Table 3-24,
 

304.5 Net Foreign Capital Inflow 

For most of the solutions net annual capital inflows are set at 

Rso500 crores and the consequence of changes in availability are analyzed 

As noted above the allotment of foreign aid
in alternative solutions, 


on an nnunl basis will lead to different results thin specification of 

a total auount to be available over the entire plan in whatever annual 

pattern desired.
 

3.4.6 Initial and Terriinal Capital Stocks
 

The endowments of capital stocks with which the Plan period starts 

are initially the only productive resources available, These endowments 

are the of in the pre Plan and exogenous to theresults ovents period 


Plan itself. Lihewisef, the amioun1:s of uncompleted capital, whose con­

the Plan period with a view to completion
struction was started prior to 

during the Plan, are exogenous, These endowments of completed and un­

arecompleted capital are the means by which events in the planning period 

related to events in the preceding plan period, In any actual planning 

procedure these initial conditions will be estimates based on whatever 

empirical information is available prior to the beginning of the new plan 

period. In applying the models, we attempt to simulate the planning 
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process by placing ourselves in tile position of the planners and, there­

fore, also rely only on data for the pro-plan period in setting initial 

However, since we do not have detailed empirical informationconditions. 


with which to estimate the initial capacities and capital goods in process
 

Folurth Plans, a somewhat arbitrary pro­at the outset of the Third and 

cedure is adopted to overcome this obstacle. The initial conditions are
 

projected using the output levels in the pro-plan year, X(O), and the 

sectoral growth rates as shown in equations 9.0, 9.11 and 9.12 in 

Chapter 2, Table 2-2. As explained there these equations embody the 

assumption that the sectoral growth rates projected for the succeeding
 

plan period determined the investments made in the three pre-plan years, 

With respect to capital-in-process it is thus assumed that enough is
 

created in the pre-plan years to maintain the sectoral growth rates pro-. 

jocted for the succeeding plan period. 

On the other hand, it is assumed that output levels in the year 

just prior to the Plan, from which initial capital stocks were projected 

with the assumed Plan growth rate, are based on full use of existing 

capacity. The adjustment for less than full use of capacity in order 

to determine initial effective capital endowment could be a significant
 

one since even small errors here may correspond to a substantial portion 

of the annual amounts of investment, and there has been repeated citation 

of the existence of unused capacity in the Indian economy. However, this
 

adjustment could not be made due to lack of data on idle capacity. The
 

well-known problems of defining capacity occur in an aggravated form in
 

such sectors as traditional agriculture, of course. Change in effective
 

capacity may also occur due to improvements in operatAng efficiency as
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Where new projects are a substantialpersonnel become more skilled. 

fraction of the total capital as in the Indian steel industry, this can
 

At this point in the model develop­be quantitatively quite important. 

ment it would be most convenient to introduce this as an exogenous effect 

but due to lack of specific information no adjustment of this sort has 

been attempted. 

For the Third Plan period the output levels for the pre-plan year 

are taken from the modified input-output table for 1960-61, Table 3-3. 

The projected growth rates are 	those implied by the Third Plan targets.
 

The Third Plan targets for the 	thirty sector classification of the I.S.I. 
1 

input-output Table 3-2 are taken from estimates by M. R. Saluja. The 

targets for Housing and Others and Margins were projected separately. 

TableThe targets for all thirty-two sectors are shown in Table 3-25. 

3-26 lists the output levels, X(O), and the growth rates, ot0 and O(TO 

which are used in the model solutions for the Third Plan period. 

The pre-plan and target output levels for the Fourth Plan period
 

In these Notes sectoral output
are estimated from the P.P.D., Notes, 


levels are furnished only for the "organized" part of each sector.
 

Therefore, in order to provide comprehensive sectoral data, it was
 

necessary to estimate the output of the "unorganized" portion of the 

sectors. It will be seen that the character of the Fourth Plan Target 

Model solutions is to some extent dependent on the manner in which this 

is done and two alternatives are provided. In both cases it is assumed, 

for lack of any other basis on 	which to proceed, that in each industry
 

"Methods1 Studies in the Structure of 	the Indian Economy, Report No. S, 

1960-61 1965-66."
and Sources for Output Levels, and 
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the ratios of the output of the organized and unorganized portions of
 

each sector were unchanged since 1960-61, the last year for which compre­

hensive data were available.
 

The P.PoD., Notes also provide sectoral output levels for 1960-61
 

From these and the output levels
for the "organized" part of each sector. 


for 1960..61 of Table 3-3, coverage adjustment ratios are obtained which
 

are then applied to the P.PoDo, Notes sectoral output levels of 1965-66
 

and 1970-71, This implies, of course, that output in both parts of each
 

patently unsatisfactory
sector has grown at the same rate. This is a 


method but no alternative procedure available to us seemed to be an im­

provement. Moreover, it provides some justification for continuing to
 

use the same capital-output ratios and other technical coefficients.
 

The computations to obtain a comprehensive coverage are first carried
 

out on a thirty-two sector basis, the results then being aggregated to
 

the eloven sectors in which most of the solutions are calculated. It was
 

brought to our attention that this disaggregation may give a dispro­

portionately large influence to the unorganized part of the fastest 

growing organized sectors. When the adjustment for coverage is carried
 

out in the same manner on an eleven sector basis, this effect is reduced
 

and, as a result, the total output levels are also reduced.
 

Terminal year output levels for the Fourth Plan Target Model
 

calculations are also estimated from the P.Po)., Notes 1970-71 output
 

levels with the adjustments for coverage made as described above,, Once
 

on
again adjustments are made on thirty-two sector basis as well as 


eleven sector basis and two sets of output levels are obtained. With
 

these pre-plan and final year output levels for each sector, growth rates
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are calculated which are then used to project the capital stocks and the
 

capital-in-process at the beginning of the Fourth Plan period on the
 

same assumptions used previously. Table 3-26 shows the two sets of
 

initial and terminal outputs and the intra-plan growth rates.
 

To complete the specification of post-terminal conditions for the 

Target Models the sectoral growth rates must be determined for the three 

post-plan periods. Lacking information on this subject for the Third 

Plan period we simply projected the previously derived intra-plan growth 

rates. On the other hand, the PoPoD. , Notes specify growth rates for the 

Fifth Plan period which, however, are lower in all sectors than the pro­

jected Fourth Plan growth rates. Again, solutions were calculated for 

two versions: with the intr-Fourth Plan growth rates projected for the 

post-terminal period and with the Fifth Plan growth rates of the P.PD..D, 

Notes. The latter not only imply a sharp discontinuity in growth rates 

at the end of the Plan but also a lower growth rate for Fifth Plan as 

compared to the Fourth Plan. Consequently, for most runswe have used 

the Fourth Plan growth rates.
 

3.5 Some Notes on the Quality of Data
 

The data presented above have been collected and prepared primarily 

for the methodological purpose of developing a set of techniques to assist 

in making economic policy. Ve shall attempt to draw some practical in­

sights from the model solutions and expect that others will evaluate them 

in the same way since we claim that the data are "realistic" in the sense 

that they are within the realm of observed experience for some country, if 

not always for India itself, On the other hand, the data may or may not 

be "real" in the sense of exactly representing India, for even with much 
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more knowledge than we have, such a claim would be intrinsically difficult
 

to maintain.
 

The data used might tentatively be grouped into three categories:
 

(i) technical parameters and quantities, (ii)behavioral parameters and
 

(iii) policy parameters and quantities. The intermadiate flow coefficients,
 

capital-output and inventory coefficients would appear to fall into the
 

first category which would also include estimates of initial productive
 

capacities. Consumption proportions are oxamples of the second category,
 

while policy quantities and parameters would include plan targets and
 

post-terminal consumption growth rates, net foreign capital inflows and,
 

to some extent, import coefficients. Import coefficients, however, are to 

so as they respond tosome extent, technically determined but not uniquely 

market fo-rcas and diroct goverament controls;. Moreover, what is true of 

import coefficients is, in fact, true of nearly all the "technical" data. 

The so-called technical input-output coefficients are not determined by 

technical factors alone but by market influences and goverinment policies 

working outside the markett as for example, those policies which determine 

the size of now plants in a particular sector by nmeans of investment 

licensing procedures. While the range of potential variation of some 

technical coefficients, as in electricity generation, may, in fact, be 

narrow, in other sectors such as transportation or food and clothing 

production the potential variation can be substantial. Yet even where
 

variations are possible important changes may not be easily achieved but
 

may come only with considerable cost and effort -which draw attention and
 

emphasis from other activitieE.
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ThOse considerations as well as the more obvious limitations of 

our sources contribute to the uncertainty as to whether we have been able 

to establish the "true values" of the d'ata. Some of the uncertainty is 

associated with our essential ignorance of the future; some with the 

difficulties in judging the will, determination and ability of policy­

makers and some is due to ignorance of current or past values of parameters 

which are either used directly or which form the basis for prediction. 

Thus, some but by no moans all of the uncertainty could be dispelled by 

closer contact with data sources ant improved data gathering, collection 

and processing. 

One of the features of the models is that they require explicit
 

attention to many empirical issues which are not raised b , other planning 

methods and in this sonse their demands for data are greater than those 

of less detailed plpnning procedures, lte regard this as a virtue rather 

than a weakness since in India there are actually, or potentially, 

reasonably satisfactory means of satisfying most of the data requirements, 

Yot because of these enlarged data roquirements we have not been able to 

rely on a single Indian source in developing th9 necssa-:ry informntion 

nor even, in most cases, to use a set of info-mation from a single source 

without augmenting or modifying ito A brief review will emphasize this 

aspect of the data preparation and assist in a sumnry Judgment as to 

the strengths and weaknesses of the empirical procedures. 

The a, b and p matrices wore for the most part based on recent 

Indian estimates. T1he a matrix was modified to isolate a 

Housing sectoz and aggregated. The b and p matrices were augmented 
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to provide information for these additional sectors and agriculture using
 

data from India and other countries as a basis. Thus these coefficients 

can only be considered as representative of a current range of values. 

In agriculture, for example, while a capital-output ratio of 1.5 has 

been used in most trials the currently effective ratio may range from a
 

value not much less than 1.0 to, perhaps, somewhat over 2.0. 

The aggregate values of the s coefficients were, for the most 

part, estimated from Indian sources but the Indian estimates were reduced 

drastically to make them more comparable with data for other countries, 

Again they represent a range and are likely to be at the low end of the 

range with some possible exceptions where alternatives are investigated 

explicitlyo Tie distribution of the aggregate s coefficients tins based 

on the input-output table,, This procedure is plausible but not Founded 

on empirical study. 

Likewise the lag proportion matrices are based on a plausible 

assumption and some quite generalized knowledge but no specific study and 

again the consequences of alternative assumptions are investigated, 

The import coefficients were based on the oSG, iiatrix mentioned 

earlier but modified on the basis of rough judgments as to the degree to 

which additional imports would be accepted in particular sectors. 

Daprociation was projected by means of rough calculations using 

macro dnta for India. 

Exports and government consumption were simply extrapolations of 

past levels and growth rates. 

Consumption proportions wore based on the modified IoSoI., table, 
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The pro-plan output levels were taken from Indian data but to 

obtain initial capital stocks it was necessary to assume full use of 

capacity and some sectoral growth rates. These were backward extrapola­

tions of proposed plan growth rates. These were also used to project 

initial capital in process. For the Fourth Plan period both initial and 

target year o;tput levels had to be computed from incomplete data and
 

were, therefore, adjusted for coverage0 The adjustment procedure is uni­

form for all soctors and a rough approximation at best.
 

There are many places in which judgment was necessary as to 

current and future plausibility of the numbers. In general we attempted 

to make these judgments in the direction which would favor Indian economic 

growth opportunities as revealed by the solutions without being implausibly 

optimistic0 Obviously this background of the data suggests great need for 

caution in interpreting results which we shall try to observe and which 

we recommend to the reader. 
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TARGET AND TRANSIT MODEL SOLUTIONS 

FOR 7111RD AND FOURThl PLAN PERIODS
 

There is no toy 
Called easy joy
 
But man must strain
 
To body's pain
 
Even Vishnu embraces his bride
 
With arms that had to churn the Milky Way.
 

-. The Panchtantra 



The preoccupation of policy-makers with short-term plans was the 

inspiration of the first models described in Chapter 2. 

There are good reasons for the conventional concentration of 

attention in less developed areas on short-term economic plans of, say,
 

four to eight years. The time span is long enough to complete most types
 

of major industrial, agricultural and utility projects and also to begin
 

to judge the results of schemes which do not involve long time lags.
 

Fluctuations in agricultural output due to natural causes can normally be
 

expected to have averaged out over four to eight years. The political
 

future is often reasonably clear as terms of office often have more or
 

less the same length.. It is desirable to have a re-examination of
 

premises and appraisal of results at intervals which are long enough to
 

permit an evaluation but not so long to permit a compounding of errors.
 

Altogether there is much to be said for using a period for detailed
 

economic policy that is longer than two or three years but shorter than
 

ten years,
 

However, there are also dangers in short-term planning. A pre­

occupation may arise with the present and near future which is so intense 

that the essential dependence of short-term plans on long-term plans is 

ignored and the interrelationships between plans are neglected. In 

general it is true that myopia does not lead to economic efficiency. It 

is also not true that economic policies can be made only seriatim within 

the order imposed by the progression of time. Short-term plans and 

policies must be given a context and direction by long-term plans.
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These propositions are the result of the essential interrelation­

ships between the past, present and future in the minds of men and in 

the technical relations of production and the creation of productive 

capacity. Long-term policies must not be considered inviolate over their 

lifetime. Unexpected events of various types: shortfalls, over-achieve­

ments, new technologies, changing markets, changing birth and death rates, 

all require continuing readjustments of long-term goals and the short­

term policies which implement them. 

In this chapter the Target Model is applied to the examination of 

the Indian Third and Fourth Five Year Plan periods. Solutions are calcu. 

lated embodying the Plan Targets for a number of specifications of 

parameters and constraints. The purpose is to explore the effects of 

different policies and the sensitivity of the results to alternative 

estimates of production conditions, export prospects and foreign economic 

assistance. In illustrating the use of the Target Model to judge the 

consistency and feasibility of the Plans, criteria and constraints are 

applied which we believe to be reasonable representations of reality. 

Hlowever, the caveat must be registered again that these are not necessarily 

the criteria and constraints implicit in the Plans themselves. 

4.1 Target Model Solutions for the Third Plan
 

Though the overall growth rate of output implied in the Third Five 

Year Plan was about five per cent, the growth rates for specific sectors 

varied substantially from this figure. Table 3-25 indicates the 1960-61 

gross output levels, the projected 1965-66 levels and the implied average 

annual growth rates for the thirty-sector detail of the IST input output 

table and for the eleven-sector detail in which all the solutions are 
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calculated, When initial output levels are quite low, as for example in
 

the case of fertilizers, growth rates can be misleading indicators of the 

relative emphasis of the Plan. Yet the overall impression is relatively
 

straightforward. With the exception of fertilizers the highest growth 

rates are in the capital producing sectors, in their most important 

suppliers and in several major import substituting sectors. The sectors 

supplying consumer goods, which in India include relatively small amounts 

of consumer durables, on the whole had lower growth rates projected for 

them. The rationalization of this relrztive emphasis has been based on 

several related arguments. Capital is necessary to prbvide the means 

with which to increast, output in the consumer goods sectors and the well-. 

known accelerator effect accounts for the more rapid growth of the capital 

goods producing sectors themselves. It is claimed that the improvement 

in the individual standard of living would be greater and most satisfying 

over a longer planning period by postponing the period of most rapid growth 

in consumption. lith given export prospects the need for foreign exchange, 

and therefore, for import substitution is implicit in the decision as to 

the rate of investment. Capital is necessary to create import substituting 

industries in order to reduce the country's reliance on foreign aid.
 

A five year model can provide only a limited test of a long run 

rationale. Such a test may nonetheless be decisive. Are the Five Year 

Plan Targets feasible? If so, the model will help indicate an "optimum" 

way of achieving them. If this test is not Piet, a long run analysis of 

the Targets is beside the point for there is no way of transferring re­

sources from the future to the present. 
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Feasibility of a set of targets cannot, however, be finally decided
 

by a formal test using the Target or any other model. It remains essentially
 

a matter of judgment to which calculations with a model can contribute. For
 

example, attempts to find solutions to the Target Model with a specific set
 

of targets might indicate "technical infeasibility," i.e., that with the
 

given set of relations, constraints and parameters there is no way of
 

achieving the targets. Even such a result is not decisive. In the real
 

world constraints and parameters depend in part upon policies pursued and
 

can be altered by 'greater organizational efforts' or 'more intense mobiliza­

tion of resources.' In this sense the Target Model can only provide a test
 

of consistency of the various specifications, and "technical infeasibility" 

simply means inconsistency. On the other hand, the finding of a solution
 

to the Target Model is no guarantee that the plan targets are practically
 

or "operationally feasible" and socially acceptable. The formal structure
 

of the Target Model omits many economic and political conditions which in
 

reality may be quite important and, in a complete evaluation of any
 

solution these omitted conditions must be made explicit. For example, the 

question must be raised and resolved as to whether governmental and private 

market organizations can and will implement the plan. As one test of
 

operational feasibility we shall compare the savings and investment plans
 

with the requirements as estimated by the Target Model solutions. This
 

test is both economically important and relatively straightforward. There
 

are other tests, such as availability of managerial skills, which may be
 

equally important but, partly because they cannot be so easily quantified,they
 

are more subtle and difficult to judge and will not be dealt with here.
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In order to present the results in an expeditious manner much of 

the discussion will be conducted in terms of a Reference Solution. To 

explore alternatives the parameters of the Reference Solution are usually 

varied one at a time.. Tle Reference Solution is not to be interpreted as 

our best guess as to the solution most applicable to the Third Plan targets.
 

It serves only as a standard against which to judge the results of changes
 

in constraints and parameters and as a means for explaining the operation
 

of the model. In the following full details of the solutions are presented
 

only for the Reference Solution. For the variations, only the highlights
 

are described.
 

4.1.1 Assumptions for the Target Model Reference Solution of the Third Plan 

Tle assumptions for the Reference Solution as to parameters and
 

exogenous requirements are as follows:
 

(l) The technical coefficient matrices a, b, s, p', p", p"' , r', r" 

and r" are assumed constant throughout the plan period and are the 

reference values presented in Chapter 3.
 

(2) The consumption coefficients, c(t), non-competitive import coef­

eficients, m', and competitive import ceilings,,m", are also assumed constant
 

throughout the plan period.
 
(3) Requirements of 1, T and D are exogenously specified at the 

levels shown in tables of Chapter 3.
 

(4) Net foreign capital inflow is fixed at a constant value of
 

Rs. 500.0 crores per year.
 

(5) The discount rate w for consumption is fixed at 0.10, i.e., 

10.,0 per cent. 
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(6)The minimum growth rate of consumption p(t) is set at .025, i.e., 

2.5 per cent for all the periods which is roughly equal to the population 

growth rate. However, C(O in restraints (2.01) of Table 2-3 is set at 

zero. This permits the optimisation procedure to reduce C(l), the level 

of consumption in the first period, as necessary to meet the consumption 

growth constraint of later years. Thus it becomes possible to find a 

solution with levels of aggregate consumption so low as to be obviously 

unacceptable whereas if the constraint were maintained only a showing of 

technical infeasibility would result. This is an example of a case in 

which the feasibility issue is not a matter for the model itself to decide 

on the basis of the conditions which are part of its structure but also 
1 

requires a political evaluation of the result,
 

(7) The initial outputs X(O), the terminal year output targets 

X(5) and the implied growth rates are those from Table 3-26. 

With the parameters and constraints as specified no feasible 

solution could be found which was consistent with the Third Plan Targets. 

That is, even with a maximand reduced to zero, i.e. with absolutely no 

diversion of resources to producing consumption, there was no set of 

allocations of available resources which could create enough capital to 

reach the target levels of output. This failure to find a solution fo*
 

the Third Plan Targets provides a useful contrast between the real world 

and the manner in which the model works. In reality if Plan targets are 

technically infeasible, the economic system will not "break down" and 

produce nothing, but will violate a constraint, for example, by
 

1 A solution even if politically unacceptable yields much more information 
about the structure of the system than the finding of infeasibility so it 
is desirable tO avoid that if possible. 
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underachieving the Targets. In a solution to the model, however, the
 

constraints must be met and, if they cannot be, there is simply no
 

solution at all.
 

Without a solution there are, of course, no shadow prices to in­

dicate the relative significance of the various constraints. Experiments
 

with changes in inventory coefficients, capital coefficients and lag
 

structures finally led to a feasible optimum solution for the Third Plan
 

Targets when all these vere reduced to what we consider optimistic 

values, However, this solution is unsatisfactory for studying the sensi­

tivity of the solutions to paranstric changes as most variations which we 

want to study would give 3n infeasible solution, The solution which will 

be used as a Reference Solution is obtained by reducing the Targets to 

the 96% level in all the sectors, The various alternative runs with 

different parameters are made with respect to this Reference Solution 

with 96% level of targets. The particular changes in parameters are 

described when the results of the various runs are presented in Section 

4,1.3. 

In solutions with 96% level of targets the growth rates for 

estimating initial capacity and initial capital in process are still those 

from Table 3-26 and correspond to the 100% level of targets. However, for 

projecting post-tarminal capital requirements, the growth rates used in 

these solutions always correspond to X(0) and the particular level of 

targets X(5) in the solution. 
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4.1.2 	The Reference Solution for the Third Plan
 

A complete description of the Reference Solution is given in Tables
 

4.1 through 4-50.1 These indicate the kind of detailed information that is
 

obtained and will be used to describe the detailed operation of the model.
 

The comments on this solution in this section are intended only to under­

score 	some of the more interesting points. Evaluation of the implications
 

of the 	Third Plan targets cannot be made until all the parametric variations
 

are also described.
 

The linear
 

programming solution itself evaluates only the unknownis of the model, gross
 

domestic outputs, X(t), for t = 1 to 5; competitive imports M"(t), t a 1 to S; 

availoble capital stocks K(t), t - 2 to 5; restored capacity R(t), t = 2 to 8:
 

new capital Z(t), t = 1 to 8; and aggregate private consummation C(t),
 

t a 1 to 5; and the shadow prices. The remaining details in Tables 4-1 

through 4-65 are implicit in the solution and are generated from the optimal 

solution. 

The sectoral levels and the growth rates of outputs in each year
 

are shown inTable 4-1. As would be expected from the targets, the fastest
 

growing sectors are nearly always the capital goods sectors and ..heir 

major suppliers. Agriculture and Food and Clothing and Housing, the major 

consumer goods producing sectors, are among the slowest growing. In no 

sector do the outputs in different years grow either linearly or exponen­

tially, and the growth rates fluctuate from year to year' _However, this 

is to be expected since the composition of targets is different from the 

composition of initial capacities. Thie growth rates in the fifth year 

are not "actual" growth rates but relate only to the full capacity output 

1 The tables for this chapter are presented separately in the accompanying
 
volume.
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levels, which may be internally inconsistent, for the sixth year. The 

growth rates for the sixth and seventh years are the post-terminal growth 

rates Of implied by x(S) and x(O). Since the output of Housing is used 

only for private con.umption, it grows at the same rate as aggregate private 

consumption, The stidden increase in the growth rate in Others and Margin 

between the fifth and the sixth years is due to the fact that we set the 

target output it, this sector at the 1960-61 proportion of the sum of the 

gross domesti. outputs targets in the remaining sectors. Since Others and 
is
 

Margin,/privnrily a consumption sector, the same proportion in 1966-67 as 

in 1960-61 may be inappropriate as the proportion of investment goods and 

consumer goods in the economy change over the years,, 

fle shadow prices of outputs which indicate the value to the maximand 

of ar additional unit of output ,re shown in Table 4-2, These are the 

shalow prices associated with the distribution relations,. The shadow 

prices of output help indicate the priorities in resource allocations 

thich are taking place. Tie highest shadow prices and, therefore, the 

greatest stringencies are, for the most part, in the capital forming sectors, 

Crnstruction and Equipment and in their major supplying sector, Mining and 

Metals, and Cement aid Non-Metals. The shadow prices in the major consumer 

goods producing sectors, Agriculture and Plantations, and Food and Clothing, 

are relatively) low. This occurs, even though the optimization mechanism is 

trying its best to produce consumption goods, because the model's primary 

obligation is to neet the targets and to satisfy the various other con­

straints, Thius the low shadow prices of consumption goods are an indica­

tion of the strains that the targets and other constraints are putting on 

the system. The strikingly high shadow price of Cement and Non-Metals in 

the third year is explained later. 
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The sectoral levels of private consumption in each year are shown 

in Table 4-3. These levels are calculated from the fixed consumption co­

efficients and the aggregate private consumption in each period as deter­

mined by the solution. The level of private consumption in the first year 

is Rs. 13050 crores which coipared with the actual level of Rs. 12605 

crores in the pme-plan year 1960-61 is a growth of 35%. From the third 

to the fourth year private consumption grows by 6.1% and from fourth to 

the fifth year by 4.0%. 

The consumption growth constraints have non-zero shadow prices in 

the second and the third year. These indicate that, were it not for the 

consumption growth constraints, the solution would have provided more con­

sunption in the first and the second years than what was actually done.. 

It did not do so because it could not then have provided the required 

a
additional consumption in the third year, This might be interpreted as 


tendency to concentrate consumption in the first year° On the other hand 

the fact that consumption growth constraints are not binding in the fourth 

and the fifth year indicates that the solution does not have a tendency 

to concentrate all the consumption at the beginning of the plan, This 

apparently contradictory behavior in the first two years is due to the 

initial capital in process specifications which restrict the capital 

stocks available in period three to such levels that they cannot generate 

more consumption along with the investments necessary to meet the pre­

scribed targets. 

