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PRETFACE

Scholarly books cn 2conomic develepment as well as the proprams
propared by planning conmmissions fraquently begin with admenitions thav the
development process is an intricate iazeraction of many economic, pelitical
and cultural factors  Scholars then procsed by simplifying assumprions to
devzlop both peneral theovies of the growth nrocess and 2xplanntions of
particulay aspects. Practical planners alsn simplify the develuapment nrocans
in making their plans for they, no mexo than acadenic scholars ! Fully onder

[
stand the rrocess or are successful in iutseratinp cheis nartial and incon
plete insights. It is true that actual econopic plans oiten trest many

o

aspecte of development and contailn a great amount of detail Frvepn S0, S
1 ’

plans ars, for the mast part, collectioas of separste proprams vhuse rzal
interactions ara not fully worked cut ond tzken inte acrount in the nal

of policy The inadequacias of the planning nevhods wineh are precticed

ara only partiy due vo ths limitaticns of the doweclopmeat theorie

are available and most dovelopment plans could Lie improved by a moie con
wistont and intensive applicstion ef these thesri NG rove tha d iop
ment of hiph speed computors wade it pescible to arplv theas Thserizs wros
effectively An aworcness of the gap batween the practicze of economic

planning and thie potentislly available Leols was part or “he wspiration
of the prosect which lod te thi: monograph

The ceontral ieswea of owpeall development nelicy and prewth theovy
are the mebalizatvion and opciiun vwse of rescurcss Thesa igsucs e

analyzsd hove by mzans of linear prograwming nedels in which intersectoral

and intorcamporal relaticenships ars wade explicit  These models way be

conniderced as  oxtensions and annlicaticas of the multi.sectoral theories




of capital accumulation and growth and the one or two-sector models which

are now current in growth theory. The modsls are elaborated in several
versions. [Each solution of the models, in maximizing the value of the
objective function and mzeting all the production and behavioral constraints
which are imposed, detormines all the necessary rescurce allocations including
intoersectoral flows and capital formation. 'The sensitivity of the results

to errors in estimation and alteraative policies are investipgated by means

of successive solutions with diffevent values of parameters and exogenous
quantities,

Tho models remain hipghly abstracted versions of a r2al eccnomy in
part because we have not exploited all the potential of modern growth theery
and in part bzcause that theory is still far from bsing realistic. Many of
the complexities of cconomic growth such as external economiss, changes in
foreign treds spacialization and induced innovation ere still not effectively
smbodied in growth theory. Turthermore the informatiocn and computation which
would ba required to imploment much of the theovy place it beyond the possi-
bility of immediate uss. But thers are aspects and versions of growth theory
whost informetion requirsments are hardly greater than thoss of tho planning
methods now being used. The computational wequirements are great but still
within the feasible range of high spoed, digital computers.

While we liave tried to construct a bridge between some areps 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.

We bslieve, however, that even a nodest version cf the type of analysis
presonted can add important insights for economic policy Leyond what has

been available while not subtracting from whataver wisdom can be brought



to bear from cther sources. Morsover, in concrete applicatiems,. ¢he modals
can be both sxtended asnd made more specific depending on the information
available, the detail desired and the computational capacity available,

The project on vhich this monograph is based provides, we believe,
an example of the principle of critical minimum effort which opsrates in
aconomic research orpanization 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 1961-62 in the individual and coopsrative ressarch
of N, Andreatta, R.S. Eckaus and P, 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 Conter, and was a consultant
to the group. 1In this initial stago the adequacy of existing and potential
sources of empirical information was gstablished and alternative theoretical
medol structures wers described. Dr. Ashish Chakravarti, then of the Indian
Statistical Institute. gave invaluable advicz on empirical problems in this
garly phase. Work on the project continued in 1962-63 both in New Delhi and
in Cambridge, tasss  In India James Mirrlecs aand Pev Sevaldson centinued
efforts to improve the smpirical infommation and Sevaldson prepaxed a paysr
describing a linear programming model. In Cambridge Kivit Parikh assurmed
complets responsibility for cowputations and participated with R.S. Eckaus
and Louis Lefeber, who jolaed the project, in dats preparation and model
formulation. TIn 1963-64 S. Chakravarty, whe was then visininpg the M I.T.
Departnent of Economics, resumed his association with the project. By the
end of the 1963-64 acadsmic year whon Chakyavarty and Lefeber left Cambridge

most of the computations on the short-term Target 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;
tOno moment 1ift 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, He 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
analysis1 and have had a considerable amount of practical applicationu2
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.
Morsover, 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, Linsar Programming and Economic Analysis. The models used are
generalizations of that presented in R.S. Eckaus and L, Lefeber, "Capital
Formation: A Theorstical 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 oxample: II.B, Chenery and K.S. Kretchmer, '""Resource Allocation
for Economic Development,* Econometrica, October 1956 and other articles by
Chenery; J, Sandee, A lLong Term Planning Model for India, Calcutta, 1960
and M. Druno, Interdependence, Resources Use and Structural Change in
Israel, Jerusalem, 1962,
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we believe tha analysis generates some new insights into the Indian
economy,

Planning models as snalytical tools provide methods of exercising
foresight and making rational policies. In themselves the models do not
imply any particular ideological cutlook 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
woaknesses of the models could pethaps 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 foreswarnings

of pitfalls which must be avoided in using the models.

1.2 A Reconnaissance of Planning Techniques in Ivdia

The accomplishments of the Indian economy since independence in the
face of an extraordinary numbsr of all but overwhelming difficulties are
remarkable in themselves and especially so in comparison with pre-independence
conditions. 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 Five 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
leadership and the Indian people. The achievements of this offort have
been amply recorded as have been the failures.,1 Here we shall concentrate
on describing the techniques of planning which have been used. \

In the formation of economic policy in India a comprehensive set
of social and sconomic 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
opportunities. Improved education, medical and other welfare facilities
are also proposed in the Plans, Thess 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 private enterprise.

The Indian Plans, which are widely regarded as among the most
sophisticated of the less 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 E.g., J.P. Lowis, 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.

The First Plan was, for the most part, a rather hastily organized
program of government projects. The Second and Third Plans were the object
of more intense preparation as is the case with the prospective Fourth
Plan. The processes which generate the Plans cannot bs entirely clear to
outsiders and we shall draw on the Plans themselves for our summavization
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
generatod by capital accumulation based on domestic saving and foreign
capital. The sources of domestic saving in the household, business and
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 predomirantly in private hands though for
these sectors less detail is provided. lowever, careful plans are made
for a wide variety of government activities designed to assist, stimulate
or regulate private enterprise. For example, there are extensive programs

of government activity in agriculture and in establishing industrial centers.

1 The aggregate analyses implicit in the Third Plan are set out in I.M.D.
Little, "Tax Policy and the Third Plan," in Pricing and Fiscal Policies,
P.N. Rosenstein-Rodan, ed., Cambridge, 1964 and in S. Chakravarty, "The
Mathematical Framework of the Third Five Year Plan," and P.N, Rosenstein-
Rodan, “Alternative Numerical Models of the Third Five Year Plan of India,"
in Capital Formation and Economic Development, P.N. Rosenstein=Rodan, ed.,
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 interralationships and azgregate 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
spocified 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
prominent in a preliminary analysis made for the Fourth Plano1 Demands
are projected for private and governmont 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 sectoral 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
plans. In the Fourth 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 soms sectors, such as agriculture and services, cutput has been
projected by extrapolations for which no detailed explanations are availe
able, Time trend extrapolation may also have been used for some components
both in the sectoral and apgregate calculations.