Tables 4-4, 4-5, 4-6 and 4-7 which reveal the availability and
 

intensity of use of capital stock provide a great deal of insight into
 

the solution. From Table 4-4 it is seen that maximum increment in capital
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stock occurs in the sixth year. With an unconstrained flip-flop be­

havior of the solution, inwhich consumption is concentrated in the last 

year, the solution would hold dom consumption in the early plan years in 

order to provide as much capital as possible by the fifth year. It would 

then use this capital to produce private consumption in the fifth year, 

This doesn't happen here because the three-year lags in investments re­

quire that investm-3nts must be started by the second year to mature in 

the fifth year s.:jd the maximum capital stocks in the first two years are 

externally spQcified. 

In Trble 4-6 the excess of actual capacity over the targeted 

capacity in Construction in the sixth year indicates that even more 

capacity in Construction is required in the fifth year thant targeted to 

meet the investment requirements in the fifth year. The capital stocks 

in AFriculturo and Transport sectors have reached the target levels by 

tho fifth year. Both these capacities are fully required to meet the
 

df.mand for Agriculture and Transport in the fifth year and there are no 

idle capacities in the fifth year. Since capital stocks increase in the
 

sixth year in other consumption goods sectors, this increase would imply
 

that the consumption proportions would not be maintained in the sixth 

year if aggregate private consumption is to grow and if imports in 

agriculture sector are not increased. If the level of investnent is 

also maintained, a transportation shortage would also develop as private 

consumption is increased. 

The idle capacities listed in Table 4-6 in the first years are 

mainly in the consumption goods sectors. On the other hand, capacities 

in capital producing sectors Construction and Equipment and their major 
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supplier Mining and Metals and Cement and Non-Metals are fully utilized
 

in the first year. The distribution of the excess capacity reflects 

the lack of "balance" between the composition of the capital stocks
 

existing at the outset of the Plan and the composition of the Targets.
 

The capital stocks at the outset of the Plan, estimated from pre-Plan
 

output levels, are geared primarily to the production of consumer goods.
 

Capital in the Mining and Metals, E-quipment and Construction sectors
 

account for only 8.8% of the total endowmetit. By the end of the Plan
 

period these sectors wore intended to account for over 14% of the total
 

capacity. 1This change in composition requiras that roughly 32% of. the
 

total investment over the Plan period go to these three sectors in the
 

Reference Solution.
 

The idle capital in all the sectors in the second year as shown 

in Table 4-6 is striking since it appears to he was.oful. The reason why 

this capacity could not be used in producing more corsumption is because 

the consumption growth constraint would in turn requir. a higher level of 

consumption in the third year, As explained above more consumption in the 

third year could not be provided while at the same time producing the in, 

vestment required to realize the targets. The third )ear bottleneck cannot 

be broken bocnuse the maximum capital stocks in that year axt specified 

by initial conditions. On the other hand, the excess capacity in the 

second year could not be used in the creation of capital goods eor invest­

ment either. The lag structure of investment is rigid and requiies that
 

investment in ench sector be made in three successive years. Since the
 

I Since the plan targets were scaled down uniformly by 4%, the reduction
 
in the level does not affect this comparison.
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solution has no excess capacity in Construction in the third year, if
 

additional investment were made in the second year it could not be com­

plemented with the further investment which would be necessary in the 

third year to complete it. However, from Table 4-9 it is seen that the 

solution did not complete the initial unfinished investment in Construction 

in the third year and it appears as if more construction capacity could 

have been provided in the third year. This would have then mnde it 

possible to complement additional investment in the third year and elimin­

ate excess capacity in the second year. Yet it can be seen from the "a' 

matrix that the production of Constructicn needs Cement and Non-Metals 

as current input. But additional output o' Cement and Non-Metals could 

not be provided since there is no excess capital in Cement and Non-Metals 

sector. This also explains why the shadow pr.' ce of Cement and Non-Metals 

is so high in the third year, An additional unit of Cement and Non-Metals 

would make it possible to use some of the excess capacity in the second
 

year, Still this is not quite a complete explanat ono Why not divert in
 

the third year one unit of Cement and Non.letals froo consumption to the 

use as an input to the Construction sector? If this wre clone fixed 

consumption coefficients would require that about 200 uni.ts of aggregate 

consumption would have to be sacrificed before one unit ol Cement and 

Non-Metals would become available. However, because of the additional 

consumption generated in later years the cost of this sacrifice is just
 

117.04 units, the shadow price of Cement and Non-"etals in the tlird y.3ar.
 

The above tale with its plot and sub-plots demonstrates the inter­

play of many assumptions and forces within the model. It underlines for 

example the effects of the assumption of three year lags in rigid sequence 



and shows how the whole solution is affected by this assumption. This 

assumption in turn would not be so critical as is shown below, had there 

been lower targets or higher initial capacities. 

The shadow prices in Table 4-8 are the rental price of capital in 

each year. The rental price is zero whenever there is idle capacity in 

the sector. Thus the rental price of capital can be zero even when the 

output produced with it has a non-zero shadow price. The new capital
 

capacities that mature at the beginning of each year are shown in Table
 

4-11. New capital is being created in most of the sectors in each period.
 

Among the capital goodi sectors, Construction, Equipment, and their major
 

supplies, Cement and Non.4'etals and Mining and Metals sector, only Mining
 

and Metals has a large increment in capacity in the sixth year. Unless
 

an increase in the demnnd for Mining aid Metals is envisioned either due 

to changes in production or consumption coefficiants or due to increase
 

in exports or decrease in imports, excess capacity would result in this 

sector in the sixth year. However, it should be noted that in the 

Refereice Solutinns no provision is made for any import substitution pro­

gram and that Mining and Metals sector may be especially important in such 

a program. 

A large increase in capital stock in Electricity occurs between the 

fifth and sixth year when the available capital stock doubles. The 

solution doesn't create this capacity earlier since there is no need for 

it in the intra-plnn period and the capital-output ratio in electricity 

is quite high. The high level of target output in Electricity may reflect 

programs of rural electrification not reflected in consumption proportions
 

or new industrial demands not prescribed in the technical coefficients in
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the model. If increases in electricity demand due to such changes are
 

not foreseen, Electricity would show excess capacity in the sixth year.
 

In the Others and Margin and the Electricity sectors, excess cnpacities
 

exist in the first four years and yet new capital is created in the
 

second and the third years. This is because the initial capital in 

process created before the plan started must be completed in the second 

and the third year or else it would be lost. Tle solution prefers this 

cheaper means of creating capital capacity than to abandon this port of 

the initial endowment and begin completely new capital later. 1his also 

explains why capital in Housing is created in the second and third years 

even though there is excess capacity in 1housing in these years, 

The impossibility in the model of interrupting the sequence of 

investment also results in initial capital in process being lost in a 

number of sectors because it could not be completed due to the shortage 

of Cement and other Non-4etalso This is seen in Table 4-9 where many 

sectors have ratios less than one for the third year. In a real applica­

tion this might be taken as indicating the areas in which efforts must 

be made to relax one or more of the constraints which lead to this result, 

For example if it were possible to interrupt the sequence of investment
 

in a planned way by starting new investment and then delaying it when
 

particular resource requirements were scarce, the overall perfornance of
 

the system would le improved.
 

The shadow prices of new capital in Table 4-12 correspond to the 

capital accounting relations (5) of Table 2-3. For the first four years, 

the difference between the shadow price of capital in two successive 

years is the rental price of capital in that year. If the rental value 
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it is when it is not used, the shadow prices of that capitalis zero. as 

remain constant. In the sixth year, ire. at the end of the fifth year, 

the shadow price of capital reflects not the future usefulness or pro­

ductivity of this capital but the cost in terms of private consumption 

over the five plan years which had to be foregone in order to create the 

amount of capital that the targets stipulated. This is because the post 

terminal stream of private consumption is not included in the objective 

function explicitly but only through the stipulated requirements of 

terminal capital stocks , The effect of providing for post-terminal con­

sumption through minimum terminal capital stocks constraints which must 

be satisfied is similar to having an objective function with weights of
 

infinity on terminal capacities for values below the targeted levels but 

with weights of zero once the target level is reached. Consequently, when
 

the stipulated terminal stocks are provided further additions to these 

stocks which would increase the post-terminal stream of private con­

sumption have a zero value to the objective of the solution, This also 

explains why the shadow price of capital fells with time.
 

Tables 4-13 and 4-14 show the restored capacities nnd the ratios
 

of restored capacity to depreciated capacity. A ratio other than 1.0 in­

dicates documulation of capital. However, the zeros in Transportation 

and Housing sectors are misleading since these two sectors require only 

Construction as capital (since for Transport the special assumption is 

made that no new construction is required for the Third Plan period). 

Consequently the costs of restoring are the same as those for creating 

new capital. This makes the solution indifferent as to restoring or
 

creating new capacity in these sectors. Capital decumulation, however,
 

does take place in the 'Others and Margin' sector in the fourth and fifth 
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years, in Chemicals and 'Food-Clothing-Leather' sectors in the third year 

end in Electricity in the fourth year. For the eighth year zeroes do not 

indicate decumulation since only construction has a three year lag, and so 

only the construction part of the eighth year's new capital is invested 

during the plan period and once again the solution is indifferent as to 

restoring or creating capacity in these sectors. The shadow prices in 

Table 4-15 are the values of the undepreciated capital components of re­

storable capacities. For Construction and Transport sectors where there
 

is no undoprecinted component left, the non-zero price corresponds to 

the price of new capital, 

lit addition to capital, production in most sectors requires imports. 

Total imports in each sector are listed in Table 4-16 and the allocation 

between non-competitive and competitive imports is shown in Tables 4-17 

md 418o The so-cnlled "non-competitive" imports it will be recalled are 

tied to the level of output in the sectors inwhich they exist, The total 

amount of imports is limited to the utim of the exports and net capital 

inflow, including, economic assistance. The "non-.competitive" imports are 

nearly 50% of the total in the first year but rise to 85% in the fifth 

year as output inc'oases, 

The non-comptitive import coefficients are assumed constant through­

out the plan period, The neglect of import substitution programs could 

hold down the levels of domestic production below what is otherwise 

feasible. This however, has not hnppened as is shown by the existence of 

some competitive imports in all the five years.. Since the non-competitive
 

import coefficients establish floors on imports and since competitive 

import ceilings operate only on the "left-over" foreign exchange the 

distribution of imports is affected by both the non-competitive import 

coefficients and the competitive import ceilings.
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Interpretation of the pattern of imports is facilitated by the use 

of the shadow prices on the competitive import ceilings and the prices on 

the foreign exchange balance constraints which are shown in Table 4-19. 

These latter shadow prices are higher in the later than in the earlier
 

periods in spite of the greater stringency of resources in the first 
1 

periods. This is because the competitive import ceilings force the alloca­

tion of foreign exchange to sectors which in early years have lower shadow
 

prices. Furthermore, as explained in Chapter 2, the shadow price on the 

foreign exchange balance constraint is the value of the least valuable
 

output among the sectors to which non-competitive imports are made.
 

In each period the model allocates the available foreign exchange
 

which is not used for competitive imports first to the sector which can 

import and which has the highest shadow price on its output. Imports con­

tinue in this sector in this period until the sector's competitive import 

ceiling is reached. The allocation of foreign exchange then switches to 

the sector in which it is next most valuable in the same period, and again 

proceeds until the sector's import ceiling is reached. In all periods 

Agriculture has the lowest priority for the use of foreign exchange for 

competitive imports as is seen from the fact that price on the Agriculture 

import ceilings is zero in all years. Agriculture thus receives whatever 

is left over after the ceilings have been reached in other sectors. In 

this solution it is, therefore, always Agriculture whose shadow price is 

equal to the foreign exchange balance shadow price. 

The highest price on competitive import ceilings in the first year 

is on Equipment whereas the output of Cement and Non-Metals has the highest 

I Imports of the outputs of the Electricity, Transportation, Construction
 
and Housing sectors are not allowed and there are no non-competitive
 
imports in the Other and Margin sector. 
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shadow price in the first year. This is because the price on competitive 

import ceiling does not reflect the value of an additional unit of com­

petitive import in that sector but the value of an additional unit on the 

right hand side of the particular constraint. The shadow price for the 

competitive imports in Cement and Non-Hetals should be 117,00336, which 

is the shadow price of Cement and Non-Metals, 117.04334, minus the shadow 

price of foreign exchange in the third year, 0,03998. The competitive 

import coefficient for Cement and Non-etals is .02 and so SO units of 

foreign exchange on the right hand side of its competitive import ceiling 

are required to have one unit of Cerient and Non-etals, From Table 4.19 

the price for the constraint on Cement and Non-etals is 1.34007 and the 

value of the S0 units become 50 x 2,34007 = 117.0035 which is the same as 

the value of an additional unit of competitive imports in Cement and Non-

Metals above,
 

Tables 4-20 through 4-49 provide detailed information for the 

solution on the sectoral patterns of output and the use of resources in 

each period: the intermediate flows, production and replacement of fixed 

capital for various maturities, production for inventory and the holdings
 

of inventories, imports, exports and government consumption. Those tables
 

amplify the previous exposition and demonstrate the specific workings of 

the system. The summaries of the sources and the uses of output in each 

period are particularly enlightening. 

Finally the national income accounts for each of the five years
 

are summarized in Table 4-50, Sinve government expenditure in the solution 

represents only the consumption by government, value added by the government 

must be added in calculating the national income, This component is 

assumed to be a fixed proportion of the government consumption. Total 
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investment includes inventory change, fixed investment and replacement. 

To the extent that restoration is not distinguished from new capacity
 

creation by the solution, replacements are understate, and fixed invest­

ments are overstated. Ilie net national product is also overstated by
 

the same amount. 

The total investment requirements for the plan period add up to
 

Rs. 18218.72 crores for the 96% level of Third Plan targets. This corres­

ponds to a net investment requirement of about Rs. 13700 crores of which 

Rs. 2322.0 crores are for inventories and Rs. 11,400 croros for fixed 

investment. This estimate of total investment depends on the capital co­

efficients, inventory coefficients, initial and terminal capital and capital
 

in process. Itwould change if any of these changes. It is not dependent 

on the asstmptions of any particular lag structure, or of any particular 

composition of private consumption, or on the assumption of Lhe fixed 

composition of consumption. The estimate of investment requirements for 

the Third Plan targets in the official documents on a net basis is Rs. 

10400 croras of which Rs. 9600 crores were for fixed and Rs. 800 crores
 

were for inventory investment.
 

The domestic savings ratios in Table 4-50 are gross investment over
 

gross national product and are average rates. Even though the savings
 

rates would be considered high by Indian standards especially in the
 

latter years the solution has provided increases in per capita private
 

consumption in the first, fourth and the fifth years and maintained the 

per capita consumption levels in the second and the third years. The 

savings and investment requirements of the targets have been the focus 

of considerable discussion. We shall return to this issue again below. 

http:18218.72
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4.1.3 	 Alternative Solutions for Third Plan 

A single solution, while it may provide many insights, is not a 

complete planning exercise or test of a plan. Evaluation requires explora­

tion not only of sensitivity to changes in technical coefficients and be­

havioral assumptions, but also of the effects of alternative constraints. 

As pointed out previously, not all of the social and economic policy 

objectives of a plan can be embodied in one solution or even in one model. 

Operation of the model requires, however, that the social welfare objectives 

which are considered as well as the technical and behavioral parameters
 

be specified explicitly. Some of the alternative solutions will explore
 

the significance of changes in these parameters. All the parameters are
 

always subject to errors of estimation and this is also true of the initial 

conditions. In addition some of these quantities are subject to policy 

inflitences, and are therefore, to some extents a matter of choice. So the 

sensitivity tests will include investigation of changes in the inter­

national aid and trade conditions of the system as well. The alternative 

solutions also help in interpretation of the behavior of the model. 

Table 4-51 shows some of the major magnitudes obtained from the 

Tird 	Plan Target solutions which were carried out with alternative con­

straints and parameters. The first attempt at a solution with the full 

Third Plan Targets was infeasible as reported, In calculations T-2, T-3 

and T-4, the set of "lower" capital output ratios and "lower" inventory 

coefficients as shown in the alternate tables of Chapter 3 were tried 

yet no feasible solution with the full Third Plan targets could be found.
 

Infeasibility of solution with 100% of the Third Plan targets means that
 

there is simply not enough capacity to create the additional capital
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even if the composite consumption is reduced to zero. With
required 

three year investment lags the maximum capacities in all the 
sectors are
 

for the first three years by the initial conditions. Moreover,
prescribed 

investments must be started at the latest by the third year 
to meet the
 

target capacity levels at the beginning of the sixth year. Thus, given
 

the targets and three year gestation lags and other constraints, 
feasibility
 

solely determined by the initial conditions of capacity and capital in 
is 

Though our own estimates of initial conditions are conjectural,
process. 


in principle they are determined by prior events. Investment lags on the
 

other hand are not immutable but may be made the object 
of special efforts
 

to increase the rfficiency of implementation. A solution with shorter
 

investment gestation lags helps in evaluating the significance of such
 

an improvemnt.
 

solution T-5 the set of shorter investment gestation lags shown
Inr 


used along with lower capital and inventory coefficients.
in Table 3-14are 

In this case a solution was obtained with undiscounted consumption 
of Rs.
 

71832 crores. The performance of solution T-S is striking when compared
 

In this case the most
with the infeasibility of the prior solutions. 


important changes in the lag structure as between Tables 3-12 and 3-14
 

are in the reduction of the gestation period for Construction from 
three
 

years to one year and in reducing the three year lag in Cement 
and Non-


In these sectors as a result there is a wider range
Metals to two years. 


Further­
of capacities which can be achieved by the end of the Plan period. 


more, in the sectors with a two year gestation lag, new investments may be
 

late as the third year in order for them to mature in time for
started as 


can bottlenecks be broken moreproduction in the fifth year. Not only 

The

quickly but also substantial additional consumption can be created. 
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high shadow price of Cement and Non-Metals that was observed in the 

Reference Solution is eliminated in this solution and the consumption
 

growth constraints in the second and third years are no longer binding.
 

The total gross investment required for solution T-5 with 100% 

of targets is Rs. 19171 crores which is higher than the Rs. 18219 crores 

required in the Reference Solution. Still, the private consumption in 

solution T-5 is higher in every year than the private consumption in the 

Reference Solution. The additional freedom provided by the shorter 

gestation lags is effective in elimineting the bottlenecks earlier than 

in the Reference Solution. Idle capacities are reduced to less than 3 

per cent of the total capacities in the first three years and below 1 per 

cent in the last two years.
 

This striking performance of solution T-5 emphasizes the importance 

of investment lags in the growth process. Growth is a problem in economics 

Many of the problems in economic growth arise because of investment lags. 

If there were no investment lags, fixed 

capital could be constructed and used in the same period in am(unts limited 

only by availability of other non-producible resources, Associated with
 

each particular set of investnent gestation lags and a set of initial
 

capacities is a feasible space of target stocks that can be achieved at the
 

end of t years, Investment gestation lags become crucial only when the
 

stipulated target stocks are close to this feasible surface, The question
 

of technical feasibility of a set of plan targets isprecisely this: are
 

the targets within this particular feasible region or not?
 

Solution T-6 with 96% of Third Plan Targets is tie Reference
 

Solution and has been already described. Solutions T-7 and T-8 with social
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discount rates of zero per cent and twenty per cent respectively indicate 

the insensitivity of the model solutions to social discount rates over
 

this range. There are two sets of influences contributing to this result.
 

First, it is to be expected in a linear model which would flip the concen­

tration of consumption from one end of the time span to the other only at 

Since the optimal pro­the critical discount rate, which was beyond 20%. 

gram is the same for discount rates of 0.0% and 10.0% and differs by only 

one activity from the optimal program for discount rate 20.0%, this indi­

cates that the critical discount rate is greater than 20% for the Third 

Plan economy as described by the model parameters. Secondly, the time
 

period is so short and the solution so constrained by initial and terminal 

anconditions that there is little scope for the discount rate to have 

effect.
 

In Target Solutions T-9 and T-10 the constraints on the rate of 

growth of private consumption are varied. The relaxation of the minimum
 

rate of growth from 2.5% to 0.0% in Solution T-9 absorbs some of the idle
 

capital in the second year that is present in all sectors in the Reference
 

Solution. This happens since it is now possible to provide some additional
 

consumption in the first and the second year without having to provide
 

even more of it in the third year. However, the consumption growth con­

straint is still binding between the second and the third year but is no
 

longer binding between the first and the second year,
 

An annual growth rate of 5% in aggregate consumption provides
 

roughly a 2.5% annual increase in per capita consumption. Imposing this
 

requirement in Solution T-10 reduces the value of the maximand since the 

solution can meet the constraint only by lowering the initial level of
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consuaptica. The growth constraint now becomes binding for the last fou: 

1 
years. Private consumption is lower in the first, second and fourth 

years than in the Reference Solution but higher in the third and the 

fifth years. The lower consumption in the second year releases Cement 

and Non-Metals which are used as inputs to Construction. Investment in­

creases in the second year and idle capacity in Cement and Non-Metals is
 

eliminated at the same time total idle capacity in the second year is in­

creased. 

In Target Solutions T-1, T-12, T-13 and T-14, the initial capacities
 

and therefore the total capacities available to the system are adjusted
 

directly to test the effects of possible errors in the measurement of the
 

initial capital endowments, There have been suggestions that substantial
 

excess capacity has existed in Indian industry and in some sectors as, for 

example, in the Construction industry capacity is difficult to define and 

measure. Changes in initial capacities help in interpreting the shadow 

prices. These prices on capital and initial endowments indicate the
 

effects on the maximand of marginal changes in the effective capital
 

available to the economy. Their usefulness as indicators of the effects
 

of substantial changes is tested in this next set of solutions. The
 

Reference Target Solution indicated that Cement and Non-Metals was the
 

primary bottleneck in the early periods.. In Target Solution T-11 the
 

initial capacity in the Cement and Non-Metals is increased by 5. This
 

5% increase leads to an increase in fixed capital in Cement and Non-Metals 

of about Rs, 22.0 crores. An additional unit of capital in the first
 

1 Since C(O) a 0, the constraint is inoperative in the first year.
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period is worth the shadow rental price in the first period plus the 

shadow price of new capital in the second period. Using these shadow 

prices in the Reference Solution this additional capital is worth 

22.0 x (24.9 + 135.2) = 3522.2 Rs. crores to the maximand. In fact, 

however, the actual increase in the meximand in Solution T-11 is 58550 ­

57828 a 722 Rs. crores. This demonstrates the limitations in this model 

on using shadow prices to predict the effects of substantial changes. 

The additional initial capacity in Solution T-11 eliminates the 

Cement and Non-Hetals bottleneck; no longer is there idle capacity in 

the second year in Agriculture or in Cement and Non-Metals. The shadow 

rental price of capital in Cements and Non-Metals in the third year falls 

to 0.50 from 128.38 in the Reference Solution, Now, however, the solution 

runs into Construction capacity limitations and the rental price of 

Construction capital rises from 4.14 to a maximum of 144.17 also in the 

third period. 

In the Reference Solution it seemed that if only the shortage of 

Cement and Non-Metals could be relieved, the overall performance of the
 

solution would substantially improve. Everything seemed then to hang on
 

one peg. And it did, too. In a linear model the critical constraints
 

at the vertex would always dominate the so.lution. Yet it should be re­

membered that no matter what, one is always at a vertex in a linear
 

programming solution. Depending upon the transformation surface at the 

vertex, the shifts in prices may be relatively larger or smaller than
 

the shifts in quantities.
 

Since Construction capacity is intrinsically difficult to estimate 

when carried on as in India with a variety of technologies, initial 
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capacity in Construction is increased by S% in Solution T-12 to obtain
 

another test of sensitivity. In this case the scarcity of Cement and 

Non-Metals is still binding and only a small increase in consumption can 

be achieved in the first four years. 

In Solution T-13 all initial capital availabilities are increased
 

by ten per cent. This, of course, is a drastic change, even more drastic
 

than a ten per cent reduction in the targets. It increases the productivity 

of the system in all directions at the beginning of the planning period. 

Overall, it reduces the required rate of growth in capital stocks over
 

the planning period from 7.2 per cent to 5.2 per cent. As a result the
 

total available private consumption increases by about 14 per cent over the
 

Reference Solution and the entire pattern of relative scarcities changes.
 

The targets become so readily achievable that the system can concentrate
 

more of the available resources on the production of consumer goods in
 

order to increase the value of the maximando The solution achieves in
 

excess of targets in the Agriculture and Plantation, Food, Clothing and
 

Leather, and Housing sectors. The shadow prices, particularly after the
 

first period, indicate that the relative scarcities are highest in the
 

consumer goods sectors.
 

The initial availabilities are reduced by 10% in case T-14 and no
 

feasible solution can be found with the 96% level of targets.
 

In Target Solutions T-15 to T-18 capital-output ratios in the
 

Agriculture and Plantati.ons and in the Housing sectors are varied. These 

sectors not only make important contributions to the consumer budget but 

their capital-output ratios are relatively large and uncertain. The 

capital-output ratio in Indian agriculture, for example, has been variously 

estimated from 1.0 to 2.5. While the capital-output ratio in llousing 
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depends on the character of the Housing created as well as construction
 

methods used.
 

In Solution T-IS, the capital-output ratio in Agriculture is increased 

to 2.5 from 1.51. This requires additional investment of about 1S00 Ps. 

crores in order to meet the Third Plan targets. No feasible solution 

can be found for this case. 

Next the capital-output ratio in Agriculture and Plantations is re­

duced to 1.0 in Solution T-16. The solution provides in this case more
 

agricultural capacity than demanded by the targets. The change in capital
 

stock in Agriculture and Plantations from the first to the sixth year is
 

Rs. 1883 crores as compared to Rs. 2243 crores in the Reference Solution, 

This reduction in investment in Agriculture is less than half of what it 

could have been if only the targeted output capacity were met.. The lowered 

investment requirements releases capital goods in the first three years
 

and breaks the Cement and Non-Metals bottleneck, There is no longer 

excess capacity in all the sectors in the second year. In fact the prices 

are smoothed out so effectively that the price of 6,72 for Cement and Non-

Metals in the second year is the highest price of any good in any period. 

All this occurs because demand for investment is reduced by the lowered
 

capital-output ratio in Agriculture, which in turn reduces the strain on
 

Cements and Non-Metals. Once the bottleneck is broken, the solution has
 

enough productive capacity to provide even more capacity in Agriculture
 

than is targeted because the objective is increased by doing so.
 

The capital-output ratio in the Housing sector is the largest in
 

the system. In solution T-17 this ratio is reduced to 7,5 from 10.0.
 

The reduction can be considered as reflecting the uncertainty of estimating
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the value and quality of housing and consequently of estimating the 

capital-output ratio. Moreover Housing is a service whose consumption 

might as a matter of policy be given a low priority in an attempt at 

rapid industrialization. To analyze the effects of different priorities, 

one could lower the targets in Housing and alter the consumption propor­

tions of the composite consumption. However, since Housing is not used as 

an intermediate product by any sector, a reduced capital-output ratio in 
1 

Housing has the same effect. Capital in Housing is all in the form of 

Construction and lowering its capital-output ratio reduces the demand on 

Construction and consequently on Cement and Non-Metals. Once again this 

eliminates some idle capacity. In the second year capacity in Agriculture 

and Plantations is fully used. The consumption growth constraint is now 

binding only between the fourth and the fifth years. The highest shadow 

price is now that of Cement and Non-letals in the third year and is 10.71. 

In solution T-18 the capital-output ratios in Housing and in Agri­

culture are both lowered. The increase in undiscounted consumption over 

the Reference Solution is Rs. 2627 crores whereas in solutions T-16 and T-17 

the increases are Rs. 2317 crores and Rs. 1218 crores respectively. This 

confirms the interpretation that the changes in both the solutions T-16 

and T-17 break the sane bottlenecks.
 

The alternative, lower inventory coefficients in Agriculture, Food, 

Clothing and Leather products, and Chemicals are used along with lower 

capital-output ratios in Agriculture and Housing in solution T-19. From 

the s matrix in Table 3-7 it is seen that reducing the inventory coef­

ficients in these sectors reduces primarily the demand for Agriculture 

and Chemicals. In solution T-18 the shadow price of Agriculture in the 

third year is the highest shadow price of any output and is 4.27 which 

Excepting for the difference in intermediate goods requirements, which
 
are small for Housing. 
I 
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makes the reduction in demand for inventories of Agriculture especially 

valuable. Thereforej even though the lowered coefficients correspond to 

a reduction in investment in inventories of Rs. 860 crores for the five 

years, the increase in undiscounted consumption over solution T-18 is 

Rs. 1240 crores.
 

In addition to the changes in solution T-19, investment lags are 

also shortened in solution T-20. This solution thus has the most opti­

mistic set of technical parameters investigated and results in the highest 

levels of private consumtion. The shorter gestation lags give enough
 

freedom for the solution to virtually eliminate idle capital as early as
 

in the third year in which less than 0.5 per cent of capital is idle.
 

However, compared with solution T-19, the increase in undiscounted private
 

consumption is only Rs. 949 crores. It was pointed out in discussing
 

solution T-5 that the structure of investment lags was important in
 

determining the character of the adjustments and the overall behavior. 

Solutions T-17, T-18 and T-19 indicate that this lag structure is
 

relatively unimportant when the bottlenecks are broken by lowered demand
 

for investment goods. 

In solution T-21, the shorter set of gestation lags and the lower
 

inventory coefficients are used with the 'standard' capital output ratios.
 

The sum of undiscounted private consumption is Rs. 72435 crores and is Rs.
 

2227 crores less than in solution T-20. This is comparable to the differ­

ence of Rs. 2627 crores between solution T-18 and the Reference Solution,
 

which two also differ from each other only in the capital-output ratios.
 

Thus a lower demand for investment goods ,which results from the lower
 

capital-output ratios for the output of capital producing sectors, is
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always helpful in these solutions.
 

The next set of trial solutions, from T-22 to T-30, relates to 

changes in the availability of foreign exchange due to changes in exports 

or net foreign capital inflows, which includes foreign aid, and to the 

allocation of imports. In solution T-22 when the capital inflow is in­

creased by 25 per cent to Rs. 625 crores per year, which amounts to an
 

the sum of undiscountedincrease of Rs. 625 crores for the plan period, 


private consumption increases by Rs..1624 crores. Thus the productivity
 

of foreign aid seems to be 1624/62S a 2.6. However, this is not necessarily 

the real productivity of foreign exchange in the Third Plan period. First, 

as pointed out in other connections the model objective function does not 

make any allowance for increases in the stream of post-terminal consumption
 

over and above that provided for by the targets. Thus the additional aid
 

may not be put to the uses which would result if such overfulfillments
 

carried some weight. Secondly, the additional aid kes it possible for
 

some of the idle capacities that exist in the Reference Solution to be
 

utilized. However, part of these idle capacities may be thie result of 

assumptions of fixed composition of consumption or of fixed investment
 

lags. To the extent that these assumptions can be modified in reality
 

the decrease in idle capital, which results when additional foreign
 

exchange becomes available, is overstated. Even though idle capacities
 

are not substantial in the Reference Solution, they may be quite important
 

in determining marginal productivity of foreign capital. Thirdly, the
 

savings rates of the model solutions are substantially higher than
 

actually observed and, in these solutions, the value of foreign exchange
 

is lower than if the savings rate were itself constrnined to a lower level.
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For solution T-22 in which the inflow of foreign capital is in­

creased the shadow prices on the foreign exchange balance constraints for 

the first three years are higher than the corresponding prices in the 

Reference Solution. This curious behaviour is the result of the fact 

that the shadow prices reflect only the value of relaxing one constraint 

at a time. 1fowever, in solution T-22 the foreign exchange availability 

is changed in all the five years simultaneously and not just one year. 

In solution T-24 the inflow of foreign capital is increalsed by Rs. 

500 croes a year to Rs. 1000 crores per year and as a result the private 

consumption over five years increases by Rs. 3037 crores. Coiapared with 

solution T-22, for an additional exchange of Rs. 1875 crores an increase 

in private consumption of only Rs. 1413 crores is realized. There are 

two particularly important reasons why private consumption does not in­

crease by at least as much as the additional exchange, Imports are not 

permitted in all the sectors whose output makes up the composite con­

sumption good. Moreover, the ceilings on competitive imports force imports 

in sectoral proportions not consistent with the composition of private
 

consumption. This makes it necessary to supplement imports with domestic
 

production not only in the non-importing sectors but also to some degree
 

in most of the importing sectors. In solution T-24 there is more idle
 

capital in all but the second year than in the Reference Solution. This
 

indicates the unfavorable distribution of imports forced by the ceilings
 

on competitive imports.
 

The effects of reduction in the inflow of foreign exchange is much
 

more dramatic as is seen in solution T-25 where foreign exchange inflow
 

is at Rs. 375 crores per year, a reduction of 25 per cent from the Reference 
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Solution. This loss in foreign exchange of Rs. 625 crores over five
 

years leads to a reduction in private consumption of Rs. 6098 crores.
 

In T-26 the foreign capital inflow was reduced to zero and no feasible
 

solution could be found. In the conditions of the present solutions aid
 

is a much bigger stick than it is a carrot; when withdrawn, it is more
 

damaging than it is beneficial when increased. Before this is inter­

preted as demonstrating India's dependence on aid givers or as a support
 

for import substitution policies, the same qualifications have to be
 

recognized as were made in interpreting the productivity of additional
 

foreign exchange, In solution T-25 where aid is reduced there are large
 

amounts of idle capacities in all the three major consumption sectors,
 

Agriculturo, Housing and Others and Marpin, ill the first four years, In 

the real world where consumption and input proportions are not so rigidly 

fixed at least some of these idle capacities would have been used to 

generate additional consumption, 1Iowever, the fact of these idle 

capacities is suggiestive0 The idle capacities in consumer sectors exist 

because the investment requirements of the targets are so high that they 

exhaust the capacities in Mining and Metal and in Equipment in order to 

reach the targets. As a result there is no capacity left in these two
 

sectors with which to make their proportionate contribution to the
 

composite consumption good.
 

Solution T.27 shows an addition of Rse 1676 crores in private 

consumption over the Reference Solution due to the elimination of ceilings 

on compeitive imports. The shadow prices on foreign exchange balance 

constriants are higher since it can now be allocated to the more profitable 

uses. The idle capacities are reduced and in the fourth and the fifth years 
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they are completely eliminated. Yet it does not follow from this result
 

that the distribution of imports during the Third Plan period could have
 

been improved. The distribution of imports enforced in the Reference
 

Solution is not necessarily that which actually prevailed. In addition
 

a different allocation of imports might be optimum for the 96 per cent
 

level of targets than for the 100 per cent level of targets,
 

In solution T-28 the ceilings on competitive imports are removed
 

and a level of foreign capitnl inflow of Rs. 1000 crores per year is
 

The idle capital in this case is greatly reduced as it is no
assumed. 


longer necessary to adjust capacities to imports but instead competitive
 

imports at least can be adjusted to capacity. The additional private
 

consumption that is generated by the increased foreign exchange inflow
 

in this case should be compared to solution T-27. For Rs. 1875 crores of
 

additional foreign exchange an increase of Rs. 1973 crores of consumption
 

is obtained in T-28.
 

In solutions T-29 and T-30 the growth rates for the export projections
 

are varied. Beginning with the same level of exports as in the Reference
 

Solution in the first year, exports are projected for subsequent years at
 

3 per cent and at 5 per cent annual growth rates respectively in the two
 

solutions as compared to the 4% of the Reference Solution. The lower
 

export growth rate of Solution T-29 corresponds to a fall in exports for
 

the five years of Rs. 47 crores as compared to the Reference Solution and
 

as a consequence a decrease of hs. 91 crores in private consumption occurs.
 

In solution T-30 for a relative rise in exports of Rs, 76 crores an in­

crease of Rs. 127 crores in private consumption takes place. Even though
 

producing additional exports requires domestic resources, the foreign
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exchange earned is more valuable in terms of the objective function.
 

This means that the domestic resources used for exports in fixed pro­

portions are less valuable than the imports which are increased in not
 

quite so fixed proportions.
 

Estimates made in 1964 are available in the P.P.D. Notes of the
 

levels of output which appeared likely to be achieved in 1965-66. These
 

1965-66 output levels adjusted on eleven sector basis from Table 3-26
 

are used as targets in solutions T-31, T-32 and T-33. These solutions
 

cannot be considered as simulating the Third Plan period for several
 

reasons. Among the most obvious is that these 1965-66 output levels are
 

not the targets which were pursued from the beginning of the plan. These
 

levels were reached after a variety of revisions and adjustments including
 

those made necessary by the conflict with China in 1962. For this reason,
 

if no other, one would expect the model solution to perform better than
 

the real world.
 

Table 4-52 shows the National Income Accounts for solution T-31 

where the 'standard' sets of gestation lags, inventory coefficients and 

capital coefficients are used. The level of private consumption and the 

gross national product in the first year are 5 per cent and 55 per cent 

above the respective levels in the year 1960-61. The level of private 

consumption and the gross national product in the fifth year are slightly 

higher than estimated in the P.PoD. Notes. The gross savings rate in 

1961-62 at .1308 is only slightly higher than in 1960-61 at .12/0 implied 

in the IoS.I. input-output table, Table 3-2. 

The total investment in the five years is Vs. 17955 crores. However,
 

in the solution, the target for Agriculture has been overachieved and about
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Rs. 450 crores of investment need not have been made to reach the esti­

ated level of output. Subtracting an additional Rs? 4500 for replacement 

this leaves Rs. 13000 crores for net investment. This amount is higher 

than what was planned in the Third Plan even though the targets are 

actually lower than the original targets. The investment is also higher
 

than the actual investment achieved during the Third Plan period which has 

of investmentbeen estimated at around Rs. 9500 crores. The higher rate 

in the Target Modl Solution to achieve a lower level of targets may be 

due to any one or more of the following possibilities: 

(1)The levels of investment calculated in the solution may be in 

error because the initial conditions and/or terminal conditions have not 

been correctly stipulated. The arbitrary adjustments which we made in 

order to achieve full coverage of the 1965 outputs and to stipulate the 

initial and final amounts of capital-in-process should be recalled at this
 

point. If, as we are inclined to believe, the adju=tments tended to over­

state each one of these quantities, the amount of investment required in
 

the solution would also be overstated. In solution T-31 investment for
 

the purpose of creating capital-in-process for the early years of the 

Fourth Plan accounts for Rs. 2295 crores and the solution is endowed with 

Rs. 1757 crores of unfinished capital at its outset. Underestimation in 

the latter figure and overestimation in the former would contribute even
 

more to error in the total investment calculation.
 

(2)The investment calculated in the solution may be overestimated 

if the real ratios of fixed capital and inventories to output are lower 

than the ones used in the solution. If lower ratios were used in a 

solution trial even more private consumption could be provided than in 
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solution T-31. That would bring the value of the maximand even further 

above that actually achieved, but, as pointed out, the lower actual level 

of achievement can be explained by the relative efficiency and foresighted­

ness in the model. 

(3)The levels of investment calculated for the levels of output 

expected to be achieved may be closer to a correct representation of reality 

than the official projections. The "facts" themselves contain elements of 

conjecture, and the PoP.D, output and investment esti-mates for 1965-66 

are presented only as "likely" achievements. 

(4) The accounting which we use may not be completely comparable to 

that of the official statistics or the PoP.D. estimates. There is some 

evidence of non-comparability in the various sources which we have used
 

and we are not confident that this has been entirely eliminated,, 

Solution .T-32 with lower capital coefficients and T-33 with lower 

inventory and capital coefficients as well as shorter lags indicate even 

more optimistic performance than in solution T-31.
 

4.2 Analysis of Third Plan Target Solutions
 

The alternative solutions to the Target Model for the Third Plan 

period provide a variety of insights from which we shall now try to extract 

some summary judgments as to the technical and operational feasibility of 

the Third Plan Targets. 

On the issue of technical feasibility, as defined above, the results
 

can be summarized as follows:
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A, The Third 	Plan targets were technically feasible if 

(i) -the "shorter" investment lags prevailed, 

and 	 if (ii) the "lower" capital coefficients and the "lower"
 

inventory coefficients prevailed,
 

and if (iii) 	all other coefficients, parameters and exogenous
 

quantities used are reliable representations of
 

reality. 

B. The Third 	Plan Targets were technically infeasible if 

(1)the three year investment lags describe reality,
 

and if (ii) 	 the "standard" capital coefficients and the 

"standard" inventory coefficients prevailed,
 

and if (iii) all other coefficients, quantities and parameters
 

are reliable.
 

One set of qunntities whose significance might be overlooked in 

the customary concern with capital-output ratios and gestation lags are 

the initial endowments, the capacities and amounts of capital-in-processo 

It will be recalled that to establish these we assumed that the outputs of 

the preoplan year, ioe. the last year of the Second Plan, represented full 

use of available capacity, that sectoral capacities grew in the pre-plan 

year at the average annual rates implicit in the Third Plan targets and 

that the capital-in-process started in the last two years of the Second 

Plan was adequate to maintain these growth rates in the Third Plan period 

itself. 

The existence 	of excess capacity in Indian industry has been a 

matter of considerable conjectural discussion as have been the issues
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related to the phasing of successive Plans.. If, in those sectors which
 

were "bottlenecks" in the solutions, there were tsable excess capacity or 

if the initial capital-in-process were underestimated by our procedures, 

the conclusions above would have to be modified, The exact amount by 

which these initial conditions would have to change in order to affect the 

outcome of the solutions would again depend on the other coefficients and 

parameters assumed.
 

The data available to us do not pe2imit a more definitive Judgment 

on these issues. It is worth noting, however, that, if our assumptions as
 

to initial conditions arm warranted, then 25 per cent of the total net in­

vestment programmed duriig the Second Plan would have been for the purpose 

of creating capacity wlich would have been used only during the Third Plan. 

Based on this and more general and intuitive impressions we believe that 

our errors with respect to initial conditions have been in the direction 

of over- rather than under-estimation. 

Even if te issue of technical foasibility is decided favorably,
 

all the proble.,s of operational feasibility remain. We shall not enter
 

here on questLons of the adequacy of the organizational structure to 

implement tte plan or the availability of the required skills of all types. 

Though we ,omphasizetheir importance in a comprehensive evaluation, our 

technique tells us nothing on such matters. It does, however, yield 

informacion on another crucial aspect of feasibility: the investment and 

savings required to realitO the targets. 

Table 4-53 summarizes four estimates of total investment requirements.. 

Shovn first are the official estimates of the Third Five Year Plan document, 

which& on a net basis, comes to Rs. 10,400 crores of which Rs. 9,600 crores 
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was fixed and Rs. 800 crores was inventory investment. We could not find
 

a comprehensive estimate of replecement requirements.1 

The second estimate in Table 4-53 applies a conventional technique 

of multiplying projected increments in output in each sector by a sectoral
 

capital-output ratio and summing. 7tis appears to have been a commonly
 

used procedure in preparing the Indian Plans, Line 2.1 is the conventional
 

It contains
capital-output ratio calculation of investment requirements. 


an adjustment to obtain the investment requirement for the actual plan
 

period. First the capacity on hand at the beginning of the plan period
 

was greater titan that which produced the output levels of the pro-plan
 

period, Xi(O) by the amount of investment which matures during the pre­

plan period. Secondly, the capacity on hand at the end of the plan will
 

be greater than that which produces the target output levels of the fifth
 

year by the amount of investment which matures only at the end of the last 

year and is not available for production during the last year. The adjust­

ment is made by applying the growth rate implicit in the Plan to each of 

the output levels. Lines 2.2 and 2.3 add the net investment in fixed 

capital in pro-cess during the plan in order to calculate total net invest­

ment in fixed capital. With the inventory investment calculated in line 

2,5 it adds up to total net investment in line 2o6. When replacement is 

added the total gross investment is given in line 2.8. 

1 An estimate of Rs. 1SO crores was made for the industrial.sector as a 
whole as a projection of the replacement carried out in the Second Five 
Year Plan period. However, this was admittedly less than the replacement 
requirements estimated for the cotton, jute and woolen textile industries 
alone. See Third Five Year Plan, p. 460. 
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The third set of estimates in Table 4-53 is taken from two
 

solutions, the Reference Solution for the 96% level of Third Plan targets
 

and solution T-31 with the 1965-66 liely achievement estimates. It can
 

be seen that these estimates are roughly the same as those based on the
 

projected increments in output and the use of capital-output ratios. The
 

small differences are due to the fact that in the solutions replacements
 

are sometimes not made whereas on line 2.7 they are all assumed to be made.
 

However, the model solutions provide cumplete details on the sectoral
 

amounts, timing and uses of investment.
 

It may be recalled that the investment estimates of the Target
 

Model are to a considerable degree independent of the optimizing mechanism.
 

The calculation of the investment required solely to meet the plan outpuc
 

targets does not depend on the optimizing mechanism in any way and can be
 

regarded as taking place independently. The distribution of that invest­

ment over the planning period will be directed by the optimizing mechanism
 

in a manner which will permit the maximum amount of consumption to be
 

produced with the given resources. If at all possible, it will generate
 

additional investment to further increase capacity in order to produce
 

additional consumption goods. In the Reference Solution, however, the
 

constraint of meeting the targets is so great as to allow the solution
 

virtually no opportunity to divert resources to producing even more in­

vestment than stipulated by the targets in order to increase consumption
 

goods output. In addition the solution to the Target Model might call
 

for more investment than a simple incremental calculation such as that of
 

line 2.3 in Table 4-53 would indicate if the sectoral composition of the
 

targets is "imbalancedo" That .is,the targets may stipulate a level of
 



4-42
 

output for one of the capital producing sectors which is below the actual
 

levels needed if the other sectoral targets are to be achieved, That, in
 

fact, appears to be the case in Construction in the Reference Solution..
 

However, the overachievenent in Construction is quite small..
 

The second and third sets of estimates in Table 4-53 show investment
 

level of targets, than the planned
requirements which are higher for the 96% 


The differences may arise due to
investment for the 100% level of targets, 


We have mentioned
discrepancies in any of the elements in the computations, 


the problems in ostimating initial conditions. There are similar problems
 

in estimating terminal conditions, The Plan calculations may have used
 

different capital coefficients and this in turn might be due to its pro­

jection of increasing,returns not embodied in our linear model,
 

The differences may also reflect some incomparability in the estimates
 

of the plan and of tho target solutions here as was suggested by solution
 

T-31 with the P P,,D, estimates of 1965-66 likely outputs as targets. The
 

1960-61 gross 3avings rate in the IS.,I, input-output table, Table 3,-2 

is 12.8%, Net savings=income rate for the period 1961-63 is estimated
 

by the Reserve Bank 1 at 9,5%. However the P,,P.D, Notes give for 196&.61
 

a gross savings rate of 9,9%.
 

Whether the savings required are higher than planned or not, the 

savings rates increase over the plan years and would require special 

efforts to realize them. Among the lessons to be learned from the 

solutions is an enhaiced appreciation of the difficulties of coming to 

judgments about a van when complete specifications are not available and 

See Reserve Bank of India Bulletin, March, 1965, po 327. I 
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the facts themselves are debatable. Though the Target Model calculations 

raise doubts as to the technical and operational feasibility of the Third 

Plan targets we would stress again the tentative character of the results. 

4.3 Target ;odel Solutions for a Set of ProposeJ Fourth Plan Targe:s 

4.3.1 Assmptions for the Fourth Plan Targiet Solutions 

A set of targets for the Fourth Five Year Plan were proposed by the
 

Perspective Planning Division of the Indian Planning Commission in Notes
 
1
 

on Perspective of Development. India: 1960-61 to 1975-76. These will be
 

the subject of the next set of solutions and analysis. It should be empha­

sized that the proposals contained in the Notes were for discussion and
 

did not represent a final and officially adopted set of targets for the
 

Fourth Plan period. Yet the Notes contain the only set of proposed Fourth
 

Plan targets which were published which is sufficiently comprehensive to
 
2
 

basis for analysis.
form a 


ITe analysis of the Fourth Plan Targets proceeds along lines
 

similar to the analysis of the Third Plan and, since the results are
 

generally similar in character, can be summarized more briefly. This
 

analysis is even more tentative than that for the "!hird Plan, however, as
 

neither the initial conditions nor terminal targets can be as fl,..nly speci­

fied. Most of the information on initial conditions and targets are taken
 

from the Notes. The initial conditions, that is, the set of capacities
 

and capital-in-process at the beginning of the Fourth Plan period, are
 

1 April) 1964. 

2 Subsequently the beginning of the Fourth Plan was postpoued and pre­
sumably in 'heso changed circumstances the targets in the Notes would no 
longer be recommended for the Fourth Plan. The Fourth Pla itod referred 
to here is the one originally foreseen, 1966-67 to 1970-71.
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more provisional than in the case of the Third Plan as final estimates
 

for the Third Plan period were not available at the time of writing.
 

Furthermore, the P.P.D. Notes estimates of outputs of the "organised" 

parts of the sectors are adjusted in a manner which has essentially 

arbitrary elements duo to lack of information to obtain a more complete
 

coverage consistent with the input-output matrix. This adjustment is
 

carried out on an eleven-sector basis as well as on a thirty-two sector
 

basis. Thus we have two alternative sets of tentative initial and target
 

levels of outputs.
 

Itwil) again be convenient to conduct the exposition in terms of
 

a Fourth Plan Reference Solution and alternative Fourth Plan solutions
 

with changes in parameters, The following data are used for the Reference
 

Solution.
 

(1)The technical coefficient matrices a, b* s, p' p", P%' r"' 

r" and r"' are assumed constant throughout the plan period and are those 

presented in Chapter 3 as the reference values0 

(2)The consumption coefficient c(t). non-competitive import co­

efficients ml and competitive import ceilings m" are also assumed constant
 

throughout the plan period.
 

(3)Requirements of T, T and D are exogenously specified at the
 

levels shown in Tables of Chapter 3.
 

.(4) Net foreign capital inflow is fixed at a constant value of
 

Rs, 500.0 crores per year. 

(S)A social discount rate of 10% is used for private consumption
 

in the objective function. i.e. w w 0.10.
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(6) The minimum growth rate of consumption q(t) is set at .025 

(i.e. 2.5%) for all the periods. However, C(O) is set at zero. 

(7)The initial output XM and the terminal year output Y are 

the P.P.D. Notes 1965-66 and 1970.71 estimates a usted for coverag on 
1 

the eleven-sector basis from Table S-26. The initial and terminal growth
 

rates are the implied growth rates between these X(0) and X(S).
 

Once again it is pointed out that the Reference Solution should not 

be considered as our best guess as to the Fourth Plan nor as one embodying 

all the assumptions of the Fourth Plan targets as set out in the PoP.Do 

Notes.
 

4,3.2 The Reference Solution
 

A feasible solution was obtained for the Fourth Plan targets and 

parameters as described in the preceding section. The Reference Solution 

is presented in Tables 4-54 through 4-73. 

The sum of undiscounted private consumption over the five years 

from 1966-67 through 1970,71 is Rso 80311 crores and the sum of discounted 

consumption is Rs. 66664 crores. 'Te POP.Do Notes estimates of undiscounted 

private consumption for this period is about Rs. 90000 crores. However, in 

the Reference Solution there are substantial excess capacities in all the 

sectors in the third and the fourth year. These excess capacities resulting 

from certain rigidities in the production and consumption structure of the 

model might in reality be used to provide more consumption if the rigidities 

can be overcome. 