The 1 itterns of the Indian economy are still evolving, but it secems
from the first three Five Year Plan periods that a ‘mixed economy’ is
emerging. Some sectors such as reil transport and electric power have
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 povernment has attempted to guide the private sector by means
of a variety of direct and indirect controls. Direct controls on investment
and import licensing are pervasive. Output controls exist in some sectors
and are supplemented by extensive price controls. There are also controls
on the use of certain commodities in production. An extensive range of
government activities from community development to government research
laboratories provide assistance and leadership to the economy. In addition
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
whers it does not want to go, however, and it has substantial freedom in
the control of day-to-day activity. The vigorous private entreprenecurship
pvident in India is oloquent 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
generated stimuli. Consumer demands create a set of incentives which

are not necessarily consistent with those required to achieve the targets
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established in the Plans. However, 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 crudit for keeping the changes in price levels to relatively
nodest proportions until racent years.

There has been intensive debate over the Plans in India. The news-
papers and journals of opinion reflect this debate within the government
befors thus Plans are made public and the debate continues in the national
arena afterward. The debate, which itself constitutes consideration of
altornatives, focuses on the size of the plan and the relative omphasis
to by placed on the various sectors. Unfortunately the debate has not
besn well informed with respect to the relationships among these issues
and with respect to the intertemporal distribution of benefits. The view
aprears to have been generally accepted that the bigger the Plans are the
better they are and the controversy has focused on the feasibility of
cartain levels of domestic saving and investment and the requirements for
‘oreign 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 immadiate alleviation of poverty.and future improvement in
the standard of living® can encompass any number of different intertemporal

pattems 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 rsalize
what specific aiternatives are open to them., It is the task of the
planning techuicians to prepare explicit quantitative alternative plans
which provile policy makers with an informed basis for choice.. In India
the process of particularizing economic goals has not been clear and
stralghtforwvard. In this deficiency it should be quickly pointed out,
Indiar planning is not unique. The evidence available suggests that the
investigations of altematives which have been done in India have been
beth in the most highly aggragated 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 ralating
aggregate and sectoral gprowth paths are evident in therPlanso The well.
known analyses of two and four sector models by Professor Mahalanobis did
try to provide a rationale for sectoral allocationsa1 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

providing reliable indications.

1 "The Approach of Operational Research to Planning in India" and "Draft
Plan Frame for the Second Five Year Plan," Sankhya, Vol. XVI, Dec. 1955,
ppn 3'89«

2 For major criticisms see: S. Tsuru, "Some Theoretical Noubts on India's
Plan Prame," Economic Weskly (Annual Number), Vol. V, January 1957;

-t -

Note on Prof. Mahalanobis' Model of Indian Economic Planning,” The Review
of Economics and Statistics, Vol. XLI, Feb., 1959, 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
success. Roughly speaking the output levels projected were achieved in
most sectors. Major projects were started and, while they did not progress
as rapidly as programmed, the Plan as a whole was belisved to have gone
well, Since the First Plan, while there have been great accomplishments,
these have not measured up to what wa§ projected. As compared to the
Second and Third Plans' targets therc 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 foreipn exchange crises due, in part, to special circumstances
in each case. In the Third Five Year Plan period, in particular, the
Chinese invasion, the military engagements with Pakistan and unfavorable
agricultural conditions have placed special burdens on the Indian economy
and its foreipgn exchange position. In general it has been assumed that
the targets were, in fact, feasible. The reasons given for lack of
success include not only the unforeseeable exigencies of weather and in-
croased defense sponding but also inadequacies in implementation which may
mean oither 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 tum
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 are addressed to the problems of determining the optimal
level of savings and investment over time, and the velated 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, Troduction processes in all sectors re-
quire fixed capital and intermediate inputs in fixed proportions and have
constant returns to scale, Many sectors need imports in fixed proportions
as inputs. Imports are also permitted in varying amounts in certain
sectors to supplement domestic production. A balance of payment constraint
must be met each period. Private consumption is a composite commodity and
is consumed in proportions which are fixed in each period. Furthermore
aggregate consumption must increase monotonically with time. Investments
for creating new capacity have to be made up to three years in advance.

In any period stocks of inventories depend on the output of next period.
Fixed capital and foreign exchange are the only scarce factors., Labor supply
{s unlimited. The economy is defined by the following elements:

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

the sum of aggregate consumption in each of the plan periods
discounted by a social discount rate. The solution of the models
achieves the highest value of this function which is consistent with
all the constraints. It should be noted, however, that in a pro-
gramming model goals of economic policy can be stipulated not only
by vhat 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

aggregate consumption grow at a stipulated rate. This rate when
compared to the population growth rate indicates a required rate

of growth in the average standard of living.

(3) A savings constraint 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 bghavioral con-

straint into the models.

(4) Consumption proportions are specified exogenously or may be

varied endogenously by means of consumption-expenditure slastici-

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
intermediate imput, which is determined by use of an input-output
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) Capacity 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 a

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 gstimated exogenously.

(11) Imports are divided into two catepgories. "Non-competitive"
imports are determined by exogenously specified import-output
ratios which may, however, change over time. ''Competitive"
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 uports

in each period not exceed the foreign exchange availability as

determined by exports and the stipulated not foreign capital

inflow,

(13) The 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 rolate 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 groater sectoral detail, and some experiments were made at an eighteen
sector level of disaggregation.

In the Target Model the terminal conditions are taken from targets
for the Third and Fourth Indian Five Year Planso1 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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sectoral growth rates. The model solution is an optimal transition, in
terms of the objective function, to those growth rates. The Transit Model
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

alternative forms in successive periods of three years. This permits the
treatment of those issues which require a long planning horizon for a com-
prehensive analysis. The Guidepath Models also embody techniques for en-
dogenously changing consumption proportions and the shifting from use of
wepaditional™ to "modern” techniques in the important agricultural sector.
The Guidepath-I and Guidepath-I1 versions differ in that an explicit savings
constraint is enforced in the latter model.

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

by year detail for the early years of a long term path obtained from a
solution of the Guidepath Model. It has periods of one year each but other-
wise it has the structure of the Guidepath Models. The terminal targets,
howsver, are obtained from the particular Guidepath solution and are speci-
fied in the manner of the Target Model.

fach of the models is solved for a variety of alternative specifications
of behavioral, technical and policy parameters to determine the sensitivity
of the results to changes in such parameters and to illustrate the range
of policies which the models can analyze. Each solution of a model generates
for sach 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

accounts are compiled to show the overall workings of the economy. In
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addition the solution provides a set of shadow prices corresponding to the
various constraints which indicate the value, in terms of the maximand, of
a marginal adjustment in the constraint. The shadow prices are analogues
of the prices of the real world but must be interpreted with care as they

reflect rigorously the particular structure of the model.

1.4 Preliminary Evaluation of the Models' Structure

Many of the inadequacies of the planmning models to be presented must
alrsady be obvious zand others will become apparent as the detailed presenta-
tion procseds. Though final evaluation must wait until the last chapter a
brisf survey of the limitations of the approach will help put the unwary
reader on guard and aid in understanding the character of the results.

Although economic planning in practice has many different goals, con-
sumption is the only criterion in the objective function of the models. Some
additional social goals are introduced and still others could be introduced
as linear :onstraints., The linearity of the objective function, i.e.,
tho assurption of a constant marginal utility of consumption is a serious
limitation as it has a major influence on the intertemporal distribution of
consunption and investment, Yet, though the objective function is linear,
the sonstraints which specify a minimum consumption growth rate and thosse
which rolate savings and net national product have an effect on the solution
similar to non-linearities in the objective function. With suitable specifica-
tion of these constraints any desired time path of consumption which is
feasible can be obtained, We believe that the prosent formulation has the
advanzage that the significance of the constraints is more readily apparent
and meaningful to planners than is the slope of a social consumption-utility

furction,
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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 elasticitiss. The only
moans of adjusting sectoral demonds for consumption thus bhecomes 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 ""forasee" and avoid such situations. On the other hand, the high degree
of aggrogation 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 frce, 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 relationshins 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. Morsover general considerations suggest that the types of expertise
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vhich are most likely to bs bottlenecks, i.e. those of foremen and managers,
are most difficult to quantify.

The production functions in the models are homogenous of the first
degree, i.e. show absolutely constant returns to scale, and have fixed
input~coefficients so that there is no provision for increasing or decreasing
retums to scale, 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
oconomiss or diseconomies. These are extrems assumptions for a development
model and cannot be juseified but are used for lack of data to do otherwise.
At the high level of agpregation of elcven sectors substitution among the
outputs of different soctors may be unimportant but changes in the retums
to scale which, with one exception, are not pormitted, could be significant,
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 tochnique 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 extexnalities.

In view of the importance given to changing techniques and extermali-
tios in tho growth of less 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. 1If, 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
axtent.l 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
thay 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 depree of variability depending
in part on the yelative 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. Nepreciation is exogenous to the model and not a
function of the intensity of use of capital. To some 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
soctoral apgragation is too gross to provide a dotailed basis for analyzing
import substitution problens,

An issue vwhich 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 techniquas. The answer is surely different for different
countries and few generalizations on this issue are possible. llowever, the

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

1 Developments in integer programming techniques which can be adapted to
handla increasing returns are promising as are experiments with iterative
procedures of various sorts combining integer and conventional linear pro-
gramming.
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torra incopnita is unwarranted. There are some enclaves, the "modern

sectors" usually, which may be relatively well-known even as compared to the
more adv.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 countriec. 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 iist production information which will be used in making de-
cisions, 1In addition, there may be price control procedures such as those
of the Indian Tariff Commission which produce valuable data. For some com-
modities there are direct controls on use which generate a mass of detail
in the 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 c.asus
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.
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in the models presented here all secuvors are treated as if data of
equal quality were available, This was done partly to develop a general
technique and partly bocause the significance of errors in specification
could be explored by testing the sensitivity of the solutions to changes in
parameters, but mainly because of ignorances about the reliability of data

(¢t mipht, however, be noted that lsss formal planning nrocedures often
maks no smaller claims for data if they are to La used for the same purposes
as the models presented here. On the other hand it is possible to use the
models flexibly and integrate less formal procedures for some sectors with
the more riporous procedurss for othey sectcrs

Given the major drawbacke which have boen Jdescribed what then can ne
the justification of the models? It is we belicve simply that no other wmethod
of which we know dose as wall in providing a consistent analyvsis nf inter
tamporal and intersertoral yelationships and econcnic noals . Whatever che
weans of implementation, decisions will have to be made of whether to start
another steel plant next vear, or build wore power facilities or allocate
foreign exchanpe to importing mining equipment, and so on These decisiens
should be coordinated with al) the sectoral development plans and the natienal
poals We beliove the models indicate how this cen be done in a manner which
is an improvement over existing techniques

Morzover, there arg likely to be some impoctant by products associatad
with ihe techniques presented here  First of all, they make the issues
involved in planning more oxplicit than do informal and partial techniques
For example, the problems involved in sotiting plan targots may be glossed

over in using comparative statics analyses; e g cormodity balances, becauso

theso mothods do not force an explicit and thorough consideration of cthe issves
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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-
natives and the design of planning methods for high-speed computation.
Rather than, as has generally besn 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 ars known. These techniques meke
possible a substantial increase in informed knowledge about alternatives.

The misapprehension identified with the view that "nlans cannot 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 aven though it has usually been explicitly organized in dis-
crete and intensive phases every four to seven yesrs. The quinquennial
debates should not be ailowed 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, howaver, models will always be simplifications of
reality, and not all the relevant considorations 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.
Though the use of the computer can provide much more detailed information
aboui alternative policies than has becn available, the choice of any one

is always up to the policy maker.

1.5 Outline of Chapters

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
Indian Third and Fourth Five Year Plans. In Chapter Five the Guidepath and
Guidepost models will be presented and alternative long term growth paths
generated. Chapter Six will be a brief summary and evaluation of the

methods and results.



CHAPTER 2
THE TARGET MODEL AND THE TRANSIT MODEL

Since verbal science has no final end,

Since 1life is short, and obstacles impend,
Let central facts bz 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 woll known,
the description of the models’ analytic framework can be relatively
brief with attention concentrated on issuss ralated to the particular
applications. First the structure which is common to both ths modols
is prasented and discussed. This consists of the behaviozal and
structural constraints snd is called the Basi: Modsl. Then the torminal
conditions which distinguish each of the gpacific models are described.
Finally & general appraisal is made of the analytical formulation of
the modsls and of alternative formulations,

‘fable 2-1 prossuts a 1ist of symbols vhich are used. The meanings
of the symbols ars repeated when thoy sre first used. Capital letters

are used far varisbles and small letters arc used foy parameters.

2.1 The Basic Model

The Basic Modol defines sn economy with the following character-
istics:
(1) Production processss in all sectors roquire firod
capital end intermediste inputs in exogenously
specified fixzed proportions to output and have
constant returns to scale.
(2) Most sectors roquira imports in exogenously fixed
proportions to output.
(3) Additional imports are also permitted in certain
sectors to supplement domestic production in amounts

determined e¢ndogenously within specified ceilings.
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Tabla 2-1
List of Symbols

NDimens®©ns for
n sectoys, k activities

; : 1 o :
List of Varizbles and Paramaters I' pericds
A(t) net foreign capital inflov in period 49
a(t) . matrix of inter-industry currcat flow coef

ficients appropriate to period t ook
b{t) diagonal matriz of capital output ratios k x Kk
c(t) . column vector,each terxm of which indicaves the
proportion of the sector’s output in total
consumption n
Cit) - aggregate consumption in each periocd T
D(L) a vector of the amount of fixed capital (com-
ponants)in each sector which is comnictely
dapreciatod in period € k
d . a diagonal macrix which transf@orms depreciation
into capacity immobilized, each of whose terms
.'" ri . Tz . Tooait
; : i nj t =
dj. is the maximum of kh_.g_ - o , 3 f : k x Kk
3 :
o n .
F‘-j | ?J i nj

Che r’s and p's are sxplained bolow)

E{t) a column vector of exporzs by each sector n
F(t) - a column vector of deliveries by e¢ach szcetor
for private consunption purposss n
G(t) - a column vector of deliverics vy each sector for
government conzumption N
Hit) - column veactor of delivoriss by each sector for
inventory accumulation n
1 - identity matrix nxnorkxk
1 Variables capital letters

Parameters - small leotters




DirernsionSiar

: nocweztors; k activiiies
List of Variables and Porametars T veviols
J7E) - column vesioy ¢ svids of o ot
i!il"“t.‘i -i!_." Cpeh n
kot) cotwm vei Loy af fixed capital capacity in cuch

sactor
M{1) . column veclor of total imports A
M) - golumn vectoy of Ynon compotifive” dapores k
m’ diagonal matrix of impert co

luting pon-zompetitive Inpo:

cuipni LR

M (%) . colum vector of “compuuitive' imporis n

m' _eolumn vestor af cocfiiciants indicatiag in each sector
mexinum uzd of Jtoredgn wrchango noailebile
after compal ¥4 i
brea satisfied

-3

n - pnumber of zectors

N{t) . column vector of delivesiv: by obch socter of
investment poods for new capital formation

N invastment I eanital
Tna slamunts tha
?3“ n A 1

proportions of Fixed capital in sectel )
p™" supplied by seclor 1 for ner capacity 1, 2, or
3 pariads ahead, vespactively