1 These will be referred to as the Fourth Plan targets recognizing, as 
pointed out above0 that they are in their source, not official, and have 
been further adjusted by us. 
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An overall guide to the details of the Reference Solution is pro­

vided by recognizing that, in this case, the availability of foreign 

exchange rather than domestic capacity sets a limit to the domestic out­

put which can be produced in the last year of the plan. In this year as 

shown in Table 4.41 there are no competitive imports because all the foreign 

exchange available is required for non-competitive imports which are deter­

mined by domestic output levels, and these levels are less than domestic 

capacities. It should be noted that the non-competitive import coefficients 

used in the Reference Solution are kept constant at the level of their 

1960-61 values. If the import substitution program which is implied in the
 

PoPoD, Notes were successful in changing the non-competitive import coef­

ficients, the limits imposed on the domestic production by the availability
 

of foreign exchange could be extended..
 

In this case as in the Third Plan case Mining and Metal, Equipment, 

and Chemicals are planned to be the fastest growing sectors while the planned 

growth of the predominantly consumers goods sectors is at a lower rate. 

This is seen both in Table 4-54 which presents Gross Domestic Outputs and 

Table 4-57 which presents the Available Capital Stocks. On the whole the 

shadow prices on output in Table 4-55 also reflect this relative emphasis 

but we shall return later to this table to explain some of the more striking 

features of.the solution. 

From Table 4-56 which shows the details of private consumption for 

the five years, it is seen that the consumption growth constraint is binding 

for all the four years. This is an outcome not of a flip-flop tendency to 

concentrate consumption at the beginning of the plan period but of the 

fact that thd capacity to produce private consumption in the fifth year is 
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limited by the availability of foreign exchange. The consumption growth 

constraints, acting backwards , then restricts the private consumption in 

the first four years. This interpretation is supported by the presence of 

excess capacities in all the sectors in the third and the fourth years as 

shown in Table 4-59. 

Within the limits of the given availability of foreign exchange in 

the fifth year the solution adjusts the composition of the output by altering 

the amounts of investment and consumption in each period to ameliorate the 

effects of this constraint. 

Tables 4-57 to 4-61 which summarize the formation, availability and 

use of capital throw considerable light on the determining forces in the 

solution. There is capital formation in all periods as shown by Table 

4-57 but not in all sectoi-s in every period. For example, in Mining and 

Metals. Equipment, Chemicals, Food and Clothing, and Electricity the capital 

available in the fourth and fifth periods is the same. There is even do­

cumulation in Housing, and Other and targin in these periods and in Mining 

and Metals, Food and Clothing, and Transportation in the sixth period. 

The tables indicating the use of capital show substantial excess capacities 

in every period and, contrary to what one might expect, the absolute and
 

relative amounts of idle capacity actually increase in many sectors in
 

the third and fourth years. These features suggest that with the given
 

conditions it is preferable in many sectors to concentrate on capital
 

formation at the beginning of the plan period and to have this capital
 

idle in the fourth and fifth years rather than to spread the new capital
 

formation to achieve the targets more uniformly over the plan years.
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The shadow prices of outputs in Table 4-55 reflect these adjust­

ments in the solution to minimize production for fixed investment in the
 

fifth year. The highest shadow price in the entire plan period is 64.83
 

for Mining and Metals in the second year when its capacity is fully 

utilized. Mining and Metals is one of the major inputs to Construction. 

An additional unit of output of Mining and Metals 'in the second year would
 

have made it possible to start additional investment to mature at the be­

ginning of the fifth year in the form of Construction since Construction
 

has idle capacity in the second year. Furthermore. since there are idle
 

capacities in all the sectors in the third and fourth year and foreign 

exchange is not an absolute bottleneck this investment started in the 

second year could be completed. The importance of Construction in the 

second year is also indicated by its shadow price which is the second
 

highest in that year,
 

The shadow rental prices confirm the earlier interpretation of
 

shadow prices of outputs. So do the idle capitals in Table 4-59. The
 

idle capacities in the third and the fourth years cannot be used in the
 

production of either consumption or investment. The consumption growth
 

constraints would require additional consumption in the fifth year. In­

vestments started in the third or the fourth year have to be supplemented
 

with vdditional investments in the fifth year. Neither can be provided
 

due to the foreign exchange limitation, 

The idle capacities in the first and the second year cannot be used 

to generate additional investment due to the shortage of capacity in Mining 

and Metals. The bottlenecks of Mining and Metals cannot be broken by
 

imports due to the ceilings on competitive imports. 
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The high shadow prices of the output of Mining and Metals, and of 

Equipment in the third period are striking. Since there are excess
 

capacities in all sectors there are no bottlenecks to be broken. How­

ever, an additional unit of output of either of these in the third year
 

would mean that the domestic production in the third year can be lowered by
 

This in turn reduces the required investment for inventories in
 one unit. 


Other sectors
the second year releasing Mining and Metals for other uses0 


with high requirements of Mining and Metals for inventories also show high
 

shadow prices in the third year.
 

The high shadow prices for the outputs of the Mining and Metals,
 

Equipment , mid Chemicals sectors in the fifth year are due to 
the high
 

An additional
coefficients of non-competitiva imports in these sectors. 


unit by lowering the domestic nroduction would release foreign exchange
 

which could bo diverted towards production of more consumption.
 

The solution provides more capacity in Mining and Metals than is 

required by the targets. Furthermore, all this capacity is used in the 

fifth year, This may indicate a possible shortage of Mining and Metals 

in the post-terminal year especially since Mining and Metals are used 

primarily as inputs to Construction and Equipment and since the solution 

is trying to minimize investments in the fifth year. However, the terminal 

stocks to be provided at the end of the plan correspond to the
inventory 


since inventory stocks in the
target stocks of the sixth year and the 

fifth year are small because of the lower domestic outputs. a larger 
in­

vestment in inventories is required in the fifth year than would 
be the
 

case if foreign exchange were not a bottleneck. 
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The initial capitftl in process in Table 4-62 is completed in all
 

the sectors except Housing in the third year. Housing has the lowest 

shadow price of new capital in the third year in Tab)e 4-65 

In Table 4-64 the new capital that matures in each year is shown. 

No capacities are created to mature in the sixth year in Mining and Metals, 

in Food, Clothing and Leather, in Transport and in Construction, and the 

last three sectors hav' idle capacities in the fifth year Once again 

this behavior indicates that the solution has tried to reduce the invest­

ment undertaken in the fifth year. 

Tables 4-69 through 4-72 show the details of imports. The shadow
 

prices on the competitive import ceilings in the fifth year are non-zero 

even though there are no competitive imports. When all the exchange is 

used up for non-competitive imports, the import ceilings ar, binding for 

all the sectors as the ceilings now take the form of [m'] M'(S) 0. The 

shadow price on the balance of trade constraint for the fifth year is the 

same as the shadow price of Others and Margin which has the lowest shadow 

price among all the sectors in which imports are pormitted, 1 

As pointed out in the preceding discussion, the ceiling imposed by 

non-competitive import requirements in the final year not only affects 

1 The negative shadow prices for competitive import ceilings on Others 
and Murgin in the first mnd the second years are duo to numerical round­
off in the computer program. By setting the tolerance limit in the program 
more stringently, the negative pricos could have been eliminated. These 
negative p'rices lead to a slight distortion in the allocation of competitive 
imports in these years and the model solution imports Others and Margin. 
Since these imports are small and would have been otherwise allocated to 
Agriculture and Plantailon, and since there is idle capacities in both 
the sectors in both the years, the offect of correcting the tolerance 
would have beep small, Consequently, the computer program was not rerun, 
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output in that year but has an effect throughout the plan period as the 

solution makes an optimal adjustment to it. The non-competitive imports 

which would be required in the sixth year if all the targeted capacities 

could be fully utilized, amount to Rs. 2768.24 crores. This is Rs. 925.0
 

crores or SO per cent more than the previous year. While there is no 

guarantee that such full utilization would be possible it again suggests 

the importance of achieving the import substitution program of the P°PoDo 

Notes and changing the non-competitive import coefficients accordingly.
 

These coefficients are changed in an alternate run described in the next 

section. However, it should also be kept in mind that the need for non­

competitive imports is itself a function of the size and composition of
 

the targets.
 

Table 4-73 shows the National Income accounts for the Reference
 

Solution. Achievement of the gross national product of Rs. 30725 crores
 

in the fifth year represents an exponential growth rate of 8.5 per cent
 

over the gross national product of the first year of Rs. 22172 crores. 

The total gross investment required is Rs., 35037 crores. Just as they 

were understated in the Third Plan Reference Solution, the replacement 

requirements are also understated in Table 4-73 and the net investment 

requirements overstated to the extent that restoration and new capital 

creation are undifferentiated in the solution. The replacement require­

ments amount to about Rs. 5000 crores. The net investment required over 

the Fourth Plan period is then Rs. 30000 crores. The inventory change in 

the first year is negative and inventories are decumulated. This happens 

because the initial inventories correspond to the full capacities whereas 

the solution has substantial idle capital in the first year. However, the 
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terminal inventories have to correspond to the target stocks. Consequently 

the decumulation in the first year has subsequently to be made up and the 

total requirements over the plan years of investment towards inventories 

remain unchanged at Rs. 4762 croreso 

If the idle capacities in the Reference Solution could be employed 

by suitable variation of the coefficients, the gross savings rates in Table 

4-73 would be reduced due to additional income which would be generated. 

The calculations of investment requirements, however. are not affected by 

idle capacities since they depend on the initial and the terminal capitals 

completed and in process, and on the aggregate inventory/output and capital/ 

output coefficients. 

4,3,3 Alternative Fourth Plan Targat Solutitmq 

The Fourth Plan Target Reference Solution though in general similar
 

to the Reference Solution for the Third Plan Targets differs in many details,
 

Likewise, it cannot be assumed that-the alternative solutions with varia­

tions in parameters for the Third Plan targets provide exact predictions
 

of the effects of similar variations in the Fourth Pln context0
 

The first calculation is one outside the model structure in which
 

it is arbitrarily assumed that all the idle capacity of tho Reference
 

Solution can be utilized by whatever variation of input proportions is
 

necessary. The additional output thus generated is allocated to consumption
 

and other uses in the proportions of the fifth period of the Reference
 

Solution to allow for uses of the additional output as intermediate inputs,
 

for inventory accumulation, etc. The total additional output of consumption
 

goods which is generated in this way is Rs. 15,500 crores, and provides a
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rough and generous adjustment to offset the rigidities in the assumptions 

of fixed production and consumption proportions. This amount, added to 

the undiscounted consumption of Rso 80,311 crores of the Reference Solution, 

provides a total consumption of Rs. 95,811 crares which is higher than the 

RS. 90,000 crores estimated in the P°PoDo Notes. 

Turning to the alternative calculations, which are shown in Table
 

4-74, the solution F-11 shows the effect of increasing the minimum annual
 

growth rate of private consumption from 2.5% to 5.0. This growth rate of
 

consumption is achieved by depressing the level of consumption in the early
 

years. Interestingly, the shadow prices on the consumption prowth constraints
 

in all the years are lower in this case than the corresponding shadow prices
 

in the Reference Solution even though the constraints are made more stringent,.
 

This is possible because several constraints are modified simultaneously
 

and because when the consumption growth rate is changed, the constraint
 

planes C(tl) - (l.0O*(t))C(t) - 0 do not move parallel to themselves
 

but instead change their slopeq.
 

In solutions P-12, P-13,,and F-..4, net foreign capital inflow is
 

increased. An increase of 25% to Rs. 625 crores per year is not sufficient
 

to relieve the non-competitive import bottleneck in the fifth year though
 

aggregate consumption rises by 12%., The bottleneck is broken, however,
 

when net foreign capital inflow is increased by 50% to Rs. 750 crores per
 

year and there are some competitive imports in the fifth year in F-l.3
 

Solution FPlo4 has the net foreign capital inflow increased only in the
 

fourth and the fifth years and the overall performance is even better than
 

that of solution F-l.2 in which there is a larger total inflow. Once the
 

import bottleneck is broken, the major consumption goods sectors show
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higher shadow prices than the investment goods sectors in the fifth year.
 

In order to investigate directly the significance of import substitu­

tion, solutions P-2.0, P-2.1 and P-2.2 are carried out with decreasing 

coefficients for non-competitive imports as shown in Table 3-16. In 

solution F-2oO, the non-competitive imports are no longer binding. Mining 

and Metals still has the highest shadow price but is reduced to 12.96 in 

the third year from the second year high -f 64.83 in Reference Solution. 

However, Agriculture capacity is now used in all the periods and, in fact. 

restricts aggregate consumption in the first four years. The consumption 

growth constraint is not binding in any year and a growth rate over the 

plan period of nearly 7% is obtained for private consumption. Solution 

F-2.2 is in general sirailar to solution F-l.4 and the difference in undis­

counted private consumption is only Rs. 929 crores, of which Rs. 375 

crores may be accormted for by difference in foreign capital inflows. 

Solutions P-2.l and F-2.2, in which net foreign capital inflows are 

lowered, indicate that in this case the targets are technically feasible 

even when net inflows are reduced substantially. There are even con­

siderable amounts of idle capacity in these solutions which could generate 

additional -consumption if the composition of private consumption and/or 

input proportions were varied. All these solutions show a hiph shadow 

price for Mining and Metals in almost all years. Furthermore these 

solutions provide more capital in Mining and Metals in the sixth year 

than is targeted. Since Mining and Metals is a major supplier to both the
 

capital producing sectors, Equipment and Construction, the implication is
 

that the production of the investment necessary to meet the targets requires
 

more Mining and Metals than is targeted.
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In solution F-2.2 idle capital exists in all the sectors in the
 

fourth year and the consumption growth constraint isnot binding between
 

the fourth and the fifth year. The capacities in the fourth year could
 

not be used for producing additional private consumption because the
 

corresponding inventories in the form of Mining and Metals could not be
 

produced in th,) third year.
 

Solution F-3.0 shows the effects of using the alternative, lower
 

inventory coefficients. As a result the total investment required for
 

3124 croreso This re­inventories decrease from Rs. 4762 crores to Rs. 


duction of Rs. 1638 crores in investment requirements alters the solution
 

significantly. Much more consumption is produced, Though non-competitive
 

imports are still a bottleneck in the fifth year, they are not as 

significant as in the Reference Solution as indicated by the fact that 

consumption growth constraint isbinding or ly between the fourth and the 

fifth years, The shadow prices on Mining aid Metals are red:ced and 

capacity in excess of the target amount is no longer created in Mining
 

and Metals even though the inventory requirements in the form of Mining
 

and Metals is not smaller than in the Reference Solution.
 

The reduction in inventory coefficients may be regarded as the
 

result of increased efficiency in distribution. Ii? rather substantial
 

increase in consumption which results indicates still another way of
 

alleviating the bottlenecks associated with a particular set of targets.
 

Inventories in the model serve as shock absorbers to fluctuations of
 

demand and supply but to only a limited degree because of the fixed co­

efficients.
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When the capital output ratio is decreased in Agriculture from
 

1.51 to 1.0 and used with the set of lower inventory coefficients in 

solution F-4. the total investment requirements are reduced by Rs. 1622 

crores. The targets now can be attained ea3ily and the solution already 

reaches target capacities in four sectors by the fifth year. The shadow 

price of Mining and Metals--s not the highest shadow price any more. In­

stead, Food, Clothing and Leather has the highest shadow price. In this 

case the shadow prices reflect mainly the problems of increasing the 

objective function. 

When the capital output ratio in Agriculture is raised to 2.5 in 

solution F-S as a way of indicating the difficulties of expanding output
 

in that sector, private consumption available is reduced by 15% as com­

pared to solution F-3.0o The consumption growth constraints now are 

binding in all the years, The non-competitive import coefficients are a 

bottleneck in the fifth year and more than 15% of the capacity is idle in
 

each of the first four years. Idle capacity in the fifth year is 9.5% 

of the total capital stock. The shadow price of Mining and Metals is 

high in all years and is 73.8 in the third year. Furthermore, more 

capacity is created in Mining and Metals than is required by the targets. 

The solutions P-3.O, F-4.0 and F-5.O demonstrate the sensitivity 

of the model solvitions to changes in investment coefficients and, there­

fore, to total investment requirements0 This sensitivity is accentuated 

by the assumptions of fixed coefficients and compositions, However, to 

the extent that these coefficients cannot be varied from year to year 

without cost, these results are an indication of the strains and scarcities
 

that may be generated with different investment requirements.
 



4-57
 

In solution F-6.O, as compared to F-4.O, in addition to lowering
 

the capital-coefficient in Agriculture, the capital-output ratio in Housing
 

is also reduced, This has a small 3ffact and the private consumption
 

increases only by Rs. 1027 crores because capital in Housing consists
 

entirely of Construction and Construction is not a bottleneck in these 

solutions. Non-competitive imorts are binding in the fifth year.. 

Solutiouns F-6,1 through F-6,.5 explore the offects of different 

availabilities of foreign exchange when the sot of lower inventory and 

capital coefficients prevail, 'he import bottlenecL is broken in solution 

F-6.2 when net foreign capital inflow is increased to Rs. 750 crores per 

year Solution F-6.2 can bo compared with sol,-!on F-1.3 to estimate the 

effect of lower inventoiy and capital coo-ficients when the non-corapatitive 

import bottlenecks in the last period are brokc~n by additional foreign aid,, 

The private consumption goes up from RiP.. 91448 in F-1 .3 crores to Ps. 98610 

crores in F-6.2. an increase of Rs. 7162 crores, whereas the difference in 

total investment rquirements is Rs, 2897 crores, 

Solution F-6.3 in which net foreign capital inflow is doubled shows 

an increase of Rs, 974 crores in I ivate consumption over solution F-6.2 

even though the additional foreign exchangc amounts 'zo Ps., 1250 crores, 

As was pointed out for the Third Plan tarpat solutions, this is an outcome 

of the copatitive inport ceilingn, fixad compositic-n of co',sumfption and 

the lack of incentivr; to the model solution to provide more capacity than 

called for by the trarptts. Thesc conditions lead to a waste of resources 

and in the solution in the first year, Mining and Metals is produced 

domestically, is imported and is thrown away .s there is no use for it. 

In this way the solution saves on production of inventories in the first 
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period by reducing the increment of output of the second period over the 

first period.. This is desirable whenever the saving on inventories is
1 

greater than the cost of producing them, 

When net foreign capital inflow is reduced to zero in P.6o5, the 

targets are still feasible with the lower capital and inventory coefficients. 

Non.competitive imports are now a bottleneck to domestic production in the 

second, third and fifth years. There are idle capacities in all sectors in 

the third, fourth and fifth years and on an average 55% of the capital 

stock is idle in each year.
 

Solution F-7.O has shorter lags in addition to the lower coefficients
 

of solution F-6.0 and solutions F-7.l through F-7.3 indicate the effects
 

of varying net foreign capital inflow with these conditions. The effect
 

of shorter investment lags can be appreciated when solution T-7 is com­

pared to solution P-6o. Solution P-7.0 provides Rs. 4962 crores of
 

additional consumption, produces more gross national product as well as
 

generates more total investment.
 

Adjusting the PoPoD. targets for the organized sector to cover the
 

unorganized sector on a thirty-two soctor level of disaggregation results
 

in higher targets and initial conditions. These are used in solutions
 

F-8 through F-8.17, With these conditions larger amounts of investment are
 

required than in solutions P-l.O through F-7,O even though the initial
 

capacities are higher.
 

1 The solution in a sense is transforming current inputs, a.x., into
 
11 

inventories, sixio six i may be preferred if at least one coefficient of
 

column si is greater than the corresponding element of column aio
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amounts 	of capital-in-process as well as terminal inventories are also
 

lowered and the required gross investment falls to Rs. 34478 crores as 

F-8.0. This reduction of Rs.compared to Rs. 39170 crores in solution 

4692 crores in the investment demand-is sufficient to break many bottle­

necks and the private consumption goes up from Rs. 45082 crores in solution 

V-8.12 to Rs. 87148 in solution F-8.170 

4.4 	Analysis of ourth PIn e SPolut. an. 

The Fourth Plan targets which have been analyzed are projections 

based on the targets presented in the P.P°D, Notes rather than those of 

the Notes, itself. The distinction must be kept in mind since judgment 

of the latter targets involves another conjecturalof the 	feasibility 

step.
 

The solutions to the Target Model indicate that the targets are
 

wide variety of assumptions as to coefficients,
technically feasible under a 


parameters and exogenous quantities. This suggests to us that the PoPD,.
 

targets themselves would be technically feasible since the adjustments made
 

are not uniformly, and we think not extremely, favorable or unfavorable.
 

The soctoral detail of the Target Solutions is also useful in
 

exploring issues of feasibility, For example, in all solutions in which
 

the reference set of inventory coefficiu,.za are used, more capacity is
 

created in Mining and Metals than called for by the targets, These co­

efficients which we believe to be optimistic may be much too low, at least
 
1 

for t,,o industrial soctors, It would seem then that provided no excess 

I Economic Wokly, )ecember 1965, reports that 22 large public enterprises 
caried" nventories amounting to the output of a year or more. This moans 
an inventory coefficient of Lo0 or more -- closer to A. K. Son's estimates. 

http:coefficiu,.za
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capacity in Mining and Metals exists in 1965-66 . and provided that our 

adjustments of targets for coverage have not distorted the demand for 

Mining and Metals, a shortage of Mining and Metals should develop unless 

the target for Mining and Metals is increased. 
if 

Furtheriore,/non-comptitive import coefficients are maintained 

at their 1960-61 levels imports of intermediate goods would form a bottle­

neck in the fifth year ioe. in 1970-71 unless net foreign capital inflow
 

is increased in that year, The non-competitive import coefficients may 

remain at their 1960-61 levels if import substitution program is not
 

adequate or successful in meeting by domestic production the increased 

demand for intermediate goods imports that is likely to accompany rapid 

and varied growth of industries. 

The issues related to operational feasibility are more difficult
 

to resolve. We shall again concentrate on the question of investment and 

savings and refer to the total gross investment estimates presented in
 

the last column of Table 4-74 and in Table 4-75. Table 4-15 presents 

the PoP.D. Notes estimates and incremental calculations under various 

assumptions. For the most part the solutions indicate substantially 

higher levels of investment requirements for the adjusted targets than 

projected in the PoP.Do Notes for the targets there. With the same levels 

of net foreign capital inflow this would mean higher levels of domestic 

saving. The average and marginal savings rates implied in the solutions 

are at levels which would imply relatively large changes from recent 

Indian experience. Yet the changes in savings which have taken place in 

recent years would also have to be regarded as relatively large. So one
 

could not conclude that the implied savings and investment rates are
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necessarily unachievable particularly since the solutions also indicate
 

the potential of relatively high rates of growth of per capita consumption.
 

Yet the savings and investment rates which have actually figured in Fourth
 

Plan discussions are slightly less than those implied by the most optimistic
 

It is unlikely that the required rates
solutions, Column 4. Table 4-75. 


could be achieved without explicit government policies being prepared and
 

vigorously pursued.
 

To move to judgments about the P.P.D. targets themselves requires
 

an assessment of the adjustments which were made and the other assumptions
 

as to initial conditions. Our technique of setting initial conditions by
 

assuming a conscious phasing of the Third and Fourth Plans again seems to
 

us to be somewhat optimistic. There is relatively little evidence that
 

this has been done, yet the potential achievements of the first plan years
 

and, therefore, of the entire plan are crucially dependent on the amount
 

and composition of the capital in process started in the previous plan.
 

excess capacity in industry, of which there have been persistent reports,
If 


could be utilized, it would offset inadequacies in phasing. The adjustment
 

to extend the coverage of the explicit P.P.D. targets when carried out on 

an eleven-sector basis implies much lower aggregate targets than when 

done on a thirty-two sector basis. If the Fifth Plan growth rates of the 

PoPoD. Notes are used to set post-.terminal conditions that implies lower 

growth rates in all sectors and discontinuities in many. with these con­

ditions imposed the adjusted targets still require much more investment 

Notes with our reference set of parameters andthen projected by the P.PoDo 


coefficients. 1 If these parameters can be made more favorable including,
 

1 which are not those used by the P.P.D.
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for example, achieving a lower a4fective capital-output ratio in agriculture,
 

the Target Model calculations of investment requirements can be brought
 

into general alignment with the PoP.D. Notes estimates. Overall, in our
 

judgment operational feasibility of the P.PoD. Fourth Plan output targets,
 

in the special sense of consistency of these targets with the investment
 

and savings program, requires relatively optimistic projections of the pro­

ductivity of capital and the ability to direct resources into the organized
 

sectors, 

4.5 	 Transit Model Solutions
 

The Transit Model has only a limited amount of interest for short
 

term planning. Its endogenous procedure for setting targets -- which 

guarantee the attainment of oxogenously stipulated post-terminal growth 

rates -- makes it an open-ended model as compared to the Target Hodel in
 

which both initial and terminal conditions are stipulated. This procedure
 

endows 	it with foresight, but to only a limited degree, Beyond the post­

terminal periods which must enter the plan explicitly due to gestation lags
 

it cannot provide for changing the composition of consumption except in a 

predetermined manner or for varying its rate of growth,, As in the Target 

Model, 	 the targets enter the system as constraints rather then as part of 

the objective function. This is equivalent to an objective function which 

has infinite weights on terminal capital stocks up to the point of their
 

satisfying the target constrairts and beyond that no weight at all. Though 

different terminalthis limitation might be overcome by -repeated trials with 

conditions, the shortness of the period over which optimal adjustment can
 

occur remains a major deficiency which is corrected only in the long term,
 

The Transit Model solutions are worthy of attention,
Guidepath Models. 
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however, as contrasts to the Target Model solutions. By generating and 

adjusting to targets whose level and composition are substantially different 

from those for the Third and Fourth Plan period, the Transit Model provides 

additional insights into the Target Model solutions and the economy. We 

shall present Transit Model solutions only for the Fourth Plan period since 

the quality of the solutions for the Third Plan period is generally similar. 

At the risk of being repetitious we again warn that no one of the Transit 

Model solutions can be accepted as necessarily representing the best of 

all possible paths for India to take. 

To carry out the Transit Model computations initial capacities and 

capital-in-process must be specified. These initial conditions are taken 

from those specified for the Target Solutionso That is, it is again assumed 

that in the preOPlan period preparations were made to achieve those targets 

which were actually stipulated in the Plans. This starts the solutions in 

the direction of the plan targets but now it is up to the model to decide 

if it wishes to continue in that direction. Inplace of the stipulated 

target outputs only post-terminal growth rates are specified exogenously 

in each of the sectors for private consumption, government consumption, 

exports and imports. The stipulated annual post-terminal growth rates 

are as follows: 

Consumption S.0% 
Government 2.5% 
Exports 4.0% 
Imports 3.0% 

The fixed and inventory investments necessary to maintain these rates are 

determined by equations (14,0) and (14.1) of Table 2-2 of Chapter 2 
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simultaneously as part of the optimum solution for the plan period. 1 

The salient features of the solutions to the Transit Model which 

were computed for the Fourth Plan period are shown in Table 4-76 A glance 

at the table and comparison with Table 4-74 indicates that the values of 

consumption made available in these solutions are uniformly higher than in 

the Target Solutions with comparable specifications of parameters. The
 

levels of gross national product achieved in the fifth year are roughly
 

comparable but the amount of gross investment undertaken during the plan
 

period in the Transit Model solutions is usually only somewhat more than
 

half that in the Target Model solutions. This latter observation goes far
 

toward explaining the higher values of the maximand in the Transit Model
 

solutions.
 

It is again convenient to carry out the presentation mainly in terms
 
2 

of a Reference Solution and variations on it. Table 4-77 shows the
 

sectoral output in each year for the Reference Solution. In the Transit
 

Model case total output grows less rapidly overall but more rapidly in
 

Agriculture, Food and Clothing, and Housing, the major consumer goods
 

1 There are slight discrepancies in the specification of initial con­
ditions and in the a and s matrices used in the Transit Model solutions
 
for the Fourth Plan period as compared to those used for the Target Model
 
solutions As a result differences in the maximands are not precise 
measures of the effects of the alternative terminal conditions thou-h 
these remain the most important source of the contrasts in the solutions,,
 
This qualification reinforces the caveat that the quantitative differences 
observed in the solutions should not be interpreted as precise forecasts, 

In addition the initial conditions for the Transit Model were taken from
 
those for the Fourth Plan Target Model solutions when the PPD,, targets 
were adjusted on a thirty-two sector basis.,
 

2 In the Transit Model Reference Solution the minimum intra-plan annual
 
consumption growth rate is 2.5% and the discount rate is 10, o 
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sitnult -neously as part of the optimum ..olut-on for the plan period 

,he salienit features of the soltutions to tile Transit Model hich 

were computed for the Fotrth Plan period vre shown in Table 4-7(. A glantge 

at the table and comparison with Table 4- 74 indicates hat the vilues of 

consumption nade available ir thes. solutions are uniforlply hip r than in 

the Target Solutions with comparable specifications f paran.ttrs The 

levels of pross national product achieved in the fifth year are rnuthlv 

comparable but the amount of pross investment tindertaken durinp. Ohe p1 .1n 

period in the Transit t'odel solutions is usually ooly :;oriewhat -r- titrn 

half that in the Target Mtodel solutions This I.-tter ohser%,atton 'res f.: r 

toward explaininp, the hipher values of the maximand in t' "rr'it; "tiel 

solut ions 

It is ap.al convenient to carr" out the rniisonrtzion rain lv i . 

of a Refer;nce Solution nid voriations oti i.t 'fi l I . / Th , r, 

s ctoral output in eaco year for the '.efv-reince i , n [it rh-lust 

Model .*ase total outntIt t rows luss iar i dl v"':;ra ] )mt 1 MOCre 1'2; III 

Ag rici.ltur?, Food and Cothi ni!, ond l,kus pI tile rinjoyi(1.con S P :e, 

i Tiere are, slight d.isceepancie.; in rhe .T1C i: t.1oO of ni ti,, (on. 
ditions and in tht, a anl s matrices used in t:bi 'rr ,niit ioie] ioiit os 
for the Fourth Plan period as compared t., thcs5 used for thm Tnrpet 1.nle' 
solutions. As a result differences in the maximandls are noL rlrecis, 
measures o. the effects of the alternarjvly r.rmiral c.--nd1 tions thou;]n1 
these remain the most important source of the contrasts in the solutions 
This qualification reinforces the c-aveat that the qkjintin ,ti.vv differenc­
observed in the solutions should not be interpret r( I,,; r',ci Ff rca st!; 

In addition tile initial condition-; foi- thoe ''ran 'it odel wr..e afk ci f|ror 
those for the Fourth Plan Target todel solutio-', whrn th'e P P ,rI ',.tS 
were adjusted on a thirty-two sector basis 

2 In the Transit Model Reftren-e Sol, tion the miniviur intra nlal a-na Il 
I rconsumption pro%,th rate is 2 r I tie discount ra is 10" 

1<1"1 111: : 1 I ]la ' g l l I 
ill i 
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sectors, than in the Target Model Reference Solution. The rates of growth 

in Electricity and Transportation sectors are about the same in the two 

Reference Solutions but the rates of growth in the capital goods sectors 

and their major suppliers, Mining and Metals, Equipment, Chemicals and 

Cement, Glass and Wood are much higher in the Target Model Reference 

Solution. Interestingly, in the Transit Model solution output in the first 

two of these sectors actually declines during the plan period. This happens 

after the inherited capital-in..process which needs only the last dose of 

investment is finished up in most sectors. The endowed capital-in-process 

which requires two years to finish is not completed in the capital goods and 

closely related sectors and the total demand for their output falls even 

though demand for capacity in other sectors and for inventories is inr 

creasing. 

The shadow prices of output in Table 4-78 are lower and generally 

more uniform in the Transit Model than in the Target Model Reference 

Solution. They are higher in the consumer goods sectors rather than in 

the capital goods sectors and their major suppliers, This indicates a 

greater degree of correspondence among the objective function, the initial 

endowments and the terminal targets endogenously generated in the Transit 

Model. This, it should be emphasized, is not necessarily a virtue, but 

reflects all the issues associated with the determination of the targets 

themselves.
 

Consumption as shown in Table 4-79 starts from a higher level, and 

after being constrained by the consumption growth requirements until period 

three, grows by 17% and 20% in periods four and five, 
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The higher levels of consumption and related lower levels of saving
 

lead to lower levels of capital accumulation as shown in Table 4-80 as
 

eonpared with the Target Model Reference Solutiono Since both models
 

start out with the same capital endowment they end up with substantially
 

different final capacities. In the Transit Model Reference Solution the
 

capital on hand at the end of the plan period is Rs. 51,732 crores. In
 

the Target Model case, the corresponding total is Rs. 60,579 crores, a
 

difference of 17% which is about the same as the percentage difference
 

in the total amounts of consumption made available. In examining Table
 

4-80 it is useful to recall that in setting initial conditions it was
 

assumed that the Indian economy had in the pro-Plan period actually been
 

directed toward achievement of the next Plan's goals. Thus, even in the
 

Transit Model the particular orientation of the adjusted targets based
 

on the PoPoD, Notes has an effect. Through period three, the pattern of new
 

capital is affected by the initial endowments of capital-in-process and
 

the optimizing mechanisms decisions as to the merits of completing these
 

In the fourth and fifth periods, however, the optimizing
components. 


mechanism has full choice, subject to terminal conditions , of course, as to
 

the pattern of investment. The big increases in capacity in these periods
 

in the major consumer goods producing sectors confirms the indications of 

the shadow prices that the system is concentrating on increasing output
 

in these sectors,
 

Table 4-81 which indicates the proportions of idle capacity in each
 

sector in each period shows a strikingly different pattern from the Target
 

Model solutions. In this case the idle capacity is concentrated in the
 

capital goods sectors and their major suppliers. The shift in emphasis
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in the targets has created a whole new pattern of relative scarcities,
 

With this new emphasis the idle capacities are so great in Equipment,
 

Chemical, and Cement, Class and Wood, and Electricity and Transportation
 

sectors as to prevail throughout the plan periods. This difference in
 

relative scarcities is also apparent in the shadow rentals on capital
 

services and the shadow prices of capital in Tables 4-82 and 4-83 in which
 

the highest values are now in the consumer goods sectors rather than in
 

the capital goods sectors as in the Target Model0
 

The uses of foreign exchange for imports and the shadow prices on
 

the competitive import ceilings in Tables 4-84, 4-85 and 4-86 also reflect
 

the new emphasis. All of these relatively small shadow prices including
 

those on the foreign exchange balance indicate that in this solution there
 

are fewer major bottlenecks to increasing the value of the maximand since
 

the open-ended system has a greater freedom to adjust to the constraints
 

including the one on uses of imports. Because the GNP in the last year
 

is lower in the Transit Model case, the non-competitive import requirements
 

are not an absolute limit to total output in the last period as they are in
 

the Target Model case.
 

The national income accounts in Tabie 4-87 indicate an uneven rate
 

of growth of gross national product as well as consumption. The gross
 

savings rates rise from 12.1% in the first period to 17.1% in the third
 

period and then fall to 9,7% in the last period. This is an indication
 

that the post-terminal conditions imposed in the Reference Solution by
 

stipulation of growth rates which guarantee a less than 5 rate of increase
 

in GNP are relatively easy to achieve. The total investment requirements
 

of the Transit Model Reference Solution are shown in Table 4-88. The net
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investment rquirements are substantially less than the Rs. crores esti­

.mated in the Fourth Plan Target Model Reference Solution. 

Turning back to the alternative solutions for the Fourth Plan Transit 

FHodel as summarized in Table 4-76, changes in the social discount rate have 

only a snall effect as do changes in the consumption growth restraints.
1 

A 10% increase in the initial endowments has a significant effect as would 

be expected but not as large as in the corresponding Target Solution case 

as the Transit Model is less subject due to its open-ended character to 

the bottlenecks which the Plan Targets create and which the change in initial 

endowments break. 

Reducing the required post-terminal growth rate for consumption to 

2.5% from 5 in solution R-8 brings only a small change in the value of 

consumption goods produced and leaves more slack in the system0 Increasing 

the required post-terminal growth rate to 7.S% in R-9 reduces the amount 

of undiscounted consumption available in the plan period by about Rs. 

2,500 crores. However the total capital stock on hand at the end of the 

plan period goes up by only Rs. 500 crores as compared to the Reference 

Solution since the level of consumption in the fifth year is lower in this 

case.
 

Since the import ceiling constraints and the foreign exchange 

constraints are not major-bottlenecks, as indicated by the shadow prices, 

their relaxation does not lead to substantial changes in the character of 

the solutions as compared to the effects of such changes in the Target Model 

I For this set of solutions the minimum intra-plan annual consumption
 
growth rate was set at 5.0%. This qualifies only slightly, however,
 
the comparisons which are made.
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solutions. This is seen in solutions RIO through R-10 in Table 4-76.
 

Removal of the competitive import ceilings gives the model some added
 

flexibility and the allocation of imports is now concentrated in one or
 

two of the major consumer goods sectors in each period. The effect on
 

the maximand is relatively minor but noticeable as is also the effect on
 

savings and investment.
 

Increasing the foreign capital available increases the maximand
 

but the effect is much smaller in the Transit Model solution than in the
 

corresponding Target Model Solution P-l.2 in which foreign exchange avail­

ability constitutes a ceiling to output in the last period. The additional
 

foreign capital substitutes for domestic savings in this case and the
 

domestic savings rate falls by 0.5% to 1% in each period in the case of
 

Solution R-11 with 25% additional foreign capital. With still more
 

foreign capital the domestic savings rate falls further.
 

Reducing the foreign capital inflow forces a reduction in the con­

sumption which is made available and the output levels achieved. By the
 

fifth period with 25% less foreign capital in solution R-14, gross national
 

product is about 2.S% below that of the Reference Solution. The elimination
 

of foreign capital reduces the consumption available by about 3%; the level
 

of gross national product in the final plan year falls by 2%. The ability
 

of the Transit Model solutions to adjust to reductions in foreign capital
 

inflows is striking and naturally raises some questions when compared to
 

the reality of foreign exchange stringency in India. The Transit Model
 

Solutions, ofcourse, do not represent reality but an alternative set of
 

targets socorrespondence with actual events cannot be expected. Still
 

the question remains of how the Transit Model achieves its relative
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independence of foreign capital inflows. The answer is in the different 

patterns of outputs and targets of the Indian Plans and the Transit Model. 

Tlp analysis suggests that the immediate effact of the attempt to create 

import substituting industries reflected In the Plan Targets is the source 

of foreign exchange stringency.. The analysis is deficient, however, in 

that it does not indicate the subsequent effect of successful import 

substitution programs. 

In solutions' R-16 and R-17 the intra-plan export growth rate is 

changed, up and down, by 1%. The effects are relatively small as could 

be expected. A smaller amount of exports increases the availability of 

resources for domestic use and vice-versa. 

In solution R-18 net foreign capital inflows are increased by 100%
 

and the competitive import ceilings are removed° In these conditions,
 

the additional foreign exchange is much more productive than when the
 

ceilings are maintained.
 

Lowering the capital-output ratios in Agriculture and Housing has
 

a smaller effect in the Transit as compared to the corresponding Target 

Model solution because of the greater stringency of capital in the latter 

case. But even in the Transit Model an unfavorable combination of specifi. 

cr'tions as in solution R-21 can lead to a drastic reduction in available 

consumption, 

4.6 Evaluation of the Transit Model Solutions 

As a guide to making policy the Transit Model suffers especially 

from its short run character which allows the model only limited opportunity 

to exercise discretion in determining the inter-temporal pattern of
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to be placedconsumption and investment and therefore the relative weights 

on the consumer and capital goods sectors. The overlapping constralats 

of the initial endowments and terminal conditions further restrict the 

freedom of the optimizing mechanism. 

The Transit Models do provide additional understanding of the 

operation of the Indian economy and the Target Model solutions. They in­

dicate the effects of the forces acting on the economy which arise from 

the expansion of consumer demands within the framework of domestic capital
 

resources and foreign exchange resources without a long range vision of
 

future goals. There appears to be a closer correspondence between the
 

savings Tates which have actually been achieved in the Indian economy and
 

those of the Transit Model solutions than the Target Models. On the other
 

hand the Transit Model solutions are not good descriptions of what has
 

happened in India nor necessarily what will happen because their targets
 

are so much different than those of the Plans. By comparison with Target
 

Model solutions Transit Model solutions indicate the direction of the
 

adjustment of the economy if inadequate saving and investment forced scaling
 

down of the Plan targets and adjustment of their composition.
 



GIAPTER 5 

MIE G IIDEPATH AND iiE GUIDEPOST MODELS 

The fool who does not know 
His own resource, his foe,
 
His duty. time and place,
 
Who sets a reckless pace,
 
Will by the wayside fall,
 
Will reap no fruit at all,
 

-- The Panchatantra 
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S.I Introduction 

Policy making requires techniques for formulating as well as
 

testing economic goals. The Target Model which can be used to analyze
 

the short run implications of a given set of targets cannot deal adequately
 

with the question of why the targets themselves are desired because the im­

plications of a set of five year plan targets transcend the plan period
 

itself. For the same reason the Transit Model, which contains an endogenous 

method for setting its own targets, cannot analyze the full implications
 

of the targets. Planning involves decisions about the distant as well as
 

the near future and concentration on short period planning inevitably 

omits relevant considerations. In principle the planning hc rizon should
 

be infinite but in practice it must be truncated. Economic decisions are
 

made in a more and more satisfactory manner as the time horizon is pushed
 

out further and further until there are no further advantages to be pained 

vis-a-vis the immediate economic issues from exercising foresipht,
 

A long term model for making economic policy would always be 

preferable to a short term model if the uncertainties associated with 

technical and behavioral coefficients did not increase with time for co­

efficients further in the future, If such increasing uncertainties are 

not accounted for in the optimization procedure it is conceivable that a
 

shorter plan might turn out to be better than a longer plan. The optimum
 

horizon cannot be known .arior , but in development planning it seems 

certainly to be more than the conventional five years, The short term
 

models were presented first in the chapters above because of interest in 

their use in analyzing the Five Year Plan targets and other aspects of 

Indian economic policy. The basic justification for short term planning 
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models is their computational convenience, however, as the cost of
 

calculations rises rapidly as systems are expanded to cover more and more
 

time periods. 

Because of their greater computational costs further compromises
 

are made in the structure of the long term planning models in order to 

actually solve them. The type of compromise most frequently made has 

been the aggregation of the economy portrayed to one or two sectors. This 

has characterized many of the theoretical models which have been developed 

to provide more qualitative insights into the growth process. But aggrega­

tion imposes the assumption of full substitutability among all the com­

modities drawn into each sector, While not a disadvantage with respect 

to some issues, that assumption is a handicap to understanding when outputs 

and inputs are to an important extent specific in their uses, On the other 

hand, if, because of the absence of any other basis for decision, pro­

portions among the outputs and inputs of different sectors are held 

constant, the sectors can just as well be aggregated and no knowledge-ts­

added by carrying them along separately, However, the various sectors 

contribute to the production of consumption and investment goods in 

different proportions. In turn. changes in the relative proportions of 

these goods over time mean changes in the relative weight of these sectors 

in the whole economy, A priori 
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it cannot be known whether aggregation of sectors, on balance, overstates
 

or understates the potential achievements of a system. While aggregation
 

permits full substitution within sectors, if the average input requirements
 

it imposes on a particularly fast growing part of the economy are higher 

than if that sector were treated separately the effect is to penalize
 

growth.
 

Another device often used in growth models is the aggregation of
 

time periods as this provides another means of reducing the computational
 

burden of models with long time horizons,, fen discrete time periods 

are used in planning their length should be chosen so that the time shape
 

of events within the period has no effect on the outcome,. In many of the 

economically more advanced countries a year may be too long for this to 

hold true but it is still used in large part because it coincides with 

the conventional accounting period,. In India the relative importance of 

the agricultural sector may provide more justification for annual accounting,. 

The aggregation of time periods has effects analogous to those of 

the aggregation of sectors; it implies complete substitution within the 

period. This provides an additional degree of freedom inbreaking bottle­

necks which is not in fact nresent and which is particularly significant 

for countries like India which are starting their development with an in­

dustrial composition substantially different from that toward which they 

are aiming, On the other hand, there may be compensating disadvantages 

since it forces a kind of synchronization among sectors in each aggregated
 

time period which in actuality need not be present,, 

While the computational burden associated with long term models
 

requires simplification of structure, it is also true that some elaboration
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is desirable if the models are to provide guidance for short term planning.
 

Long term plans can provide terminal conditions for short term plans and
 

should also provide guidance as to the average values to be assigned to
 

certain parameters. For short term plans it can often be assumed, for 

examle, that consumption or input proportions will not change substantially 

within the plan period. However, even in five year plans it may be im­

portant to use different parameters in reflecting post-terminal conditions 

into the planning period. furthermore, where a prediction can be made of
 

a change in technology as, for example, in the foreseen displacement of a
 

traditional with a modern technology, a long term model ought to provide
 

a basis for determining the values of the technical parameters to be used
 

in a short term model.
 

It is not possible to predict on the basis of qualitative arguments
 

the quantitative effects of the various types of compromises in model
 

structure as they will depend to a considerable degree on the particular
 

economy being studied and the parameter values used. In the practice of
 

economic policy making there should be a systematic exploration of alter..
 

n etve formulations.. However, since our purpose, especially in conjunction 

with the long term models, is to develop techniques of planning we shall 

not be exhaustive in our own calculations. No twenty to thirty year de­

tailed programs are publicly available for India which we can subject to 

the same type of testing which we performed on the Third and Fourth Five
 

Year Plans, We can and will, however, indicate some of the alternative
 

long run development policies which appear to exist and their implications,
 

Wie shall also demonstrate a technique for linking an explicit long term
 

plan to a short term, five year plan.
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S.2 	Structure of the Guidepath Model 

The long-term model which we call the Guidepath Model is created by 

modifications and additions to the structure of the Basic Model core. The
 

entire model will be described in this chapter, however, as some definitions 

will be modified and variables mid relationships added, The description 

will be brief except where there have been significant modifications. The 

major structural changes in the long term as compared to the short term 

models 	are: (i) a greater degree of aggregation over time, (ii) the pro­

vision 	for endogenous change in consumption proportions through the use
 

of expenditure elasticities, and (iii) the inclusion of a mechanism for
 

an endogenously determined shift From a "traditional" to a "modern" 

technology in the agricultural sector. Inasmuch as the savings rate is 

of major importance in determining the character of the solutions the 

long-term model will be solved in two versions, the Guidepath I and Guide­

path II formulations, which are distinguished by the explicit specification 

of a savings constraint in the latter case, 

Table S-1 lists the additional parameters and changes in definitions
 

of variables for the Guidepath Model3 and Table 5..2 presents the complete
 

set of relationships.
 

First of all, the time period is changed from one year to three
 

years partly on the rationalization that events within such a relatively
 

short period are unimportant for long term planning of fifteen to thirty 

years. This rationalization has more justification for the later years of
 

a long term plan than for the early years in which imbalances and bottle.
 

necks of various types may be of considerable importance. One way of
 

dealing with this situation would be to change the length of the unit time
 



Table 5-1 

List of Additional Variables and ParM1et*re
 
for Guidepath Mfodel 

XI(t) --	 output of the "incremental" agriculture activity 

in period 	t
 

X 2(t) --	 output of the "traditional" agriculture activity 

in period t 

L--	diagonal matrix of expenditure elasticities of 

consumption of each sector's output 

(t) 	 -- population growth rate between periods t and t-I 

-- growth rate of cultivable land available to 

agriculture
 

--yields of output per unit of land in "incremental"
ylY12 

end "traditional" agriculture
 

P(t) .- population in period (t)
 

U -- activity aggregation matrix
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Table 5-2 

The Guidepath-I and Guidepath-II Models
 

(1)Objective function
 

T C(t) 
(1.0) Maximize: W a u -

- I
ta (l+w)t
 

Subject to:
 

(2)Consumption growth constraints
 

(2.0) 	C(t~l) 2: (l+o(t))C(t). for twO, ooo, T-l 

(2.1) 	Initial consumption
 

C(O) 	a C(,)
 

(3) Distribution relations 

(3.0) J(t)+ll(t)+N(t)+O(t)+F(t)+G(t)+E(t)S 1(t)+UX(t), for tol, oo T 

where a 0 1 

(3.1) 	Intermediate products 

J(t) a a(t)X(t), for t-1, 0..,T 

(3.2) 	 Inventory requirements 

(3.20) 11(t) a s(t) {X(t+l)-X(t)j , for t=2, .. , T 

(3,21) 11(l) m s(l) {X(2)-(I+CVR()j for tol 

(3.3) 	 Private consumption 

t~
F(t) 	 a %cC(t)+ fJ~1+ MI (I-q0cC(O), for tail, T 

(3.4) Government consumption 

C(t) (t), for t-l, .o, T 

(3.5) 	 Exports 

E(t) N H(t, for tal, .. 0, T , 



Table 5-2 (continued) 

(4) 'Capacity restraints 

(4A0) b(t)X(t) _4 K(t) for tal, .,To 

(5)Capital accounting relationships 

(5,0) Investment requirements 

N(t) w pZ(t~l), for tal, ..0, T 

(S.1) Depreciated capital 

D(t) aD(t), for t'2, ono, T+l, 

(5.2) I)epreciated capacity 

V(t) w dD(t), for t-2, . T+l, 

(5.3) Restoration requirements 

Q(t) - r(t)d(t) 1lR(t), for t-l, o 

(5.4) Capital accounting 

K(tl)< K(t) + Z(t+l) 4 R(t~l) - V(t~l), for t-l, ., T 

(6)Restoration ceilings 

(6.0) R(t) S V(t), for t-2, .oo T+l, 

(7) Balance of payments constraints 

(7.0) nM(t) < A(t) + AE(t), for tml, .... , Ti 

(8)Imports 

(8.0) Import composition 

M(t) a M,(t) + M" t), for t-l, .. 0, T 

(8.1) Non-competitive imports 

M a m'(t)X(t), for tal, o.U. To 

(8.2) Competitive import ceilings 

Mr"(t) S m"(t) [At) + 14E(t) - WlMl(t)], for tal, , T , 



Table 5-2 (continued) 

'(9) Relatins,between incremental and traditional agriculture activities 

(9.0).x 12 (t)- 11 + r1]X 12(t-)s 0 , for t-l, 0069 T, 

(9.1) XI(t) [Y/y 12 - 1]X 12(t) '-0, for twl, 00.,9 To 

(10) Initial capital restraints
 

(10.0) K(l) -b(u)(I+o X .
 

(11) Terminal requirements in,generpl
 

(11.01) K(T I) !K(T)
 

(12) Derivation of terminal conditions from post-terminal growth requirements:
 

Post-terminal growth rates of demands and imports. 
T
C(T) (1+0)t­(12.01) C(t) ­

(12.02) G(t) a r,()(l )t-T 

)t T
(12.05) H(t) = -(l+ ­

(12.06) X1(t) = X 2(T)( 1 ) t-T 

(12.07) F(t) = lcC(T)(I+pt-T + l+'A(t) I- ,t CC( 

which implies
 

(12.1) x(t)+X 12(t)- a(T)X(t)+[s(T).b(T)p] *(t+l)-X(t)j
 

+ (a12(T)+(s 12 (T)+b 12(T)Pl2)T]X12(T) (1+. 

t))1T C (0) l+(T))t-T+ Q(ICl.+O)JtTt (l 1+ A)C4.
 

- )T *I (T+(T) (+ -t t-T 

for t >T 
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Table S-2 (continued)
 

Wipe qIx (I-a(T) - (b(T)p + (T))S] . for a T'rMT 0. Ye#&,,". 