P capital composition wmatrix sach clencat of which

i3 the =um E:p%

and YTp., ¢ 1.0 nx k
’ .
x 1

i

L

i

L) . column vactor of delivaries hy sach secter to
restoys dopreciated capacity n
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Table 21 (continued)

Diwension for
i sectors, k activitics
T periods

1
tist of Variables and Parametors

[X-a(T)=(b(T)p* (T)+S5(V)= - b{T)p" (M) (1+ )7

M
“p(Mp"™ (1’){14-4.}271)' forml nf,8,%, E0r_u nxn
R{t) - a vector of deprocisted capital capacities 5
which aro vastorad 3
T! matrices of coefficients zach of which inQi-
_ cates the proporticn of deprecisted copacity -
s . in each scctor j supplied by the sector 1 f?r n x
vostorad capacity in peried t }, t_Za or t-3,
P rospectively, to become affoctive in poviod ¢
'y - depraciztion composition matrix ench Pgﬁnanr o
cof which is Dij/D , where Dij is the i*" type of nak
capital depreciated in sector j .
3 nakrix of invantory CQG??iﬂ%ihTi ua?h of element siJ of
which indicates the doliverier for inventory
puvposes by sexter i to sector ! par unit
of ndditicnal oufput in secioy j noxk
T « length of the plan in periods
. £imo, in puriods
u = unit row vector [1, 1, 1, ..., 1] 1 xn
V(t) ~ a column vector of capacities which are lost in
vach 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 1
W - social discount rate applied to agpregate
private consumption 1
X(t) -~ column vector of gross domestic outputs k
2(t) - colum vector of new additions to fixed capital
capacity in each sector K
[ 4 = post-terminal pgrowth rate for consumption 1

8 « post-terminal growth rate for depreciation 1 ’




Table 2-1 (zontinued)

4 . . . i
List of Variecbles end Paremetors

i R i

post-termianl grewth rate for poverumeat
post-teminal growth rate fov 2xports
posgt. Toxminal prowth vate for inpores

minimui rate of growth of oggropute con
sumption C(R) ovex C(t. 1)

diaponsl matzix o/ prowth rates u
lating inventory investnsai in fi
and nazirua new invastmant in sec

:
pavicds

sed in calcu-
r3% poriod
end and Tthivd

diagonal matrix of pgrowth yuiss Ls€e in celcu-
lating terminal capital requirements

Dinwensiois for

n sectors, k activitioes

T periods

1

k x k
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(4) A balance of payments constraint must be met in
each pericd which limits total imports to the total
amount of oxports and not foreign capital inflow in
that peried.

(5) Private consumption is a composite commodity vhose
sactoral proportions nrs fixed excgencusly. Further-
more, congumpticn is required to increase mono-
tonicelly in succeasive poricds at specified rates.

(6) In ordor to creete new cspacity invesiment has to be
made in tho periods immsdiatcly preceding that in
which the new cepacity becones eveilable zs deters
mined by a fixed gestatien process which varvies
among ssctsss but can ba as long &s throe periods,

(?) In cach paried investment in invoentoriss i gach
sector is linsarly relacod to the change in output
to be roelized in the nuxt pericd,

(8) Fixod caplital starks ond foreign exchenge ave the
only scarce fectors. Labor and vaw materials are

nosumpd to be adoquste end exoguacus o ths medels.

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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Teble 2:2

The Target and the Transit Models

(1) Objective function

(2)

(3)

(4]

(1.0) Maximize W - 2_ —.

Subiect to:
Consumption grewih constrainis
(2 0) C{t-1) 2 (e 2{1y)C{2} ,
(2.1} Indtlul consumption

CLoy « CY0Y,

Distribution wlocions

(3 GY J{e)alv)aN(2) 204 e+ FLu) oGy on(x) = M(t)2X(t),

L83 Inteamedians pyvoduris
J{t) « a{2)pX e,
(3.2) faventeory vpuiTenents
€3 200 H(E) » 2ty LX(Rel)-X(W)F,
(3.21; B(L) » o3y {£{2) (22 X(W}T,
(3.1) Privete conzumpifon
() o)),
(% 4) CGovepuning nonsumpiion
G{t) = dtt),
(3.5} Exporis
F(t) = E-{?-_}n
Caprcity rastraints

(4 0) bL)X(t) £ X(t),

for

for

for

for

for t

for

for

for

for

140,

tel,

tnl,

tsl,

t=],

tel,

T1,
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Table 2-2 (continued)

(5) Capital accounting relationships

(5.0) Investment requirements
N(t) = p'Z(tel) & p"Z(t+2) + p'"'Z(t+3)»
(5.1) Depreciated capital
D(t) = N(t),
(5.2) Depreciated capacity
V(t) = di(t),
(5.3) Restoration requirements
(t) = r'd"ln(t) + T"tflk(t+l) + r"'d'ln(t»z),
(5.4) Capital accounting

K(t+l) & K(t) + 2(t+1) + R(t+1) - V(t+l),

(6) Resteration ceilirps

(6.0) R(t) & V(t),

(7) Balance of payments constraints

(8)

(7.0) un(t) € A(t) « uF(t),
Imports
(8.0) Tmport composition
M(t) = ‘PP (t) + (),
(8.1) Nen-competitive imports
ME(E) = (L) X(Y),
(8.2) Competitive import ceilings

M(e) € et(e) [R(E) ¢+ uE(L) - uMH(D)],

for

for

for

for

for

for

for

for

for

t=2, ..

t=1,

t=1,

t=2, .

t=1,

t=1,

t=1, .

tal,

T

T"‘S.

T+2.

T+l
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Table 2.2 (continued)
(9) Initial capital in procass restraints
(9.0) K(1) = b(1) (I+0yX(0),
(9.10) 2(2) + R(2) & oK(1) + V(2),
(9.11) Z(3) + N(3) ¢ O'b(l#o%)}((]) + V(3),
(10) Terminal requirements in general

(10.01) K(T+1) 2 K{T+ D)

\

4

(10.02) K(T+2) = ¥(1+

T
—t
-»

(10 03) K(T+2) = ¥(T+3),

(10 1) s(TYX(T+1) = X (T+ D)

(11) 'TARGET MODEL' specification of terminal requirementss
Terminal capitnl stocks
(11.02) K(T+2) = h(T) (no;._)zivf("ﬁ,
(11.03) K(T+3) Z h(T) (I+X) 35&"('?).
Terminal inventories
(11.1)  s(TX(T+1) zs("r)(l»{);)if‘ﬂ,

(12) "TRANSIT HODEL' specification of rerrincnl requi renentse
Post-terminal prowth ratzs of depande and ivmorls

(2 01y B4 = FOD (e, )

34

(12 02) G(1) -

A}
D
~
~3
Nt
~
-
4
<
—

(12.03) E(r) = B (11 €77, (L for t >T
(12 047 (1) = BB (18", \
(12 05) ML) - f.q(-r)(vi‘,l'“)t 'r' )

which implies
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Table 2.2 (continuead)
(12.1)  X(t) = a(TIX(t) + (s(T) + b(T)p") [X(t+1)-X (1) ]
+ b(T)p" (X{v+2)-X(t+1) ]
v b(TIp™ [X(t+3)-X(t+2)]
s B em T e T e Nt D s )5

R T T TR R G TS I for t ST,

Solution of (12.1)

(T-alT) (b (T)p o (FI BT (L) b (D) (1 2p) " e (o &7
.

(13.0)  X(t)

"

fLarD~w(ﬂn"w(nw4mﬂv"u+wxv«TNW'm+nzxx‘Fﬁﬁm+m“

4

+*

2 -
[1-a(T)-(b(TIp e s (TR L(TIP"(3+E)€ LT (1+€) €] IR (1+6)

[1-a(T) - (b(T)p'+5(TI§ BT, “(1+8)5 binp™ (1+8) st” T

+

o .
(1 a(T) ~(b(TY "5 (Tha- b (TIp" (Tl b (TI0" (Toms 2ud gmy (103 ',

Y

for t=Ts1, Te2, T3,
Pefine
Qg @ [1-2(T) (B(TIp'+s(Tm-b(TIp"(Lady h(TI™ (1r9) ],
forrn= 0, 5,€,5, .«
Then from (13,0)
Terminal capital stocks:

(14 0) K() = h('l‘)q;;l renc1em T

s b(T)q; FD (T

+

b(ma;! BT 1egt "

-

by B (108

H

l)(T)Q:q] f-i('[‘)(]«-/«)t"T, fFor t=sT+l, T+2, Te3
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Table 2-2 (continued)
Terminal inventories

(14.1) s{T)X(T+1)

it

5(1)q;l F(T)(1+8)
+ s(May &0 (103)
v s, D140
+ sf’uq;l D(T) (1+8)

) S(T)q;? MOT) (Taatd
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2.1.1 0Objective Function

The objective function which we maximize is the present discounted
value of consumption, I, over the planning period T

T e

1 = AL
(1 W Z ot

where C(t) is apgregate consunmption in period t and w is the social dis-
count rate applied to future private consumption.

The goals of economic policy are defined in a programming model not
only by what is chosen to be maximized, i.e. by the content of the objective
function, but also by the content of the constraints, The multiplicity of
economic goals which characterizes the real world of policy making can be
described by a modzl whose objective function embodies only one criterion
with other poals entering via the wodel's constraints. Alternatively, it
would be possible to incorporate the content of the constraints in the
objective function with suitable waights, The one or other appvoach is,
to some extent, dictated by thaz character of the goals. VWhen the poals
are naturally formulated as inequalities it is most convenient 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 arve applied in most solutions which require the monotonic

growth of agpregate consumpticn between successive periods; i.e.

(2) C(t+1) = C(t) [l*P(t)] ’ for t=0, ..., T-l
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where fo(t) is the prescfibed minimum growth rate for aggregate private
consumption in period t. 7his constraint permits parametric investigation
of policy decisions as tn the minimum intra-plan growth rates of consumption.
In most cases by settirg Cf35 to zero the constraint is made redundant in
the first period in rrder to help insure the achievement of a solution when
there are grounds for believing that otherwise no feasible solution would
exist., This lat<er procedure permits the model to choose the level of
consunption in the first period, though it remains constrained subsequently
to achievinp at least ﬁhzinimum growth rate. There is no reason why in the
absence of such constraints the modcl solutions would penerate monotonic
growth, rather finding it preferable to choosc some other pattern,

In the absence cf diminishing marginal utility of aggrepate con-
sump:ion the model wouid show the characteristic flip~flop tendency of
ths solutions of such linear models to concentrats the output of consumption
roods either at the beginning or at the end of the planning puriod. The
consunption growth constraints counter the tendency to concentraie con-
sumption at the beginning, since increasing consumption in the early plan
periods would only force still higher coasuaption in the later plan periods.
On the other hand, if the solution tended snyway to concentrate consumption
in the later plan periods, that behavior would not be restrained by the

constraints on the pgrowth 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 consumption is con-
strained to minimum values. Texrminzl conditions can he set in such a way
that they may also moderate the tendency to crowd consumption into the

final plan years. Therefore, although a non-linear utility function
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reflecting diminishing marginal utility of aggregate consumption would be
preferable on theoretical and amalytical groumds te the simpls objective
function chosen, suitable constraints can achieve some of the same effects.,1
By %ﬁ?ear approximations a non-linear utility function could be introduced
but Arould impose somewhnt greater computational burdens. FEven if these
could be borne in a mive ambitious schomz, the fundamgatal difficulty still
would remain of making roasonable estimeios of the utility function. Solu-
tions, norcover, ave 1likely to be sensitive to ths cate at which marginal
utility declines. OFf course, the approach couid be mlapted on this issue
as in other similar cases of suporiwenting with varicus utility functions
and then offering the results as @ wmenu of altevnatives.

Asswmption of an arbitrary utility function would not be any more
satisfactory than the linear chjective function, The coofficients of
an arbitrary functicn most likely would be derived fyom an assumed desirable
intevtemporal distribution of corsumzion, in which case it is as well 2o
use the Iinear objective Functioa and vo speecify the distribution of cone
sumption directly. Furthewmors, such constraints may have a clsoarer and
straightforwaxd connotation to planners than the rate at vhich social

marginal utility diminishes,

1 The use of a linesar objoctive function in place of the non<lineaxr
objective Tuncticn has o bz explainsed sinee optimizing a linear objective
function loads to & point on the bounding faasible surfaco, whereas the
trug sptimum may be an interior point in the feasible spacz, llowever

the utilizy funsction of aggvepaiz consumpticn over the plan period is
monetonic in all dimsnsions. TFurthermorz the trug waxinum is outside

the feasible rogion, These two conditions are sufficient to ensure that
the true optimum is oa the feasibility surface,
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2.1,2 Distribution Relations

(3.0) J(t) + 1(r) + H(t) + Q(t) + F(t) + G(t) + E(t) £ M(x) + X(t),
for t=1, ..., T .

These require that the total demand for each commodity in each period not
exceed the availability of that commodity in that period, Fach of these
terms represents a column vector. The first scvau tevnms repTesout uses

of the output of each sector: .I(t), intermadiate imnuts, U(¢), deliveries
for inventory accumulation, N{i}, deliveries of investmanl goods ‘or new
fixed capital, Q(t), deliveries for vesvoriing dsrveciated fixed capiwal,
F(t), private consumption, G(tr), government consumstion and E(t), exports.
The last two teyms, M(t), imports and X(t), dorastic nroduction, sre the

sources of availability of the products.

2.1,5 Intermediate Producls

The intermediate requirements for output in ench period are daters

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

(3.1) J(t) = a(t) X(t), for t=1, ..., T .

The time subscript t of the a{t) motrix indicates that intewmediate require-
ments may chanpe over time. This possibility is actually exnloited only

to a limited degres becsuse of lack of information.

2.1.4 Inventory fccumulation

Inventory accunulation is determined in a set of accelerator-type

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

(3.20) 1(t) = s(t) {X(e+1) ~ x(0)}, for t#2, ..., T .


http:accunulat.on
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(3.21) (1) = s(1) {X(2) - (1+0) X0} .

Thus, deliveries in period t for inventory are a function of the
forward differance of output {X(t+1) - X(t)}. This may be slightly prefer-
able to making current deliveries for inventory purposes depend on the
backward difference in output, i.e. {X(t) - X(t—lﬁﬂnﬂ:it might be even
better to have combinad both formulations. Production for inventory in
the first period 11{1) is based on the difference between output levels in
the second period and anticipatad output levals in the first peried. With
ot the vectonr rf anticipated sectoral growth rates and X(0) the pre-plan
year output levels, s(l)(l+C§)Yf5§ gives total stocks of inventories at

the boginning of the plan,

2,1.5 Private Consunption

The voctor F(t) o’ deliveries to private consumption is related
te agpropate consumption, C(t), by a coefficient vector c(t) which define

the proportions of sectoral consumption in the agpregate,

(3.3) L) = c(0)C{Y), t2l, ..., T,

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

and so 3~ ¢;(t) = 1. The specification of C(t) thus fixes the composition
iel ‘

of aggrepate consumption in period t. Sincs substantial variability in

the composition is unliksly in the short run, in the solutions of the

Tarpet and the Transit Models e(t) is kept constant for ail the pariods

of the plan. At low levels of income and under the stillhpowerful influence

of tradition there is relatively little substitution, particularly among
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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 incowme

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 chanpe substantially within five years.
It would be particularly mistsken 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 consumtion pro-
portions is mot meant to be a permanent commitment. The proportions can be
changed exogenouslv from solution to solution to study the effects of
alternative compesitions.