Then, particular so).ution of (12.l) for t-T+l: 

"(13o0) X(T+I) a [qT ] . [-I+a12 (+(s 1 2 (T)+b 12 (T)p 12 ) -X12(T) 

+ TJXG+(T) (1(1-)A-l cC(l (1+A(T)) 

+ -1- C1Y) 

+ [q I 

[q,]1"(T) (1+/X) 

- [,,,l m(T) X(T) (1/4) 

-/]'l -1 

- [ ] i(T)X TC /), 

Then from (13o0) 

Terminal capital stocks: 

(WO) K(T I) > b(T)X(TI) 

K12CT ) > b12MX12C( +) 

Terminal inventories
 
* 0 

(14.1) s(T)X(T I) > s(T)X(T 1) s 1 2(T)X1 2 (T+1) 

(15) Consumption or savings constraint fox the Guidepath-Il Model
 

(150) C(t)+-AG(T) 0 * ,61W[(I-A)Xt.)-)t)] , for tal, ooo, T 



S-11
 

period over the planning horizon. This approach has some complexities in
 

programming which we avoid by making detailed short term plans using the 

long term plans as a guide. The three year period is chosen in order to 

collapse the gestation lag. Most of the relationships will not have to 

change as a result of this modification but the magnitude of those
 

parameters which have time dimensions will have to change. The capital­

output ratios, for example, which have a time dimension, will be divided 

by three. Extendivr the unit period may have a retarding effect on growth 

as it effectively lengthens the gestation lag in some sectors,. Offsetting 

this is the assumption that resources and production in any one of the 

three years of the unit period are perfectly substitutable. The maximand 

(1.0) is the same as in the Basic Model but the unit period is now three 

years so C(t) is the sum of private consumption in three years, w is the 

discounting factor applied to C(t) and is similarly adjusted so that it 

reflects the three year period. Provision is again made in (2.0) for 

a growth constraint on total consumption.
 

Since in this model there are two activities producing agricultural 

goods the accounting must be adjusted to reflect this, Both activities 

deliver agricultural output to fulfill the various requirements for it. 

The total agricultural output is obtained by summing the outputs of both 

the activities. This is indicated by use of the activity aggregation 

matrix [U] in the distribution equation (3.0). The matrix [U] is a 

rectangular matrix with rows equal to the number of sectors and columns 

equal to the number of activities. Element Uij - 1.0 if the jth activity 

contributes to the ith sector; otherwise U,, a 0. We find it convenient 

to make the first activity "incremental" agriculture and the twelfth
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activity "traditional" agriculture. Then the [UJ matrix is as shown below
 

10.. 1 
01 0 

Ullxl2 4 ? 0 

o

0 00 .01 
0o 0t0 

Each of the activities in Agriculture has a different technical co­

efficient and the matrices a(t) of intermediate inputs, s(t) of inventory
 

output coefficients and p the capital proportion matrix are all, therefore,
 

rectangular. The intermediate requirements for output are shown in (3.1).
 

The relationships for inventory requirements (3.20) and (3,21) are like 

the analogous relations in the Basic Model.
 

In the Guidepath Models the proportions in which each sector con­

tributes to aggregate private consumption are no longer specified exogenously
 

but are determined by consumption-expenditure elasticities, IyLi and initial
 

proportions. The expenditure elasticity Ii for sector i is defined as
 

follows:
 

Fi t)/p(t) - Fi(O)/-O) F(t)tCt) - R(O)/p ) 

F (0)/- ( 

where P(t) is the population in period t, P(t) is obtained from the initial
 

population P(O) and the projected growth rates of population X(t) as
 

t
 
1.[1 PP(t)a P (0) [1 A (1)1 [1 *(C2)] + (t) p(0) 7r-[I +1t)

t-l
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With P(O) a cC(O), where c is the vector of initial consumption proportions, 

the sectoral private consumptions in period t can be written as in (3.3)
 

(3.3) F(t) U qjcC(t) + f{rr [1 .AMt)4 (1 - OZ)c (0) 

With this formulation the proportions of sectoral to aggregate consumption
 

will vary with the growth of total consumption. However, it should be
 

realized that this still does not provide freedom to substitute one good
 

for the other in consumption in any period.
 

The demands for government consumption and exports, (3.4) and (3.5),
 

are exogenously determined. The form of the capital accounting relation­

ships (5) does not change except that, with the aggregation of the time
 

period there is only a one period gestation lag. Consequently there is
 

only one p matrix and one r matrix.,
 

Depreciation and replacement is treated exogenously as in the short
 

run model. When the planning period exceeds the lifetime of the shortest
 

lived component of capital, the model should have "some provision for re­

cording for depreciation purposes amounts invested during thn plan period,
 

This procedure was not followed since it would require substantial additional
 

accounting and the long term model's computation requirements were already
 

heavy. In the present case the length of the planning period is only
 

slightly longer than the life of the shortest-lived component so the
 

exogenous specification of depreciation for the entire plan period is
 

kept. This requires a guess about the rate of investment in the various
 

sectors during the early part of the plan period,
 

The gross investments made since the beginning of the First Plan
 

in 1951 are substantially different in composition from the assumed steady
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state prior to 1951. These investments come up for replacement during 

the long term plan period. Consequently the replacement proportion matrix 

r(t) and the depreciated capacity transformation matrix d(t) are different 

in each period and so they now have time subscripts in equation (5.3). 

The balance of payments constraints remain unchanged and imports 

in any period may not exceed the available foreign exchange in that period. 

Although.there is no provision endogenous to the model for changing the 

proportion of non-competitive imports to output, this is done exogenously 

by changing specification of the m' coefficients. The model is run without
 

limitations on the degree of specialization of competitive imports by setting
 

all the m" coefficients equal to one in (8.2). This type of specialization
 

could be allowed to occur only slowly and the mi"coefficients changed at
 

a moderate rate.
 

The Guidepath Models also provide for a shift from traditional to
 

modern technology in the agricultural sector. This sector is by far the
 

largest in the Indian economy and provides the largest component of the
 

consumer's budget. Intensive efforts are underway to change its technology
 

and while in the short run these may have only a marginal effect, in the
 

long run they must be successful if India is to maintain a viable economy.
 

Satisfactory treatment of the requirements for agricultural expansion are
 

particularly crucial, therefore, in projecting long-run development in
 

India. Agricultural development is a complex of social reorganization,
 

additional inputs and technological change. If it is successful more
 

capital inputs and more of some, though less of other, current inputs will
 

be required. The consequence will be an increaso in land and labor pro­

ductivity. If the model were allowed to choose between alternative
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traditional end modern input vectors and capital coefficients it might
 

well choose the former. This would happen if the inputs into the tra­

ditional technology are less costly in terms of the scarce factors which
 

appear in the model than the inputs required by the modern technology.
 

However, by imposing a limit on the output of the traditional sector the
 

model can be forced to shift to the modern technology in order to satisfy
 

the increasing demands on the sector. The model must be provided with
 

the current input vectors for the alternative technologies and the capital
 

coefficients and the two productivities of land must be specified. In
 

additior a constraint must be added embodying the limits on output imposed
 

by the available land when used with the two technologies.
 

The inequalities of (9.0) and (9.l) are required because of the
 

new treatment of the agricultural sector.
 

When the terminal levels of capital stocks are endogenously deter­

mined it becomes necessary to specify the level of output in one of the
 

two activities producing agriculture. In order to do this it is con­

venient to consider the agricultural sector as composed of "traditional"
 

and "incremental" activities rather than "traditional" and "modern" 

activities, The process of modernization is viewed not as one in which
 

the modern sector displaces the traditional sector on existing land.
 

Rather it is as if incremental inputs to supplement the traditional
 

inputs are applied to the same piece of land. The land then yields both
 

traditional and incremental outputs. I In this formulation the traditional
 

The 'incremental' sector can be conceived of as the additional output
 
that the Village Level Extension Worker gets by applying additional inputs
 
from the same piece of land on which the farmer has applied the traditional
 
inputs to get his traditional output.
 

I 
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sector may continue to operate throughout the planning period on all the 

land that is cultivable, The available cultivable land is assumed to 

increase by 0.5 per cent a year due to reclamation efforts. The maximum 

available cultivable land for each period is thus known and during the 

planning period the traditional activity is limited by this ceiling in 

each period. Restraints (9.0) reflect these ceilings. The incremental 

agriculture activity cannot be operated on any land that is not cultivated 

by the traditional activity. Thus the 'incremental' activity in each 

period is confined to the land actually cultivated by the traditional 

activity in that period. The constraints (9.1) stipulate this requirement. 

An explicit specification of these constraints isnecessary becausb the 

"incremental" inputs without the necessary traditional inputs which they 

supplement may be less costly than the traditional agricultural inputsd 

For the post-terminal years it is assumed that traditional agri­

cultureuses all the cultivable land that is available and thus the terminal 

level of output of.traditional agricultural activity is fixed. It may 

happen that the model solution indicates idle land capacity in the terminal 

year in which case the assumption of full use of land in post-terminal 

years would not be optimal. An iterative procedure would then be required 

to stipulate the terminal level of traditional agriculture. However in 

the solutions presented below this was not necessary. The input coef­

ficients for the newly defined traditional sector are the same as those
 

for the traditional sector conventionally defined, The input coefficients
 

in the incremental agriculture sector are derived as follows. Consider a
 

unit of land in modern agriculture. The vector of inputs applied to the
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land is aMym where aM is the vector of input coefficient for the modern 

agriculture, and it produces output yM Alternatively, if the unit of 

land were viewed as employed in incremental and traditional agriculture, 

their inputs, aly + a12Y12 , would produce the same output; i.e., 

YI * Y12 u yM" Total inputs must be the same in either interpretation, 

sot 

a12y12 
aMYn
 

a M - '12Y12 aMYM - aTYT 

I YM - 2 YM - YT 

The capital coefficient b1 is similarly derived, and
 

byM - b TYT
 

1 - .
 

Since the time aggregation has reduced the investment lag to one
 

period there is no initial capital in process, and only the initial capital
 

capacities need be specified in order to start the model solution. This
 

is shown in (10).
 

The technique for a partly endogenous determination of terminal
 

conditions which is used in the Transit Model is used in the Guidepost
 

Model also.
 

In equations (12.0) not only the post-terminal growth rates for
 

demands and imports but also the level and the growth rate of the output
 

of the Traditional Agriculture activity are specified. In the distribution
 



equations (12.1) for the post-terminal years, a(T), s(T), b(T), p(T) and 

m'(T) are the square matrices for the first eleven activities. The twelfth 

colums for the Traditional Agriculture activity have been separated from
 

each of these matrices and are denoted by a12(T), S12(T) b12(T), P12(T) 

and m' (T). Similarly X(t) is partitioned into *(t) and X12 (t). For the
 
12 1 

post-terminal period in (12.1) all the coefficients are assumed to remain 

constant at their terminal period values. 

The particular solution (13.1) gives the output levels of the first
 

eleven activities for the post-terminal period from which the terminal 

capital and inventory stocks are derived in relations (14).
 

Relationships (1)through (14) complete the description of the 

Guidepath-I Model. 

The Guidepath-ilr Model embodies an additional constraint in the form 

of a behavioral relation of private and public consumption to national in­

come. This is shown in (15.0). 

(15.0) C(t) * UG z0(t)t) ) for tl, 00t T 

The additional constraints (15.0) constitute limits on the maximum 

net savings rates that can be realized in each period. This reflects an 

institutional limitation on the ability to raise savings. The coefficient
 

iI in (1S.0), which is the marginal propensity to consume, may be altered 

by economic policy and can be considered a policy parameter. Without this
 

constraint the model is similar to the theoretical models designed to find
 

an "optimal savings program" limited on the consumption side only by the 

floors which are set for consumption. As pointed out previously specification 

of these minimum levels would not be required if there were reason to believe 
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that the objective function was a good representation of the social welfare
 

function... Since this is not the case, and there is no way of knowing that
 

social welfare function directly, its role in the model is simulated by
 

various types of constraints of which (15.0) is one.
 

5,3 The Guidepost Models 

These models are really versions of the Target Model. They are 

given a new name since their terminal conditions are based on solutions to 

the long term Guidapath Model and since the structural changes of the 

Cuidepath Models are retained even though the Guidepost Models are short
 

run models. Compared to the Target and Transit Model solutions the Guide­

post solutions are compatible with an explicit long term optimizing path.
 

They provide a more detailed working out of the first years of the Guide­

path solution.
 

In this case the procedure for establishing terminal conditions is
 

based on the third three year period stocks of the Guidepath Model's
 

solution. These are interpolated to determine conditions for the Guidepost
 

Model which provide the same capital stocks in the post-terminal years as
 

provided by the Guidepath solution for the same years.
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S.4 Character of the Guidepath Model Solutions 

The Guidepmth Models may be regarded as multi-sectoral versions of 

finite horizon, linear models of capital accumulation and growth with the 

addition of a number of exogenously specified demands on the system.. As 

such the general quality of the solutions may be predicted from the
 

simpler models which have already been worked out in a number of variations. 

Depending on the rate at which consumption is discounted and on the pro­

ductivity of investment, there will be a tendency to concentrate consumption 

at the beginning or end of the planning period. This so-called "flip-flop" 

or "bang-bang" tendency which is quite marked in the simpler, linear 

models will be moderated in the Guidepath solutions by a number of features 
there each 

of the Models. First of all,/are many sectors , /with different initial 

capacities, input requirements and demands for consumption and investment.
 
These 
/create effective, overall non-linearities in the model even though the re­

lationships in each sector are linear. The provision of two activities 

in Agriculture with different input requirements makes the aggregate output 

of that sector respond in a non-linear fashion to total inputs to the 

sector. The composition of consumption demand, of export demand and of 

depreciation change over time as do import and inventory coefficients and 

the availability of net foreign capital inflows. Unlike single sector
 

models in which capital can be consumed or used for further production,
 

the capital stocks in the Guidepath Models are durable and cannot be eaten 

up all at once even if that were to be desired. In addition the terminal 

conditions which guarantee post-terminal growth from the endogenously 

determined consuMition levels of the final plan period tend to depress the 

level of consumption in the final plan period. 
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All of these elements act to create a feasibility hypersurface 

.which is multi-faceted, An increment in consumption gained in a future 

period is not linearly related to the current sacrifice in consumption 

necessary to gain the increment. As a result the solutions to the Guide­

path Models cannot be expected to take on a simple flip-flop pattern 

though this remains an underlying tendency. Yet, though the non-linearities 

avoid the extremes of the flip-flop pattern they will not necessarily pro­
of consumption.

vide a desirable pattern/ One of the objectives of the alternative 

solutions will be to find methods of achieving the patterns desired. 

The long planning period and the reduction in intertemporal do­

pendence which results from collapsing the gestation lag provides the 

Guidepath Models with more freedom to choose a time pattern of output 

than is available to the Target and Transit Models. Otherwise the dis­

cussion in Chapter 2 of the characteristics of the optimizing process 

and the role of the shadow prices applies here as well. 

55 Additional Data and Assumptions for the Guidepath and Guidepost Models 1 

Long term planning calls for additional data which are intrinsically
 

more difficult to provide than the data required for short term planning. 

Technological change can be expected to modify current and capital flow 

coefficients. Income elasticities will change with time and income. New 

products may be introduced. Yet there are no generally accepted techniques 

and empirical materials with which to predict such changes. In general
 

parameters appropriate to different time periods could be embodied in 

the model, if they are known. The obstacles to better specification areas 

much empirical as theoretical. Por example, although the method described 

1 Numerical tables and figures for this chapter are presented separately 
in the accompanying volume.
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above for agriculture to provide for a change intechnology could be used 

in other sectors, the data available to us did not warrant It, 

For the 1960.614a matrix which has previously been used, another 

matrix was substituted for the period after 1971-72. This is based on a 

modification of the 1959-60 "a*matrix projected for 1970-71 by Rudra and 
1 

Manna. After some investigation of the possibility of substituting 

matrices for other countries for later periods the attempt was dropped. 

If it could have succeeded, it would have required far more time and re­

sources than were available to us to establish comparability. The same 

conclusion was drawn after trying to find alternative estimates of capital 

coefficients. The input requirements for modern agriculture are, however, 

taken from the input vector of a Japanese input-output matrix,2 The
 

capital output ratio of 2,S is used for modern agriculture in all but one
 

solution in which a ratio of 4 is used., The composition of capital in 

it is obtained from Japanese data.
 

The inventory coefficients are reduced by 1.0 per cent eve'ry year,
 

I.e. 3.03 per cent every 3 year period in the Guidepath Models to reflect
 

a common conjecture as to their behavior.
 

The depreciation and replacement requirements for the longer period
 

are estimated from the estimates of investments made during the First,
 

Second and Third Plans. Likewise procedures similar to those previously
 

employed were used to project the government and export vectors.. In the
 

1 AoRudra and A. Manne, Studies in the Structure of the Indian Economy.
 

2 An unpublished paper by S. Ichimura and S.'Miyano, "A ynamic Input-

Out ut Model of the Japanese Economy."
 



former case the sectoral composition of government demand is held constant 

and the. total is p:.ojected at the rate of 600 per cent per annum, i.e. 

19.10 p3r cent per period. 6xports of each sector are projected at 

different rates representing a judgment as to the sector's potential, The 

numbers used could only be called guesses based on judgment of recent 

years' achievements and on the projections of potential shares of total 

markets made by B, Balassa.I
 

The "non-competitive" import coefficients are reduced from period
 

to period to reflect growing self-reliance. No restraints on the use of
 

foreign-exchange for competitive imports are introduced in the Guidepath 

and Guidepost 1,1odelso
 

Estimates of expenditure elasticities are required for the models. 

There is an abundance of data for India stenching mainly from the National 

Sample Surveys conducted by the Indian Statistical Institute though ex­

tensive analysis of these data has not yet been fully successful in
 

establishing comparability. Moreover, the goods categories for which the
 

elasticities have been estimated do not in general conform to the sectoral
 

classifications of the input-output tables. 

New research on this subject was beyond the scope of the project 

so the estimates used in the computations reported here are no more than 

personal judgments based on existing analyses of Indian data and inter­
2 

national comparisons. There is clearly material and scope for further 

I D. Balassa, Trade Prospects for Developing Countries, 1964,
 

For purposes of comparison we used the study by 11. llauthakker, "An 
International Comparison of Household Expenditure Patterns, Commemorating
the Centenary of Engel's Law," Econometrica., Vol. 25, Oct., 1957, pp. 
532-551. 

2 
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analysis which would reorganize and ra-estimate consumption-expenditure 

relationships in categories more useful for policy purposes. 

The ratio of consumption and NNP in the last year of the Third 

Plan as projected by the Perspective Planning Division is used along 

with alternative marginal savings rates to determine tho parameters of 

the consumption-income constraint when it is enforced. 

Inmost cases net foreign capital inflow is set at 500 crores per
 

annum until 1977 after which it is set to zero. This reflects in a rough 

way a frequently stated Indian goal of self-sufficiency by the Fifth Plan. 

In alternative solutions this stipulation is changed and the net foreign 

inflow is increased or the period of availability extended. 

The first solutions to the Guidepath-I Model cover a span of 

eighteen years in six periods each of three years duration. Although
 

this is only one more period in length than the five year models, the
 

time aggregation actually gives the model much more freedom with which
 

to allocate resources. The initial and teTminal conditions now affect
 

only the initial and final periods rather than overlapping to constrain
 

the entire path. A solution for thirty years in ten three year periods
 

will also be presented. The data inputs are shown in Tables 5-3 through
 

5-13.
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5,6 Solutions to the Guidejath-l Models
 

5.6,1 Overall Patterns
 

Each solution to the Guidepath Model illustrates an alternative 

potential path of development which corresponds to a particular specifica­

tion of parameters. In order to find a most desirable or even an accept­

able solution it is necessary to carry out a series of iterations. The
 

iterative approach is required partly because of the linearities in the 

model and partly because of difficulties in specifying precisely all of 

its parameters,. Out of the many possible solutions which have been 

found we shall present only a few in order to illustrate certain 

properties of the model and to demonstrate the significance of alter­

native time preferences and policies. 

The process of finding "acceptable" solutions is illustrated in 

Table 5-14 and Figure 5-1 which plots the time paths of consumption 

generated in alternative solutions to the Guidepath-I Model for six 

three year periods. Case C-1 is a solution in which the only requirement
 

on the consumption pattern in the intra-plan period is that aggregate
 

consumption not fall from the level of the preceding period. Further­

more the discount rate w is set to zero in C-l It can be seen that it 

behaves somewhat in the flip-flop manner, by holding consumption to a 

minimum in the early periods and then pushing it up very rapidly in the 

later periods. The period in which the big increase comes and the 

subsequent pattern of consumption production depends in part on the 

effective aggregate capital output ratio and in part on the post-terminal 

growth requirement which is imposed. The model chooses to keep consumption 

in the last period at the same level as in the fifth period in this 
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solution as ahigher level would only increase the investment require­

ments for post-terminal growth. Since the effective, aggregate capital 

output ratio in the Guidepath solution with its three year periods is less
 

than one the big jump in private consumption should occur in the last 

period. However the post-terminal capital requirements depend upon the 

level of private 'consumption in the terminal period.° To satisfy these 

requirements at lowest cost to the maximand the model solution if not 

constrained would tend to depress that level until it does not have to 

provide any additional capital for the post-terminal periods. Hence the 

jump in consumption occurs in the fourth period rather than the sixth 

period in case G-l. 

The post-terminal consumption stream can be introduced explicitly
 

in the objective function by adding a second term in the maximand: 

T C(t) .o (0) t T
 

E _ t * C(T) ­

tal (14w) t-T+l (Ilw)
 

This is used in solution C-2 in which a weight of 4.0 is given to the 

terminal period consumption. The objective function becomes 
t~-Tt-l 

W C(l) + . +..C(T)I.(14) . (.o°j * where 042380 

the required post-terminal rate of growth of consumption and where cr, 
per year, 

the discount rate for the post-terminal consumption, is 0.24/ In 6-2 

a 26% higher level of consumption is reached in the sixth period than in
 

solution G-l. More extreme "flip-flop" behavior in the form of still 

greater concentration of consumption in the last period is prevented by 

the lack of foreign exchange required for non-competitive imports. In 
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solution C-2 all of the available foreign exchange is used for non­

competitive imports in all periods but the first. This happens in spite 

of the fact that the non-competitive import coefficients are reduced every two 

periods- in order to reflect import substitution. The import requirements 

in the terminal period are 2.14% of the gross national product compared to 

5.37%of the gross national product in the first period. 

Social discount rates on consumption of 10% per year, 20% per year 

and 30% per year are applied successively in solutions G-3, G-4 and G-5 

with post-terminal consumption growth requirements of 12.5% per year. 

The intra-plan consumption growth constraints are removed so not even 

monotonacity is requi.ed. Removal of this requirement permits the flip­

flop tendency to show itself more clearly if it exists, It is most obvious 

in solution G-3 in which consumption declines absolutely in the third 

period in order to accumulate capital in the capital-producing sectors 

at a high rate. The pay-off to this accumulation comes in the fourth 

and fifth period. The model solution now reduces consumption in the last 

period to reduce the diversion of resources to post-terminal growth. 

The higher discount rates in solutions G-4 and G-5 offset the flip-flop 

shown in G-3 and lead to consumption patterns in which a much higher 

proportion of total consumption is provided in the first three periods. 

The effective non-linearities in the model prevent a full reversal of
 

the pattern of consumption in solution G-3 and the pattern is one of 

smooth growth until the weight of the post-terminal conditions leads to 

a reduction of the consumption produced in the last plan period. 

The concentration of consumption at the end, or at the beginning, 

of a planning period is a feature of linear models rather than an essential
 

http:requi.ed
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economic property of growth.. Not only does such behavior violate a
 

general sense of what is considered an acceptable time shape of consumption
 

but it forces drastic changes in resource allocations on the system in
 

particular years. Itmay even be difficult to reproduce in practice 

the characteristics of the solution. In order for the Guidepath Models
 

to be useful, therefore, it is necessary to find methods of altering the
 

shape of the time path of aggregate consumption to conform, within the
 

limits of economic feasibility, to the dictates of policy. The first
 

device used is simply that of setting constraints on that path. In 

solution G-6 minimum growth constraints are imposed on consumption in
 

successive periods of 5%, 6%, 7%, 8% and 9% per year, and a post-terminal
 

growth requirement of 12o5% per year of consumption is required. This
 

solution is also plotted in Figure 5-1. The effect of the progressively 

higher consumption growth requirements in raising the levels in the early
 

years and smoothing the overall path is apparent. Solution G-7 in
 

Figure 5-1 has consumption growth constraints in successive periods of
 

6%6 7%, 8%, 9% and 10% per year and post-terminal consumption growth re­

quirement of 10% per year0
 

Table 5-14 and Figure 5-1 also illustrate the overall effects of
 

adding constraints. The level of consumption reached in the final period
 

by solution G-1, without intra-plan consumption growth constraints but
 

with a 12.5% per year post-terminal growth requirement, is less than that
 

in solutions C-6 and C-7 with the same post-terminal growth constraint
 

but with intra-plan consumption growth requirements of 5% and higher. The
 

value of the maximand in solution G-1 is higher, of course, as the intra-.
 

plan growth constraints force a higher level of consumption in the early
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plan years at the sacrifice of aggregate consumption over the entire plan 

period. 

In order to test further the significance for the results of 

changes in the length of the planning period a few trials were made with 

or thirty years.
the Guidepath-I Model covering ten three-year periods, 

5-2 presents the time path of consumption generated by
Figure 

solutions to the Guidepath-I Model for ten periods. In solution C-8 the 

is only that consumption in any
intra-plan requirement on consumption 

level attained in the preceding period,
period may not fall below the 

is that consumption be able to grow
and the post-cerminal requirement 


the solution exhibits the "flip-flop"
at 12.5 per cent per year. Again 

tendency, delaying any increase in consumption until the latter portion 

pushed up very rapidly, Also, as in
of the planning period when it is 

the analogous six period solution C-1, the post-terminal 
consumption
 

for the constancy of consumption in the
growth requirement is responsible 


requires a smaller diversion of

last three periods since this pattern 


than one with higher

resources to meet the post-terminal requirements 

effect of imposing intra-plan consumption
terminal consumption levels0 The 

6%0 7%, 8%g 9%, 10%,
growth requirements between successive periods of 5%, 

12% and 12.5% per year while keeping the 12.5% per year post-terminal
11%, 


is shown in Figure 5-2 as solution G.9,

consumption growth requirement 


For purposes of comparison, the solution G-6, which has similar intra­

plan consumption growth requirements for six periods is also plotted in
 

Figure 5-2. The close correspondence of the overall results for the first
 

The national income accounts for solutions
four periods is quite ovident. 