The sectoral proportions of consumption are determined by consumption-
expenditure elasticities in the Guidepath and Guidepost tlodels, The latter
modification could easily be introduced in the Target and Transit Hodels
as well and was nor wainly becauvse it would have little effect on the
poneral choracter of the solutions. MNeither formulation really satisfies
the goal of making the consumption composition responsive to relative
prices and, thus, to volative scarcities, With additional computational
requirements the consumption proportions could themselves be allowed to
vary within specifisd limits and the optimizing mechanism would then choose
the set of limits which permitted the greatest total of consumption goods
to be produced. Or only the mininum ameunts 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 excecded and relative

specialization would occur. The 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 more desirable than either separately. Still

none of these methods makes the sectoral consumpticn levels fully re-
sponsive to relative prices. A utility function which includes the
possibility of substitution among sectors would do so but empirical in-
formation on cross elasticities is lacking. While not a major problem

as long as the sectors are highly apgregated as in the computations to
follow, it would hecome wore important to simulate price-substitution
processes perhaps by the devices described when the sectors are sufficiently

disagpregated to make such substitution meaningful,

2.1,6 CGovernmsnt Conswiption

The requirsments for governmeat's consumption from each sector in
each peviod are specified exopgenously. If G(t) is the vector of govern.-

mont consumption in peried t, then
(3.4) G(t) = G(¢t), for t2l, ..., T,

This exopenous specification is not completely justified, Government
consumption is not independent of the level and growth rate of output,
either en the demand side or supply side. Education provides a good
example of this interdependence. Private demands certainly rise with
incoma and the government responds by trying to meet the demand even
though ruch of the demand can hardly be considered an increment to pro-
ductive capacity. On the other hand, government enginesring colleges
provide additional scarce inpute without which the system would net run

nearly so well., Similar observations can be made about government health
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services. We do not attempt to introduce these considerations into the

model by relating povernment consumption to other variables.

2.1.7 Exports

E(t), the vector of exports in period t, is specified exogenously
(3.5) E(t) = E(t) , for t=1, ..., To

However, exports are not truly exogenous, since except in extreme cases
they depend on domestic prices which in turn depeud on the level and com-

position of output. This sophistication is beyond lincar models.

Those ensure by means of the diagonal matrix b of aggregate capital
output ratios that output in each sactor in each period does not exceed that
producible with the fixed capital in that sector available at the beginning

of that period,

(4.0) b(t)X(t) £ X(v), for t=1, ..., T,

K(t) is the vector of fixed capital available at the beginning of period t.
A different b matrix might be associated with each specific vintage

of capital but that is not done here.

2,1.9 Investment Requirements

The total capital in each sector, represented by an element of the
vector K(t), is a composite commodity with a fixed composition, This
composition is defizcd by a proportioa matrix p, in which element pi,
represents the good i held as fixed capital by sector j per unit of

composite fixed capital Kj,
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Sectoral capacities may be increased in any period t by the delivery
of additions to capacity, Z(t)., These increments of capacity, in tumrn,
are formed by deliveries of output from the sectors which produce invest«
rent poods. The deliveries are in fixed proportions and with fixed time
leads of one, twe 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 determinsd by the three investment lag proportion matrices

"
*

.s PV, , in these matrices indicate
i)

p', ", " . The coefficients, p!., p S,
ij ij

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

which nust be supplied by sector i in periods t-1, t-2, and tu3,1 Thus,

the total amount of deliveries of investment goods in each period is
(5.0) N(t) = ptZ(t+1) + p"Z(t+2) + p"' Z(e+3) , for t=1, ..., T,

The assumptions of fixed proportions and time sequences which we
have mads in tko rolations which describe investment formation are not
completely accurate descriptions of veality., In particular, since the
output of each sector is homogeneous it would be possible as an alternative
procedure to make capital-in-process nonespecific and to indicate only the
total contribution of each capital goods sector to cutput., This would
allow investment goods to be produced in advance of the actual increment
in cepacity whensver the model decided it was most conveniont. The latter

formulation would provide for flexibility in the sequence of capital

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

pij being = pij + p; + p;} °
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formation making it possible for the wodel to stretch out the lags beyond
ths specified minimur lags if it is prefervable to do so. This, in tumn,
would undoubtedly improve somewhat the overall performance of the nodel
solutions, It would require, however, a more careful accounting of the
production of capital poods by each sector, its novement into use or into
an inventory of "unfinishad canacity” and its withdrawal fyrom that inventory.
That would, in tumn, increase the nuwmber of restraints. Since the model is
likely to use the additional freedom only in fhe initial periods, the
additional computational hurden was not considoved worthwhile, Mercover,
if the nodel wera ¢given this additional freedor in scheduling investment,
it would use it, if at all, by totaily intsrrunting investment in scre
year. Since there ars costs %o such a cowplets interruption which are

not casily accounted for in u linear framework we cnose wol to permit this

frecdon

2,1.10 Deprgciarvad Capital

Real deprscistion depends on the pusssge of time in this nodel
rather than thz vote of use.  The depreciation petteyn chosen is the "one
hess  shay" typs, acain bescauss of the dezive For sinplicity and the limita-
tions of ignorance. Sines lifetines of plant ond aguipment are chosen to
be, respectively, thirtv-ihres and twenty years, the disarmearance of
preductive caracity through depreciation s ecxepenously determined in
full for tuwanty vears and in vart for thirteen rore yearcs

The eapitznl originating i2 sector i which wears out in sector
(). The totul denrscisted capital in each sector in each period is

j is Dij

then Djaz;lgj(t) and for all sectors
i 4

————

(5.1) Nit) = N(t) for tel, ..., T*3,

’
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2.1.11 Depreciated Capacity

The different lifetimes imply that plant and equipment depreciate
in an "unbalanced” manner. This, in turn, provides the opportunity for
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 de-
preciation of the components must be computed. The Jdepreciation composition
matrix r is defined with element iy ° Dij/Dj° Then wmultiplying Dj(t) by
rij/pij the amount of copacity which would be lost due to depreciation of
each conponent Dij(t) in sector j is computed. The zctual amount cf
capacity lost through depreciation in sector j is the largest loss dua to
the woaring out of any component and is determined by the maximum of
Dj(rlj/plj, rzj/pzj, cooyp rnj/pnj), Therefore, the diagonal matrix d
can be formed vhose element djj = Maximumn (le/plj’ rzj/pzj, couy rnj/pnj)c

The capacity lost through depreciation in each sector is, therefore,
(502) V(t) a [djn(t) ¢ '.FOT tzl’ o0 p T#?’b

2,1,12 Restoration Requirenents

It is up to the optimizing mechanism to decide on R(t) the amount
of the capacity lost through deoreciation which will be restorsd. The
modsl may, in fact, decide to restore only part of that capacity. This is
likely to happen only when the patterns 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 rsquire up to three periods.
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So the deliveries for this purpose in any cne period look three periods

ahead

(5.3) Qt) = v [d]7IR(es1) + 1 [d]7IR(E2) ¢ w0 [d]7IR(Ee3),

fOT t’l. LI 'Y TB

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

p', p" and p" . The ceefficients r!., ¥V, and " indicate the proportions
RS 4 R, (t)
, to

of the total capital replacement due in period t in sector i,
d

ij
restore capacity Rj(t) which must be supplied by sector i in periods

t-1, t-2 and t-3,

2.1,13 Capital Accounting Relationships

llaving described the manner in which capital is created, depreciates
and is replaced, the accountinp relationships for capacity in each sector

can now be writtan as
(5.4) K(t+1) & K(t) + Z{t+1) ¢ R{t+1l) = V(t+1), for t=1, .0., T+2.

This merely states that capital available at the beginning of period t+l,
K(T+1), cannot be greater thon the capital available in the preceding period
less the capacity dopreciating in peried t plus the new, completed additions
to capacity plus that part of deprecintad capacity that is restored. Since
both the restored capacity R(t+l) and ncw capacity Z{t+1) can be zero,
this permits decumulation of capital to the extent of V(t«1),

We have assumed in this formulation that if eapacity is to be restored
when any component of capital depreciates the rastoration must take place

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

out in that period.,,1

2,1.14 Restoration Ceilings

Since a unit of capacity can be created more cheaply by restoring
8 worn out component than by supplying the entire set of compenents 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 t=1, ..., T+3,

2.1,15 The Balance of Payments Constraints
n
The total amount of imports, > Mi(t), in each period is limited
i=1
by the availability of foreign exchange. This in turn depends on the total

n

amount of exports, F_ Ei(t), Foreign aid Ffrom governiment sources, private
inl

foreign investrment and whatever chang2s in rcserves will be tolerated. The

lattor threo components, lumped togather, arve spscified sxngenously as A{t).

The balance or payments consitraint becomes
(7.0  uM(t) < A(t) + wE(L), for t=l, ..o, T,

where 1 is a unit row vector {1, 1, 1, ..., 1].

1 It would be poscible to avoid this limiting assumption by changinpg the
constraints (6,0) on rostoration ceilings, described next, to

t t
E R(t) < E V(t)’ talo vongp 1“'39
t=l te]

This would provide the freedom to restore depreciated capital in any period
subsequent to its depreciation,
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2.1,16 Composition of Imports

The next step is to provide for the allocation of the total import
potential amonpg the various sectors. First of all, some sectors such as
construction and electiric powsr generation are not allowed to import at
all so the import terms in those sectors are set at zero, Secondly, in
each period some imports are non-competitive in the sense that these are
goods for intermediate as well as final use for which no domestic capacity
exists. Non-gompetitive impoxts in this way complement domestic production.
Strictly specaking, accounting for these imports requires creating a separate
sector for each type, Rather than do that, the vector of non-compstitive
imports, M'(t), is defined here as import requirements which are related
to output levels by fixed coefficients and which must be savisfied bhefore
other impoxts are allowed. M'{t) can be classified without recourse to
special devices in their corresponding domestic sectors. Total imports in

sach sector are the sum of the two types.
(8.0) M(t) = M'(t) = N'(%), for t=1, ..., T,

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

matrix m'(¢) of fixed import coefficients so that
(8.1) M'(t) = m'(L)X(1), for t=1, ..., To

This simple treatment of non-competitive imports does not permit
planning of import substitution programs, llowever, we believe that for
planning import substitution program a much more disagpragated sectoral
:lassification is vequired thon the one we have used, It 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-compstitive import coefficients can be changed period by period to

take into account the planned programs of import substitution.

2.1.17 Competitive Import Ceilings

Equation (8.1) has the offect of determining the minimum amount
of imports necessary for producing the domestic output X(t)., Once the
minimums are satisfied, the remaining foreign exchange should be used
where it is most valuable, and the creation of domestic capacity depends
on this use. Conpstitive imports make use of whatever foreign exchange
is left aftor non-competitive imports are satisfied.

While non-conpetitive imports are cowplements to domastic production,
compatitive imports, M"(t}, are substitutes. Their anounts are determined
by thse model solution subjiect te the availability of foreign exchange. In
the absence of diminishing returns the wodel soluticn would specialize
compatitive imports in only a few secirrs. This would unduly vestrict
domestic capacity formation in these sectors. To aveid this possibility
the maximum usage of foreign exchanges for competitive imports is stipulated

for each ssctor in
(8.2) M"(t) ¢ m"(t) [A(t) + 2E(t) - wM'(P)], for tul, ..o, T

whors the vector of coefficients m'"(t) is exogenously prescribed so that

Y m;(t) >1, This gives the model some leeway in allocating foreign
i

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 roflecting this renlistic limica-
tion. In some of the solutions, however, the constraint in (8.2) will be
nullified by setting all the n'' equal to unity so that the model has

i

complete freedom to allocate foreign exchange for competitive imports.

2,1.18 1Initial Capital Stock and Cavital in Process

Events within the plan period ars related to what has gone before
and what comes after as can be seen in a aumber of the relationships, 1In
the capacity restraints in (4.0), for example, the capital stocks avail-
able at the ontset of the plan period must be known, Equation (5.4) also
indicates the need for somehow determining the levels of capital in process
at the bepinning md erid of the plan. In the Pasic Model core we need
only add ths description of how che nodel is started,

The capital stock available ot the begpinring of the first yenr of
the plan is greatsw than that which produced the output of the pre-plan
period since additional investuent will mature and bacome available by
the end of the pre plan period or beginning of the fivst plan period. It
is this la=ter capital czpacizy which is the initial capacity for the plan.
In addition, the investmeant undertsken in the pre-plan period to mature
in periods two and ¢hres must also be specified, Alternatively, the
maximum gross increments in capacity which can be delivered in periods
2 and 3 can be stipulated cince it is rigidly linked to pre-plan invest~
ment. ‘This does not commit the solution to the completion of the projects
started before the plan period; that is a matter to be decided by the
optimization procadure.

These initial conditions should be based on empirical inforration

available Lefore the plan begins, Practically, however, no information
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has been available to us s to the amounus of uncompleted capital in
process at the beginning of each plan period, Even though the Third Five
Year Plan refers to projscts started during the Second Plen to be completed
during the Third Plan, the information in the plan is not sufficient to
astimate either the sectoral composition 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 possilile to estimate the capital stocks available
during the first three periods of the Third Plan from the output levels
achioved in these three years. Yet our objective is to simulate the
planning process as it is confronted before the beginning of the plan.
Consequently the initial conditions are estimated by assuming that in
the pre-plan period for oach sector o growth rate, O, has been projescted

for the crsation of capital. The initial conditions thus become:
(9.0)  K(1) = b(1)(I +9X(0)

(9.10)  Z(2) + R(Z) € b(2)(I +04)04X(0) + V(2)

(9.11)  2(3) + R(3) & b(3) (I +04 oLX(0) « V(3)

where 04is a diagonal natrix of sectoral growth rates ng

2.1.19 Terninal Requirements

The optinun short run plan would be a detailed working out of a
longer plan which 2mbodied the distant as well as current goals of society.
Making lonper nlans, however, requires information which the future hides,
Analytical and computational probleims fovce the truncation of the planning

period. The choice of the plan period, howsver, depends, among other
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factors, on the uncertainties associated with the future. In Chapter 5
techniques will be presented of making and coordinating long and short
plans. In this chapter we consider only the conventional five ysar plan
period,

Since our objective function is a weighted sum of agpregate con-
sumption within the plan years, terminal requirements have to be sot up
as constraints in order to voflect the goals of the post-plan future.
Alternatively terminal conditions could have been embodied in the objective
function. Current economic policy decisions should reflect the roality of
an unbroken chain of econonic relationships leading from the past into the
future, The stocks of fixed capital, of inventories and of capital in
process are the only links in thet chain in our models. Specification of
these stocks at the end of the plan neriod Jetermines the future alternative
which are available to the aconomy.

In general then the terminal reauirements have to state the desired

mininum levels of these stocks:

(10.01)  K(T+1) = K(T+1)

(10,02)  K(T«2) = K(T+2)

(10,03) K(T+3) = K(T+3),
and

(10.1) s(TX(T+1) = XS(T+1)°

where XS(T+]) is the vector of stocks of inventories at the beginning of

the first post-plan period, T+1, i.6. at the end of the plan,
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K(T+1), K(T+2), K(T+3) and XS(T;33 are prescribed in two alternative

ways in the Target Model and the Transit Model.