5-15 and 5-16 respectively.G-6 and G-9 are presented in Tables 
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In these first four periods the consumption growth constraint is
 

In both cases the solutions are just satisfying
binding in both models. 


these constraints and otherwise saving and investing for the future.. The
 

differnces in the fifth and sixth periods reflect the influences of 

In the six period model the 12.S% post-terminal
terminal conditions. 


growth requirement is reflected into the sixth period and the model is 

beginning some part of its adjustment to these post-terminal requirements 

even in the fourth and fifth periods. However. in the ten period case 

the model is continuing its policy of delaying consumption until it is 

ready for the big change of the sixth period whereas in the six period 

case the biggest increase in consumption comes in the fifth period.. As 

the overall results suggest)the sectoral uses and allocations of resources 

in the six and ten period models are quite similar in the first three 

periods and after that diverge in their relative emphasis on consumption 

and capital goods production. Thus the edge effects of terminating the
 

Guidepath-I solutions presented extend up to two or three periods into
 

the plan period. This knowledge provides a basis for choice of the length
 

of the plan period for which extensive investigation of parametric varia­

tions should be carried out. However, it should be pointed out that with
 

a different set of parameters the edge effects could extend all the way
 

to the first period so these results should not be generalized. 

In the national income accounts for solution G-9 in Table 5-160 

it will b6 noticed there that in the ninth period there is substantial 

no fixed invest­amount of disinvestment in inventories and that there is 


ment in the tenth period. This is the result of the ceiling on total
 

output of Agriculture imposed by the full use of the limited amount of
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land. Even when all the available land is modernized the maximum level 

of consumption in the tenth period is still restricted by the limited 

output 	of Agriculture. 

Since investment goods production requires Agricultural output as an 

intermediate input, all investments for the terminal targets are made in
 

the ninth period to maximize consumption in the tenth period. Consequently 

the output of investment goods sector is higher in the ninth period than 

in the tenth period. This leads to disinvestment in inventory in the ninth 

period. 

5.6.2 	Details of the Guidepath-I Solutions
 

Solutions G-10, G-11 and G-12 are computed with the data as given
 

in the section 5-5 They differ from solutions G-1 through 6-9 in initial
 

capacities, non-competitive import coefficients and in thelaematrix from
 
1 

third period onward, and the two sets are thus not strictly comparable. 

Solution G-10, which has the same consumption growth requirements as 

solution G-6, is used as a Reference Solution. Tables 5-17 to 5-26 

present various features of the Guidepath-I Reference Solution. The 

national income accounts aire shown in Table 5-17. The overall rate of
 

growth of gross national product ranges from 7.8% to 12.7%. This is 

mainly the result of the high rates of investment. Net foreign capital 

inflows contribute to this investment, of course, but domestic savings are 

by far 	and away the largest source. This is reflected in the high average
 

I In solutions G-10, G-11 and G-12 the initial capacities are based on 
the adjusted estimated outputs of 1965-66, so that these solutions may 
be compatible with the Fourth Plan period solutions of Chapter 4. 
Solutions G-1 through G-9 have small discrepancies which make them less 
comparable,
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savings-rates which are created by the even more unusually high m1 

domestic savings rates as shown in Table 5-17.. The savings rate informa­

tion helps to dispel some of the possible wonder at the growth performance 

reflected in the solution. Not only is the model behaving optimally in
 

allocating resources and directing production for current output but also 

it is plowing back its output into investment for further growth at in­

creasingly high rates. 

It should be noted that since labor and raw materials are assumed to 

be always in adequate supply in the model. no restraints on growth arising 

from their scarcity are created. To the extent that these assumptions are 

true at all, they are likely to be so only in the earlier part of the 

plan period. 

The composition of output in the Reference Solution is shown in 

Table 5-18 in each period of time. It will be noticed that the solution 

reflects a growing "industrialization°" Table 5-19 ranks the sectors in 

terms of the growth rates from the first to the post-terminal period. 

Mining and Metals, Electrical Generation and Chemicals have markedly the 

highest growth rates. Equipment, Cement-Glass-Wood, Transportation and 

Construction are in the next group with roughly similar growth rates. The 

last, slowest growing group includes the Other and Margin, Food and .lothing, 

Housing and Agricultural sectors. However, it will be noticed that the 

Incremental Agriculture activity continues to grow rapidly even after it 

has achieved a position dominating Traditional Agriculture by the fifth 

period or fifteenth year. The outputs for the seventh period are those 

required by the terminal conditions. The output of the Incremental Agri. 

culture activity is slightly more than three times the output of the 
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Traditional Agricultural activity. This is inconsistent with the
 

assumption of a productivity ratio of 3.0 between the two activities.
 

The lack of cultivable land will make the outputs of the seventh period
 

unachievable unless technological progress has made modern agriculture
 

more productive by then.
 

The shadow prices on output for each period are shown in Table
 

5-20. The tendency for the prices to fall over time is a result of the
 

greater contribution to the maximand which is made by output in the early
 

as compared to the later periods because the post-terminal consumption is
 

not explicitly included in the objective function.
 

Itwill be recalled that in the Guidepath-I solutions presented
 

the constraints on the use of foreign exchange for "competitive" imports
 

were made inoperative. Table 5-21 shows non-competitive and competitive
 
2 

imports by sectors. Table 5-21 also includes the shadow price on the
 

foreign exchange balance constraint.
 

The existence of competitiva imports in each period indicates that
 

the availability of foreign exchange does not set an absolute limit to
 

output. The usefulnoss of foreign exchange here is reflected in the
 

shadow price on the balance of payments constraints. Without the con­

straints on competitive imports which were imposed in Target and Transit
 

Models, the shadow prices on the foreign exchange balance reflect the 

1 This is possible in the post-terminal period in the model, since the 
inequalities (9.1) cannot be included in deriving (13.0) for post-terminal 
output. 

2 Since competitive imports for the post-terminal period, M"(T+l), do not 
enter the model explicitly the linear programning solution does not pre­
vent "competitive" imports from being negative though, of course, total
 
imports in a sector must be non-negative.
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value of the output of the sector in which competitive imports are made, 

Table S-22 presents the sectoral consumptions in each period. These 

now reflect the consumption-expenditure elasticities specified for each 

sector. Although Agricu:ture continues to provide the largest single
 

component of consumption its share is reduced by 164 from 38% to 32% over 

the planning period. By comparison the share of Equipment in total con­

sumption increases by SO% from 2,6%to 3.9%. 

The shadow prices on the consumption growth constraints are also 

shown in Table 5-22. The relatively high prices in the initial period 

reflect the tendency of the model to concentrate consumption toward the 

end of the period°. Between the fourth and fifth periods the model solution 

would anyway increase consumption so the constraint is not binding. 

The available capital stocks and the new capital capacity becoming
 

effective in each period are shown 	 in Tables 5-23 and 5-24 and the shadow 
1 

price of new capital in Table 5-25. The rapid growth of the capital 

stocks is the result of the high rates of saving and investment. It might 

be noted that the pattern of accumulation varies considerably from period 

to period though the relative prices on new capital do not change sub­

stantially. The changes in the investment pattern can be associated with 

the consumption growth path. In the early periods when consumption grows 

relatively slowly, the emphasis is on investment in the capital goods pro­

ducing sectors and their major suppliers. In the fifth period when con­

sumption grows more rapidly, the emphasis switches to accumulation in the 

consumption producing sectors. The industrial sectors (Mining and Metals, 

I All the new capital available at the beginning of the first perlod is
 
already included in the specified total initial endowment..
 



Equipment, Chemicals, Cement-Glass-Wood and Electricity) had 24.9 per cent 

of the capital at the outset, their total share by the third period rises 

to 35,6 per cent and the share in the sixth period is 37.4 per cent. 

The use of the capital is indicated in Table 5-26 which shows the 

ratio of idle to total capacity. The substantial amounts of idle capacity 

in the first period reflects the lack of "balance" in the initial con­

ditions as compared to the proportions in which this particular solution 

would like to have capacity available. The initial "imbalance" is elim­

inated in the second period.
 

In judging the significance of the pattern of accumulation and use
 

of capital many of the qualifications applied to the Target and Transit 

models because of their short time horizon do not apply. The time period
 

is sufficiently long that explanations based on events and goals of the 

post-planning period such as import substitution and self-sufficiency have 

less weight than in the shorter models to the extent that the longer term 

model adequately reflects such goals in its constraints and parameters. 

In addition, while the treatment of changing technology in agriculture 

and the change in consumption proportions is still quite simple, the present 

models meet some of the possible objections to the rigid treatment of 

these aspects of planning in the Target and Transit Models. The Guidopath-I 

Model for six periods is solved with several variations in parameters. In 

Table 5-27 the period-by-period national income accounts are shown of 

solution G-10.l with net foreign capital inflow doubled for the same 

twelve years in which it was available in the previous solutions. Com­

parison with Table 5-16 indicates that the model uses the additional 

foreign exchange to carry out additional investment in the early periods 
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keeping consumption virtually unchanged in the first nine years. The 

additional foreign exchange makes it possible to break some bottlenecks 

as shown by the fact that investment increases by much more than the 

additional foreign exchange in the first three periods. Whereas in the 

Reference Solution the capacities in the Agriculture, Food, Clothing and 

Leather, and Mining and Metals sectors were fully utilized in the first 

period, now the idle capacities in this period in the Equipment and the 

Construction sectors are also eliminated. The total effect on the maximand 

of the change in foreign aid availability is to raise the value of con­

sumption available over the entire planning period by 11s° 60,375 crores 

or over 10 per cent, The entire amount of that change comes in the last 

nine years, However, there are alternative patterns of saving and invest­

ment possible with the additional net foreign capital inflow. By changing 

the consumption growth constraints some part of the additionally available 

consumption could be shifted forward in time with resultant reductions 

in the maximand. 

Table 5-28 shows the national income accounts of the solution G-10.2 

with net foreign aid extended over the entire planning period at the rate
 

of the Reference Solution, Rs. 1500 crores per period. The effect on the 

solution as compared to Table 5-16 is to increase the maximand by Rs. 5029 

crores, i.e. by less than 1.0 per cent and, as would be now expected, the 

increase comes entirely in the last two periods. Again, however, with 

modification of the consumption growth constraints some paft, of consumption 

increase could be shifted forward in time. 
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Solutions C-11 are similar to solutions G-10 but with the initial
 

capacities based on 1965-66 outputs adjusted for coverage on thirty-two
 

sector 	basis. In solutions G.11 the initial capital is greater than in 

solution G-1O by RS, 1580 croreso This leads to a difference of Rs.
 

17,653 	crores in consumption in the sixth period. In solution G-12.O
 

the capital output ratio in Modern Agriculture is set at 4.0 which corres­

ponds 	to the Japanese ratio as compared to 2.5 in the Reference Solution
 

G-10.0. With the consumption growth constraints of solution C-10.O 
 a 

feasible solution did not exist. When the intra-plan growth rate in the
 

first period is reduced from 5% per year to 3% per year a feasible solution
 

is obtained. The increased difficulty oi modernizing Agriculture due to
 

the higher capital output ratio reduces substantially the total consumption
 

which is provided. Consumption in tile teminal period in this case is only
 

0.70 of 	the consumption in the Reference Solution G-OO0 Even then the 

capital stock in Incremental Agriculture is hinher in G-12.0 than in 6-1OOo 

The total terminal stock is also higher and the sectoral composition of 

capacities is different. 

5.7 	The Guidepath-II Solutions 

As pointed out in discussion of the Cuidepath-I Solutions one of 

their striking characteristics is the high savings rates which they 

generate which are required by the high growth rates. These rates are 

not imposed on the solutions but are the result of the constraints and
 

the optimizing behavior of the model. In the Guidepath-II Model a savings
 

constraint is added which provides an explicit policy variable and more
 

fundamentally another way, though still indirect, of imposing on the
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solution the preferences of society. The savings constraint sets a
 

limit in each period on the maximum marginal rate of savings.
 

Finding an "acceptable" solution to the Guidepath-II Model or a 

menu of "reasonable" alternatives is again an iterative process. The 

first step in the process is a rough, macroeconomic calculation of the 

potential growth rate of the system with a savings constraint using a 

savings-investment, Harrod-Domar type model, From this it appeared that, 

with a marginal net savings rate of 20%, it might be possible for the
 

system to maintain a growth rate of 8% per year. This rate is, therefore,
 

set as the required post-terminal growth rate for constmption in the first
 

solution for the Guidopath.II Model. The intraoplan growth constraint on
 

consumption is set to zero so that only monotonic behavior is required0
 

A feasible solution is obtained under these conditions. FHowever, in the
 

solution the investments required for the post-torminal period are spread
 

over the last two periods, and the savings constraints are binding in
 

these periods, This indicates the impossibility of indefinitely maintaining
 

1 The base year is taken as 1965-66 for which net national product (NNP) 
and net domestic savings are estimated at Rs. 19,570 crores and Rs. 2080 
crores respectively. The minimum consumption for a three year period 
is then; 

(1) C(t) * G(t) 2 5520 + 0.80 NNP(t) when marginal savings rate :_ .20 
and 
(2) C(t) + G(t) a 11385 + 0,70 NNP(t) when marginal savings rate < .30
 

In the constraints embodied in the solutions, the value added by govern­
ment, which is assumed to be 166G(t) and is external to the model, was
 
inadvertently omitted from the net national product. This has the effect
 
of raising the permissible savings and the constraints become
 

(i) C(t) + G(t) >5520 + 0.80 [NNP(t) - 166-G(t)] 
and 
(ii) C(t) + G(t) 2!11385 + 0.70 [NNP(t) 1.66 6(t)] 

http:Guidopath.II
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the eight per cent per year post-terminal growth requirement for con­

sumption with a marginal net savings rate of 0.20.
 

In the next solution, S-l.0 in Table 5-29, still using the 20%
 

marginal savings rate, the post-terminal consumption growth requirement
 

is reduced to six per cent per year and a five per cent per year intra­

plan growth requirement is imposed. This also gives a feasible solution
 

but again one whose character indicates that the post-terminal growth
 

requirement is too high in the sense that it cannot be indefinitely main­

tained. This is shown by the decision in the model solution to carry out
 

some investment prior to the last plan period even though the capital
 

formed remained idle until it became necessary to fulfill pc-t-terminal
 

requirements. This again demonstrates the inability of the model with
 

the 20% marginal savings rate to produce in the last plan period alone
 

the requirements for post-terminal growth. The amounts involved are
 

relatively small, however, and the feature disappears completely when
 

the post-terminal growth requirement is reduced to five per cent per year.
 

When a solution is attempted with the required intra-plan and post­

terminal consumption growth rates of solution both set at 5s per year, 

but the marginal net savings rate set at 15%, it is found to be infeasible. 

On the other hand, when the marginal net savings rate is raised to 30% 

with a required 5% per year intra-plan consumption growth rate but now
 

an 8%per year post-terminal rate, the solution is feasible. This is
 

solution S-2.0 in Figure 5-4. These solutions with some further varia­

tions are also tabulated in Table 5-29. Table 5-30 embodies the national
 

income accounts for the Guidepath-Il S-1.0 which will serve as a Reference
 

Solution. It has 5% per year intra-plan and 6% per year post-terminal
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consumption growth requirements and a maximum marginal savings rate of 

20% and other conditions as in the Guidepath-I Reference Solution., The 

Gnidepath-I and Guidepath-II Reference Solutions have interesting con­

trasts. The 21% to 38% average savings rates of the Guidepath-4 

Reference Solution cannot be realized in solution S-l.0 whose marginal 

savings rate is constrained at a lower level. As could be expected in 

the Guidepath-lI Reference Solution the savings constraint operates to
 

limit the rate of change of net domestic savings from the 10.6% average
 

rate which obtained in the pro-plan period. Subsequently the average
 

net savings rate never rises above 15.3% or 17.7% on a gross basis.
 

The average gross savings rate actually achieved goes up from 14.0% at
 

the outset to 17,7% in the last period.. The savings constraint is
 

binding in all periods. 

Most of the characteristic features of the CuidepathII Reference 

Solution follow from the savings constraint in a manner which is clear 

by contrast with the Guidepath-I solutions. With less domestic saving 

the rate of investment in some years is less than half that of the 

Guidepath-I Reference Solution. In the Cuidepath-II Reference Solution 

the levels of consumption are higher in the first nine years and lower 

in the last nine years and the possible post-terminal achievement of 

the solution is lower. Because the level of savings is lower, investment 

must be lower. Consumption must be maintained, however, so fewer resources 

can be devoted to creating capacity in the capital goods sectors. As a 

result less capacity can eventually be created in the consumer goods 

sectors, The total value of consumption produced in this Guidepath-II 

Reference Solution is at Rs. 497,858 crores over the eighteen years is 
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16.6% less than the Rs. 595.616 crores produced in the Guidepath-I
 

Reference Solution. Although the Guidepath..II Reference Solution has
 

higher consumption levels in the first half of the planning period the
 

gross national product is uniformly lower.
 

Some of the detailed sectoral implications of the Guidepath-lI
 

Reference Solution are indicated in Tables 5-31 through 5-37. Table 5-31
 

which presents the gross domestic outputs by sector indicates again a
 

growing "industrialization" of the economy but, in comparison with the
 

Guidepath-I Reference Solution, at a substantially slower rate.
 

In Table 5.32 the shadow prices of output are shown along with the
 

shadow prices on the savings constraints. In the first period all but
 

Housing have the same shadow price which is the same as the shadow price
 

on the savings constraint for the first period. In this case therefore the
 

value of an additional unit of output must be that of an additional unit
 

of savings. The value of Housing is much higher because capacity in
 

Housing is fully utilized and imports are not permitted. It is the bottle­

neck sector in the first period since with additional Housing capacity
 

more consumption could be provided which in turn would generate more in­

come and consequently more savings0 Inthe second period the shadow prices
 

of output of all the sectors are the sane as the shadow price on the
 

savings constraint for the period. From third period onwards other con­

straints become more significant and the savings constraint though still
 

binding is no longer so completely doinant.
 

The use of foreign exchange for non-competitive and competitive 

imports and the shadow prices of foreign exchange for the Guidepath-II 

Reference Solution are shown in Table S-33. In the first period 
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non.competitive imports are concentrated in consumer goods sectors in 

order to raise aggregate consumption, not national product and savings. 

After the first period Mining and Metals continues to be the sector toward 

which foreign exchange is directed after non-competitive imports require­

ments have been satisfied. The shadow prices on the foreign exchange
 

balance indicate a somewhat lesser foreign exchange stringency in the 

first periods as compared to the Guidepath-I Reference Solution and a 

slightly greater stringency in the latter periods. 

Table 5-34 presents the sectoral distribution of consumption in 

each period and the shadow prices on the consumption growth constraint 

and the savings constraint. The higher levels of aggregate consumption
 

in the first periods lead to an earlier shifting of the composition of
 

consumption away from agricultural products relative to the Guidepath-I
 

Reference Solution. This shifting slows down in the latter periods as 

aggregate consumption grows more slowly. The consumption growth con­

straint is binding only between the second and third periods and the 

fifth and sixth periods. 

The total availability of capital and its use are shown in Tables 

5-35 and 5-36. Ibese tables also reflect the relative emphasis of the 

Guidepath-Il Reference Solution on consumer goods rather than capital 

goods. However, the productive capacity in all sectors grows more slowly 

in the Guidepath-II as corapared to the Guidepath-I Reference Solution. 

The idle capacities in the first two periods, before the proportions in 

which capacity is originally available can be adjusted to requirements, 

as shown by the ratios of idle to total capacity in Table S-36, indicate 
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substantial excess in the capital goods sectors and their major suppliers 

and bottlenecks in the consumer goods sectors. In the (uidepath-I
 

Reference Solution idle capacities were eliminated by the second period.
 

Table 5-37 which lists the new capacity by period and sector con­

firms the previous contrasts in the solutions. Agriculture, Housing and 

Food and Clothing account for over fifty per cent of the total capacity 

in all periods whereas in the Guidepath-I Reference Solution their total 

proportion was a third or less except at the very end of the planning period 

when consumption was rising rapidly. The total new capital formation in 

the Guidepath-It Reference Solution varies from 27% to 60% of that of the 

Guidepath-I Reference Solution in corresponding periods. 

Differences among the Guidepath-IT solutions with various constraints
 

are illustrated in Table 5-29. Most of these are quite predictable. The
 

effect of increasing the marginal net savings rate, for example, in
 

solution S-2.0 relieves the savings constraint somewhat and, as a result,
 

the total and final levels of consumption rise. The post-terminal growth
 

requirement of 8% in this solution as compared to 6% in the Guidepath-Il
 

Reference Solution offsets this effect somewhat.
 

The comparative effects of increasing net foreign capital avail­

abilities are not so obvious. It might be thought, for example, that such 

an increase would always benefit most the solution with the tightest 

domestic saving constraint. In fact, however, when the specified net 

foreign capital inflow is doubled over four periods, the value of maximand 

goes up more when the marginal saving4 rate is 30% than in the solution 

in which it is 20%. The higher marginal savings rate permits a greater 

plowback of increments of output into investment which will in turn 
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yield even more consumption in the future. The effect is slightly the 

reverse when the net foreign capital inflow is extended at the same rate 

for six periods. This is because in the last two periods the investment 

emphasis has shifted to the consumer goods sectors. The higher post­

terminal growth rate in the solution with the marginal savings rate of 

30% absorbs a larger amount of the additional foreign exchange. 

S,8 The Guidepost Model Solutions
 

Once a long run guidepath is selected the next step is to check 

its short run feasibility and, if feasible, to determine the year-by­

year allocations necessary to achieve it. This is the task of the Guide­

post Model with year-by-year accounting and gestation lags. Prior to the 

Guidepost solution it cannot be known whether a short run plan using the 

guidepath as a target will do better or worse with respect to the maximand 

than the Guidopath Model over the same years. As pointed out previously 

time aggregation not only provides umwarranted flexibility Nut also creates 

undue rigidity and the net effect cannot be predicted from qualitative 

considerations. 

The Guidepost Model can be used in a variety of ways to test and 

detail a Guidepath solution dependi.ng on what short run constraints and 

targets it is desired to enforce. In the applications to be described, 

since emphasis has been placed on achieving targets, the minimum intra­

plan consumption growth rates are reduced to 2.5% per year. When the 

targets are taken from a Guidepath-TI solution, the savings constraints 

of that solution are also enforced. The capital stock targets and post­

terminal conditions are interpolated from a Guidepath solution. In order 

http:dependi.ng
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to fit the Guidepath results most conveniently the planning period is set
 

at six years.
 

The third period capital stocks in the Guidepath Model solutions
 

correspond to the stocks in the period covering 1972-73, 1973-74 and 

'1974-75o This capital stock is taken to be the target capital stock in 

the Guidepost tiodel for the year 1973-74 which is the eighth year starting 

from 1966-67. The capital stocks for the seventh and the ninth years are 

projected from the initial stocks of 1966-67 and the growth rates implied 

by the eighth year targets. In projecting the targets for Incremental 

Agriculture, whose initial capacity is zero, the growth rate between the
 

third and fourth period in the Guidepath solution is used. To project 

the initial capital in process, however, the intra-plan growth rates of 

the Fourth Plan Target Model solutions are used. This establishes com­

parability with the initial conditions of the Target and Transit Model
 

solutions for the Fourth Plan period as well as the Guidepath solution.
 

Thus the maximum potential capacity in the second year of a Guidepost
 

solution, 1967-68, is the same as tho cnpacity in the first three year 

period, 1966-69, of the corresponding Guidepath solution,
 

The Guidepost Model has little freedom or scope for choice left
 

to it. As in the Target Model the initial conditions determine the 

maximum capital stocks for the first three years and the terminal con­

ditions determine these stocks for the last three years of the Guidepost 

plan period. The minimum consumption level for the first year is set and, 

while the solution can do better it is not allowed to do worse than 

stipulated. If the Guidepost solution is feasible its general character 

is, therefore, predetermined by the Guidepath solution on which it is based 

and will contain no surprises. 
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Solutions are feasible for the Guidepost Model corresponding to 

the Guidepath Model solutions G-10.0, G-12.0. However, the Guidepost 

solution corresponding to Guidepath solution S-1.0 is infeasible.. The 

maximum, marginal net savings rate of 0.20 in this case is too low to 

allot completion of the initially endowed capital in process in the
 

Guidepost solution whereas in the Guidepath solution the initial capital 

capacity endowment already embodies the completed capital in process. 

When the marginal savings rate in the first two years is allowed to rise 
1 

to 24% and 22%, the Guidepost solution P-3 is found, Alternatively, 

corresponding solutions could have been found by proportional reductions 

in the targets or by relaxing the consumption growth or other constraints. 

Tables 5-38, 5-39 and 5-40 present the annual national income accounts 

for these Guidepost solutions P-1, P-2 and P-3, respectively. 

In the Guidepost solutions as in other cases the rate of growth 

of national product is neither a simple, linear nor an exponential function, 

ilowver, if such a pattern were desired, to provide for smooth growth in 

employment for example, it could be imposed as a constr.iAnt though re.­

laxation of some other constraint might ho necessary to achieve the 

guidepath, The savings and investment rates of the corrb,;pondiif, Guide-, 

path and Guidepost solutions are more or less the same over comparable 

periods as are the sectoral resource allocations which lie b1hind the 

aggregate results. 

1 Even then not all the initial capital in process that could have 
matured in the third year are completed, and solution P-3 has lower 
initial capacities than would correspond to S-1.0.
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Table 5-41 summarizes some of the major aspects of the Guidepost
 

and corresponding Guidepath solutions, As theshown in this table, 

Guidepost solutions for targets taken from the two Guidepath-! solutions
 

perform better, in terms of the consumption produced, than the Guidepath 

solutions themselves over the same period. However, the differences are 

slight and, in these two cases, the time aggregation in the Guidepath
 

models does not seem to have significant effects, That was not the case
 

with the Guidepath-TI solution but this can be ascribed to inconsistencies 

in the implied marginal savings rates necessary to complete the assumed 

initial capital in process and the constrained savings rate of the Guide­

post solution. 

5.9 Comparison of the Guidepath Solutions and the Fourth Plan Target 

Model Solutions
 

Since the capital stocks generated by a Guidepath Model solution
 

for its early years are consistent with an explicit optimum long run
 

growth path, it is interesting to compare these stocks with those called
 

for by the adjusted Fourth Plan targets. Table 5-42 presents capital
 

stocks for 1971-72 interpolated from several Guidepath solutions and the
 

adjusted Fourth Plan target stocks. 1 
With similar capital coefficients
 

the Guidepath-I solution generates higher capital stocks than the Guide­

path-Il solutions in all but the three major consumer goods sectors,
 

1 The adjusted Fourth Plan capital stocks in Agriculture are further
adjusted to provide the same output capacities as would be provided if
the two activities of the Guidepath Model had been used. The adjustment

adds Rs. 2306 crores to the capital stock in this sector. In Transport

output target is multiplied by its long term capital output ratio,
 
4329, of the Guidepath models.
 



The total
Agriculture, Food and Clothing and Leather, and Housing. 


capital stock of Guidepath-I solution G-10.0 is 17% larger than that of
 

Guidepath-II.solution S-l.0 in which the marginal savings rate is 20.0%.
 

In solution G-12.0 in which the capital-output ratio of modern agriculture
 

is raised from 2,5 to 4.0, the capital stock in that sector is higher
 

then in the Guidepath-II solutions but its effective productive capacity
 

is lower. The differences in the sectoral stocks in the Guidepath-I and
 

11 solutions are most striking in Mining and Metals and Equipment where
 

they are close to 100% and in Construction where the difference is about
 

60%. 

The size and composition of the extrapolated Fourth Plan target
 

stocks correspond more closely to those of the Guidepath-I solutions
 

than to stocks generated by the Guidepath-1I solutions. The correspondence
 

is far from exact, however. In Mining and Metals the Target Stock is about
 

74% of that of the Guidepath-I solutions though about 60% more than that
 

of the Guidepath-II solutions. In the Equipment sector the Target and
 

Guidepath-I stocks are similar as they are also in Agriculture, Food and
 

Clothing, Transportation, Construction and Housing. In the other sectors
 

the Target stocks are moderately to substantially higher than those of
 

the Guidepath-I solutions and the difference in Chemicals is particularly
 

striking. The overall levels of the adjusted Target stocks are roughly
 

comparable to those of the Guidepath-I solutions, though the sectoral
 

are
compositions are somewhat different. The adjusted Target stocks 


higher than those of the Guidepath-Il solutions except in Housing and
 

Agriculture. The overall difference is about 20%.
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The sectoral proportions of capital stocks are also shown in 

Table S-42. Comparing the Guidepath-I and II solutions with similar 

capital-output ratios it is clear that the (uidepath-II solution with 

higher marginal savings rate of 30% resembles the Guidepath-I solution 

slightly more than the solution in which the marginal savings rate is 

20%. It 'isunderstandable that this should be so since the savings 

requirements of the Guidepath-I solutions are much higher than in either 

of the Guidepath-II solutions. The greater relative emphasis on consumer 

goods in the Guidepath-II solutions leads to a higher proportion of 

capital stock in Chemicals than in the Guidepath-I solutions to supply
 

tH'input requirements of Agriculture., The proportions of total stock
 

in Electricity show an unexpected constancy. In general the higher the
 

rate of savings in the solutions, the higher is the proportion of capital 

stock in the capital goods producing sectors and their major suppliers. 



COAPTER 6
 

S I IARY AND CONCLUSIONS
 

Infinite learning does not aid
 
To virtue those who are afraid;
 
As men with lamps no sooner find
 
Lost objects, if those men are blind.
 

-- The Panchatantra 
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The objective of this study has been to develop and test models 

for understanding and planning the sectoral and temporal allocation of 

resources for economic development. The analytical technique of the
 

models is that of linear programming and it is used in the context of the
 

theory of capital accumulation and growth. Like all such models they are 

simplifications of reality in their theoretical structure, their empirical 

descriptions and their development criteria. The models are applied to 

India in order to examine the implications of the Third Five Year Plan 

and a proposed Fourth Five Year Plan. They are also used with Indian
 

data to generate long-term plans extending up to thirty years and to con­

struct short-term plans consistent with the long-term plans, Since our 

purpose has been that of a pilot study we have not elaborated all the 

features which could be provided in the models. The most obvious example 

is in the limited number of sectors with which the solutions are performed. 

Increasing the sectoral detail is a straightforward operation, however.
 

Likewise we have provided for technical change only in the agricultural 

sector, though the treatment can be generalized. Although it has not 

been our primary goal to generate currently applicable policy recommenda­

tions, it has been our conviction that the test of models is in their 

actual confrontation with practical problems and we have tried in a modest 

way to do that, 

Three types of judgments emerge from the models and their solutions: 

(1) observations on laidian plans, 

(2) judgments as to model building techniques and the 

relative merits of alternative model formulations
 

as a basis for making economic policy, and
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(3) insights into the characteristics of economic growth. 

In this final chapter we shall summarize the results of the previous 

chapters and make observations in all three areas.. 

6, 1 Observations on Indian Plans 

The model solutions provide the basis for judgments about the
 

Indian economy but the judgments must remain tentative because of in­

adequacies in the models' structure as well as limitations of data. Some
 

of the structural inadequacies such as the fixed composition of consumption
 

and fixed technical coefficients are less severe for the short than for the
 

long run. Other inadequacies of the analytical framework are more important
 

in the short than long run. Likewise, long and short run results have
 

different degrees of sensitivity to various data estimates. Urrors in
 

the estimates of initial endowments, for example, which may create bottle­

necks will have a profound influence on a five year plan but relatively
 

little influence on the general outlines of policy contained in a thirty
 

year plan. The alternative solutions of the Target Models for the Third
 

and Fourth Plans which indicate the sensitivity of the results to changes
 

in various exogenously specified quantities and parameters also demonstrate
 

the difficulty of drawing unequivocal conclusions from the solutions.
 

As should be the case for five year targets the justifications of
 

the Indian plans have been couched in long run terms. The Target Model
 

cannot and is not intended to examine the long term rationale of the
 

plans but only to investigate the implications for the plan period itself
 

of exogenously stipulated targets. Analysis of the short run implications
 

of such targets does not require a long term model. Resources cannot be
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transferred from the future to the present and short plans which are in­

feasible due to lack of resources do not become feasible in a long term 

analysis. If solutions cannot be found with the plan targets imposed 

then that indicates technical infeasibility with the assumed parameters, 

constraints and model structure. The result can be changed by modifying 

the assumptions so the issue of feasibility comes always to hinge on a 

judgment as to whether the parameters and allocations which are necessary
 

for success will in fact be achieved. The difficulties which we have
 

stressed in basing judgments on evidence from the models' solutions are
 

not a special feature of the models but are intrinsic to the problems. The
 

models only force a greater awareness of alternative possibilities by being
 

more comprehensive and explicit as compared to less detailed models whose
 

structure permits a greater degree of ambiguity. Yet many of the quali­

fications of the present study which are necessary because of our dependence 

on secondary data sources could be overcome in India, at least, where the 

potential exists for better and more comprehensive statistics. 

6.1.1 Third Five Year Plan 

(a) Analysis of the Third Plan with the Target Model indicates that 

its targets were technically infeasible in the sense that no solution is 

possible for these targets using the Reference Set of coefficients and 

parameters which we believe to be at least moderately optimistic. Only with 

a more optimistic set, i.e. with improved efficiency in implementation re­

flected in shorter gestation lags, and with lower capital and inventory co­

efficients, is a feasible solution obtainad. This solution, however, does 

provide 
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consumption levels which are close to those projected by the Third Plan 

itself. 

(b) The investment and domestic savings requirements in the Target 

solutions which are obtained are substantially higher than those projected 

in the Third Plan itself. This remains true even when the targets in all 

sectors are reduced by 4% and solutions are found using the Reference Set 

of parameters. However, the investment requirements estimated by the 

Target Model for a set of targets projected as the "likely achievements" 

for 1965-66 are also higher than the projected actual investment levels 

for the Third Plan period. Though this last result may be explained in
 

variety of ways, as discussed in Chapter 4, it suggests the possibility
a 


that the Target Model solutions may overestimate the investment require­

ments of the Third Plan. On balance, though the results are not un­

equivocal we believe that they throw doubt on the operational feasibility
 

of the Third Plan targets in the sense that adequate provision was not
 

made in the Plan for investment and domest*.c savings consistent with the
 

targets,
 

This is not a new criticism of the Third Plan but evaluation
 

using the Target Model does not depend on the estimation of a single
 

aggregate capital-output ratio but on many parameters. In a sense the
 

scope for controversy is broadened but it is also more focused because
 

more of the relevant issues are made more explicit. The Third Plan
 

targets in general have not been achieved but that cannot be taken as
 

"proof" that the Target Model implications are correct, Other circum­

stances can account for the shortfalls which have occurred in the Third 

Plan period, and, in fact, most probably did contribute to these shortfalls. 
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Unfavorable weather hampered agricultural production and the hostilities
 

with China and Pakistan undoubtedly forced diversions of domestic capacity
 

and foreign exchange resources from their originally intended uses. Yet
 

it is also true that the savings rates actually achieved in the Third
 

Plan period and projected for the Fourth Plan are substantially less than
 

those which the Target Model indicates as necessary for the fulfillment of
 

the targets. Either the Target Model calculations are wrong or the targets
 

are unachievable with the savings projected in the Plan,
 

6.1.2 Fourth Five Year Plan
 

In this series of tests the Plan targets, themselves, are uncertain 

as they are estimated from an incompletely specified set proposed in 

April o 1964 by the Perspective Planning Division of the Planning Commission. 

They are, therefore, neither official nor nPcessarily the comprehensive 

goals of the PoPoDo itself. The adjustment procedure oxtends the specified 

targets for the organized sector to the unorganized sector. One method 

of adjustment leads to higher torminal stocks than an alternative adjust. 

ment method. The policy issue involved is the extent to Which the unor­

ganized sector wiil want or be allowed to expand to keep pace with the 

organized sector, 

(a)Application of the Target Model to both sets of adjusted
 

targets for the Fourth Plan leads to technically feasible solutions under
 

a wide variety of exogenously specified quantities.
 

(b)On the question of operational feasibility results are even
 

less clear than for the Third Plan but in this case also the Target Model
 

.
solutions raise doubts as to the operational feasibil.ty of the adjusted
 

http:operationalfeasibil.ty


proposed Fourth Plan targets. In most of the solutions, the targets
 

require more investment and domestic saving than were projected. In the 

solution in which the calculated levels of investment and saving are 

more or less equivalent to the proposed levels the adjusted targets
 

embody the lower goals for the unorganized sector and as well require 

particularly optimistic projections of agricultural output and inventory
 

requirements. In addition this lost solution also foresees reductions
 

in growth rates in all the sectors after the Fourth Plan. The latter 

assumption reduces the amount of investment required in the Fourth Plan
 

for the Fifth Plan period. The various alternative calculations and
 

sensitivity tests lead us to conclude that the proposed Fourth Plan Targets
 

as adjusted by us may again be operationally infeasible. The fundamental 

reason for this is finally, relatively simple: the total amount of in­

vestment and, therefore. of domestic savings required by the Plan's
 

adjusted targets as computed in the comprehensive alculations of the 

Target Model is more than that projected in the Plan calculations. The 

Target Model. however, does not indicate exactly how the Indian economy 

would perform in the course of "underachieving." An infii.ite number of 

adjustments are possible and the combination of feasible sec.oral outputs 

which will in fact be produced cannot be foreseen with the modil. That 

depends on the relative success of the different sectors in exercising 

entrepreneurship, mobilizing investment, gaining access to foreign 9xchange 

and so on.
 

(c)The Fourth Plan target solutions indicate that the import 

substitution program is a crucial factor, for unless import requirements 

are reduced foreign exchange shortages set a limit to the overall 
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performance of the economy. This again is hardly a new idea but the 

analysis both relates it to the size and composition of the targets and
 

is more specific. 

(d)The Target Model solutions raise many questions which could
 

not be answered in this study but whose relevance to the outcome of the
 

Plans ismade more clear by the great amount of detail generated by the
 

analysis. Only a few examples will be repeated here. Capacity in the
 

Construction industry is often a bottleneck in the early years of the 

Target Model solutions which indicates the importance of a careful study 

of this sector and its requirements for expansion. The importance of 

foreign exchange allocations is made graphic in the alteinative solutions,
 

The output targets in Mining and Metals often appear low in relation to
 

what is required by other targets and, for this reason as well as its high
 

direct and indirect costs, the solutions often indicate the desirability 

of larger foreign exchange allocations than permitted by the constraints.
 

This again suggests the need for more detailed studies,
 

(e)The Transit Model is a relatively short-sighted model. Since
 

a provision for increasing the groWth rate in the post-terminal future, 

beyond the specified post-terminal growth rate is not made, the emphasis 

on capital goods sector is less in the Transit Model solutions for the 

Fourth Plan period than in the adjusted Plan Targets, Thus the Transit 

Model indicates the effects of a short-run consumption oriented plan. An 

intra-plan growth rate of 5%in consumption is achieved and provision is 

made for at least the same po!t-terminal growth rate. If such growth rates 

in consumption are to be maintained with roughly the existing composition 

and if savings cannot be increased as much as the plans require, the 
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relative proportions of the targets must be adjusted, toward the consumer
 
goods sectors as 
 in the terminal stocks generated by the Transit Model
 

solutions.
 

(f) The short run analysis of the Target Models cannot reveal the 
long run implications of a set of five year plan targets. 
 Similarly the
 
Transit Model is not a satisfactory method for setting targets whose im­

plications will last 
long into the future. These issues require an ex­
pressly long term approach such as embodied in the Cuidepath Models
 

covering eighteen to thirty years. 
No sufficiently explicit long term
 

plans comparable to the Third and Fourth Plan targets were available to
 
us for testing. The solutions to the Guidepath Models are, therefore, 

intended mainly to illustrate how these Models can be used for consistent
 

long and short run policy-making. Nonetheless Indian plans are based
 

on long run objectives and a comparison of the character of the Guidepath
 

Models solutions with the adjusted targets proposed for the Fourth Plan
 

does provide a basis for conjecture about the long term path with which
 
level and


those targets are consistent. The Aectoral composition of the adjusted
 

Fourth Plan targets is more comparable in corresponding years to the level and
 

composition of capacity created in the solutions to the Guidepath-I
 

Model than to the 
 capacity in the Guidepath-II Model. In Guidepath-I
 

Model Reference Solution 
in which the consumption path is smoothed by
 
being constrained to grow at increasing rates the average net savings
 

I The existence of a relationship between the composition of output and
the savings rate must certainly have boon remarked on many times though
perhaps not in the context of a many sector optimal growth model. 
 In the
context of a simpler, two sector model a similar point has been made by
Marvin Frankol, "Producer Goods, Consumer Goods and Acceleration of
Growth," The Economic Journal, LXXI, March, 1961, pp., 1-19.
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rates range from 18.8% to 36.8%. In the Guidepath-II Model solutions 

the marginal net savings rates are constrained to 20% and 30% and the 

average rates never rise above 15.6% and 21.4% respectively. Compared to 

the Fourth Plan targets, however, the Guidepath-I solutions provide much 

more of Mining and Metals capacity and much less of Chemicals capacity. 

This may be the result of a different long term rationale behind the 

targets or of discrepancies in the treatment of import substitution though 

that is to some extent allowed for in the Guidepath Models and imports 

tend to be concentrated in Mining and Metals anyway, 

6.2 	Linear Models and Economic Growth
 

In the Guidepnth Models our paramount objectives are those of
 

developing techniques of generating alternative plan outlines and illus­

trating 	the growth paths which might be achieved under various circum­

stances, 

(a)As is well known. in linear capital growth models with linear 

objective functions, consumption is concentrated at either the beginning 

or the end of the planning period depending on the discount rate and the 

productivity of capital, When consumption is concentrated toward the end 

of the planning periodD in a finite horizon model the precise period in 

which the shift toward higher consumption rates occurs is again a function 

of the discount rnte. 

Though flip-flop behavior remains an underlying tendency 

in the multi-sector Guidepath models it is modulated not only by the con., 

straints imposed specifically for that purpose but also by other essential 

features of the models. The multi-sectoral character of the model with 

different input requirements for each sector and changing sectoral 
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composition of various demands over time is a source of effective non­

linearity. The two activities in Agriculture with a gradual shift to a
 

higher cost activity imposes diminishing returns in this
 

s~ctor° In addition non-linearities are also imposed in the exogenous 

specification of requirements for the export sectors, in the depreciation 

levels and in the projections of foreign capital inflows as well as in
 

changes over time of some of the parameters such as import and inventory
 

coefficients. The result of all these non-linearities is that 
a large proportion of total 

even when/consumption is postponed to the end of the plan period, some 

incresse in consumption also takes place in the earlier years and the 

model does not concentrate its shift to a consumption emphasis within a 

single period. 

(b) The flip-flop behavior is also effectively controlled by 

imposing constraints on the minimum growth rate of consumption in each 

period of the plan, The intra-plan consumption growth constraints when 

binding compel the time path of consumption along a specified path. 

These constraints combined with the post-terminal growth requirements 

can be used to generate different time shapes of consumption,. As a re­

sult of these conditions the flip-flop behavior never takes the extreme
 

form it does in simpler models and, in fact, becomes so controlled that
 

it is often difficult to discover what the tendency is.
 

The demonstration in the alternative Guidepath-I solutions of the 

achievement of a more or less smooth growth path by the use of intra-plan
 

consumption growth requirements in conjunction with the post-terminal 

growth requirements is of methodological interest. Perhaps, of practical 

interest is the fact that the growth rates of gross national product 
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achieved in this way are high by comparison with India's or almost any 

other nations performance. These rates are generated even with diminishing 

returns in the important Agricultural sector, elimination of net foreign 

capital inflows after twelve years and no benefits from external economies 

or technological change. There are, of course, no labor or natural resource 

constraints except the land limitation in Agriculture. Huch of the per­

formance is due to the extraordinarily high savings rates. In an uncon­

strained flip-flop solution everything above minimum consumption would be 

saved for the final payoff, With steadily increasing intra-plan con­

sumption requirements some of the final jackpot is traded for additional
 

consumption in each plan year If the savings rates them,solves are not
 

constrained both increasing intra-plan consumption and the higher post­

terminal consumption growth requirenents can be fulfilled.
 

(c)The Guidepath-I Model was solved in six and ten period versions
 

covering eighteen and thirty years respectively, 11o differences between
 

the versions for the first four pvriods or twlvo years were slight, After 

that the discrepancies were clearly due to the terminal conditions imposed 

on the shorter-term model. This similarity in the early periods is an 

outcome of the imposition of the consumption growth constraints, When 
roughly 

such constraints are used a planning horizon of/twenty years appears to
 

be adequate at least for parametric variations.
 

(d)Solutions to the Guidepost Model performed slightly better in
 

terms of consumption than the solutions of the corresponding Cuidepath
 

Models for which they provide the details of consistent yearly allocations.
 

The effect of time aggregation in these models therefore appears to be
 

small. The result may not be generalized, however, since it depends upon
 

the particular values of the parameters.
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663 Suggestions for Improvements in Models
 

Though not intended to be applicable only to India the models
 

presented are more relevant to that country's circumstances than to
 

many other countries. Even with respect to India a variety of further
 

structural generalizations are possible which would improve their useful­

ness as planning tools. Most of these were not embodied for lack of
 

empirical information or because of the increased computational burden
 

which they would create, For example, one of the most obvious omissions
 

is the complete lack of consideration of labor requirements. They could
 

be computed by use of productivity coefficients as a reasonable approxima­

tion. It is more difficult to find a satisfactory first approximation
 

for the labor supply relations, however. The consistency of manpower
 

plans with the overall plan could be tested by calculations exogenous
 

to the optimizing model. Differentiation of capital by vintages, each with
 

its own input coefficients, would be another improvement in the present
 

structure but it would require separate accounting for the capital of
 

each vintage. With such accounting more freedom could be permitted in
 

the capital gestation process. Depreciation could be made a function of
 
method
 

the existing stock or of output if either/is clearly preferable to its
 

exogenous specification. To take economies of scale into account minimum
 
I
 

investment level constraints can be imposed. Many of these and other
 

more
improvements would be desirable and important in the context of a 


disaggregated system. In such a system some degree of consumption sub­

stitution could be permitted by setting permissible ranges for each sector.
 

1 This can be used only under limited circumstance. In general integer
 
or non-linear programming would be required for this.
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The same device could be used to investigate sectoral comparative
 

advantage for exports. on the savings side, if income distribution data
 

could be used to allocate national income, savings relations appropriate
 

to each income category could be applied. This list of potential improve­

ments in the models' structure serves also to indicate the limitations of
 

the present structure. 

6.4 Growth and Savings 

Since the theoretical structure of the Guidepath Models is an 

extension of existing economic theory rather than an innovation, surprises 
1 

are not to be expected in the qualitativa results. The sectoral and 

temporal detail which the Models' solutions generate do make those re­

sults more graphic and relevant to the debates on growth strategy, These 

debates have many common issues, whether in the context of advanced or 

less-developed, mixed capitalist or socialist economies. They are con­

cerned with relatively abstruse issues such as the "optimum" rate of 
on growth
 

saving and such practical questions as the effects/of a change in the 

marginal savings rate and the best relation between industrialization and 

agricultural expansion0 The answers of the Guidepath Models are by no 

means final as they remain highly simplified versions of reality but they 

do approach practical answers to these and other questions,
 

In the Guidepath-I1 formulation the savings rate is directly con­

trolled by a constraint. This relates marginal savings and, therefore,
 

I The literature on the theory of economic growth is rich in illustra­
tions of single sector models with optimal growth paths having some of 
the properties of the multi-sectoral Guidepath Modelo Ile should par­
ticularly like to cite, however, the paper of Richard Goodwin, "The 
Optimal Growth Path For An Underdeveloped Economy," 7te Economic Journal, 
LXXI, Dec., 1961, pp. 756-774. 
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consumption to net national product in a linear relation. It combines
 

an effective demand condition with the previous supply conditions. In­

creases in net national product from any source, e,,go growth in con­

sumption or investment production lead directly to further increases in
 

consumer demands which must be met. This additional constraint can be
 

viewed as a behavioral relation imposing institutional restraints on
 

policy decisions.
 

Several different marginal savings rats were tried in Guidepath.II 

solutions. starting from the average savings rates achieved in the last 

years of the Third Five Year Plan. The constraints embodying these savings 

rates were always binding even up to a marginal not savings rate of 30% 

Tus, their imposition had a significant effect in reducing the overall 

growth rates achieved as compared to Guidopath-I solutions in which the 

unconstrained marginal net savings rates often exceeded 45.. 

The sectoral allocations of the Guidepath7I1 as compared to the 

Guidepath-I %odel reflect the effects of the oveall savings constraint. 

Both the Guidepath-I and GuidepathAI Molels genervte a long term program 

of structural change in the econony leading to an increasing degree of 

industriali-ation. In the ,uidepath-I versions the change is more 

drastic and concentrates on the capital goods producing sectors and their 

major suppliers. With less savings allowed and consut:.ption related to 

net national product in the Guidepath-1l version, the emphasis in invest­

ment and production shifts away somewhat from the capital goods toward 

the consumption goods industries. 

The overall contrasts between the Guidepath-I and Guidepath-II 

solutions are quite striking and may help explain the different experiences 
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of countries which have during certain periods developed quite rapidly 

under the forced draft of tight controls on domestic consumption and 

those economies which have been tmabe or unwilling to force equally high 

savings rates. The former have emphasized their capital goods sectors, 

neglected relatively the consumer goods sectors nnd achieved high overall 

rates of growth while improvements in the standard of living took place at 

a slower pace ie Guidepath-I Models, however, demonstrate the potentiality 

of both higher consumption p.rowth rates and_ hi.h overall growth rates associ­

ated with relatively high savings rates. The consumntion provided in the 

Guidopath-lI Model solutions in which savings are constrained to lower 

levels very q-ickly falls behind the achievements of most of the Guidepath-I 

solutions, 

Thia choice of a long term growth path depends on individual and 

social preferences and in the Cuidepath Models the savings constraints may 

be used to reflect these preferences as vell a:; institutional limitations 

In this respect the quotation from Alice in V,!onderland with which Evsey 

Bomar began his classic article on oconomic .-rcwth may be recalled,. The 

Red Queen observes that in her country, 

"it takes all the runnin; you can (o 
)lace. If you want to pot soriewhere 

at least twice as fast as that!" 

to keep in 
else, you 

the 
must 

same 
run 

The results achieved with the Guidepath Model solutions, tempt us to add, 

"Up to a certain rate, the faster you run, the easier it will be," That 

the limit rate of savings may be quite high is indicated by the results of 

the Guidepath-I Models, 

The difficulties of rinning fast in terms of saving, which are 

well-known, may he reduced by promises of rapidly growing consumption. 
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But the dangers should not be underestimated of setting targets which
 

are consistent with high savings rates and achieving neither targets nor
 

savings rates or of only achieving the savings rates. The results may
 

well be worse titan if initial ambitions had been more modest.
 