2.2 The Tarpet Model

In this model the levels of the termi.ial 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 allccational implications of the targets for the

plan period, In general K(Te1), K{T+2), K(T+3) and X_(T+1) will have
to be specified. The required minimunm capital in process at the end of
period T is determined by X(T+2) and L(T+3) because of the assumed lagp of

up to three periods between investment and maturity of capital., Alter-

natively the levels of tormiral stocks may be defined in terms of X(T),
thas levels of ouvtput for tho terminal year vhich are set as targets as,
for exarmple, in Indian planning,

Since there are no post-tewminal conditions explicit in the speci-
fications of if?j it is necessary to project some in order to operate
tho modal. The assumption adopted is simply that each sector grovs
post terminaily 2t the annual sectoral growth rate, c&i, vhich is implied

L

betweon X(T) and X(0). We obtain K(T+1), K(T+2) and K(T+3) from A(T+1),

X(T+2) and X(T+3) using the diagonal matrix, b, of cupital output ratios.
That is:
(11,01) K(T+1) =b(T (I +o1<,]X(T) ,

(11.02)  K(T+2) =b(")[I +o_<r]2ﬁ—'l-'_) ,

(11.03)  K(T+3) = b(T) [T +05]°X(D) .
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and

(11.1)  s(MX(T+1) = s(M(I + ¥IX(D .

With these terminal conditions added to the Basic Model core, we
have a model which can be used to invesfigate the implication of a set of
Plan targets. The solution calculates all the direct and indirect require-
ments implied by the targets, if at sll feasible, allocates resources to
their production, and simultaneously distributes the use of resources
over time in such a way as to maximjze the discounted consumption in the
objective function., If the solution indicates the targets are not feasibls,
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

roference 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 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 Model Constraints After Substitutions

(1) Objective function

T
(1.0) Maximize: W = % C(t)

t=] (1+w)t'1

L

Subject to:
(2) Consumption growth constraints
(2.01) «C(1) & ~(1 +p(0))C(0),
(2.02) -C(t+1) + (1 +P(t))C(t) £0, tel, o0., T-1
(3) Distribution relations
(3.01) [a(1)-I-m'(1)1X(1) + s(1)X(2) + p'Z(2) + p"Z(3) + p™ Z(4)
+ r'd-IR(Z) + r"d'lR(S) + r"'dan(4) + c(1)C(1) - M"(1)

< s(D 1 +cg X - TD - T,
(3.02) [a(t)~T-m'(t)-s(t)IX(r) + s(L)X(t+1) + p'Z(t+1) + p"Z(t+2) + p"* Z(t+3)

¢ o dIR(ten) ¢ rdiIR(ee2) ¢ v atIR(e3) ¢ ee)CCL) - MU(L)

< - E(t) - 6o, for t=2, ..., T-1,

(3.03)  [a(T)-I~n'(T}=5(T)IX(T) « p'Z(T+1) + p"Z(Te2) + p™ Z(T+3)

srdlnemen) o ra ey ¢ o atIngmes) « oMo - W)

<~ B - 6N - s(M(1 +e0¥X(D),
(4) Capacity restraints
(4.01) b(1)X(1) < b(1)(T +ogX(0),
(4.02) b(r)X(t) - K(t) = 0,
(5) Capital accounting relations
(5.01) K(2) - Z(2) - R(2) £ b)(T +cpX(0) - dD(D),
(5.02) K(t+1) - 2{t+l) - R(t+1) - K(t) £ -dD(E+1), for t=2, ,.,, T-l
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Table 2-3 (continued)

(5.03) =Z(T+1) ~ R(T+1) = K(T) € ~dD(T+1) - b(T) (I +c4)X(T),

(5.08) =Z(T+2) = R(T+2) « Z(T+1) - R(T+1) = K(T) < -dD(T+1) - dD(T+2)
- BT (1 +Q XD,

(5.05) =Z(T+3) = R(T+3) = Z(T+2) - R(T+2) ~ Z(T+#1) - R(T+1) - K(T)

£ -dD(T+I) - dD(T+2) « dD(T+3) - B(T)(I +09X(T),
Restoration ceilings
(6.0) R(t) < dD(Y), for ts2, ..., T+3,
Balance of payments constraints
(7.0)  wm'(t)X(L) + wM'(t) < A(t) + HE(L), for t=1, ..., T,
Competitive import ceilings
(8.0)  [m(6)] () + wum' ()X(L) € ACD) + HE(L), for tal, ..., T,
Initial capital in process restraints
(9.01) Z(2) + R(2) £ b(2) (T «cX)X(0) + dD(2),

——————

(9.02) Z(3) + R(3) < b(Hoy(1 +00°X0) + dB(H).



TABLE 2—4
TABLEAU FOR THE TARGET MODEL
c Yoriables | iy [emIvnl x@ | a2 wolkaza] ra | x@ | c® |[wo jko) {za | ro) X4 | c
onstroints
(1) Objective 10 (P! (1w)~2 (Lew)™3
(2) Consumption 1 -1
Growth 2 (1+p) -1
Constraints 3 (1+p) -1
] (1+p) -1
5 (1+p)
(3) Distribution 1fatm] |tel | -0 (s) (p'] IR {(p1 {Ir 1a-!
Relations 2 [adm'ss) | tel |-() (s} . (p7 {0 )1
3 [la-lm’-s} | lel -M1) (s)
4 [atm’-s} | fcl
5
(0 Capacity 1] (b}
Restraints 2 )] -1
3 (b -{1]
4 b}
1]
(5 Capital 1 m |-t -
Accounting 2 -[n m -] -m
Relations 3 -
[l
H
6
1
(6) Restoration 2 (]
Ceilings 3 [
4
§
6
1
8
(7) Foreign 1] wm' u
Trade 2 um' v
Balance 3 um’ v
4 um’
5
(8) Competitive 1] wm’ {m]~!
Import 2 um’ )t
Ceilings 3 wn’ (m"}-!
4 um’
5
&
(9 Initia! 2 mim
Capital in 3 1}] m
Process
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Chakravarty and Bckaus and by Stone and Brown.

In this model terminal corditions are provided which guarantee the
achiovement in the post-terminal period of exogenously specified growth
rates of deliveries for private consumption, replacement, government
consumption, exports and imports from the levels and composition of these
deliveries in the last year of the plan. The fixed capital capacities
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 lsvels 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 consumption growth constraint and a pre-
scribed CT(0), then a minimum nost-terminal consumption level and growth
rate is stipulated for the nost-terminal period as well. While it is
desirable o allow the coaposition of imports to be determined by the
optimizing mechanism diring the plan period, this mechanism does not work
in the post-plan period. Thus, it becomes necessary to provide some basis
for extrapolating the composition of imports and in this case it is taken
to be the impor. levels of the final plan period,

Again chrae post-terminal periods must be accounted for because
of the thrse period gestation lag in investment. The presentation will
initially assume a constant post-torminal composition of consumption by
adopting the same growth rate for use in each sector. Thus with post~

terminal growth rates, 9, §, ¥, g?,’/,, for consumption, replacement,

1 S. Chakravarty and R, S. Eckaus, "An Approach to a Multisectoral 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 Bconomic Growth.
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government, exports and imports respectively from their levels in the

terminal periods, we have

(12.01) F(r) = F(TI(1 + p°T

(12.02) 6(v) = GH(L + NET,

(12.03) E(t) = B0 + )T, fort =T.

(12,04) b(t) = DD +6)T,

+

(12.05) M(t) = w(m) (3 +) T

With these assumptions the distribution equaticn in the post-terminal

periods become

(12.1)  X(t) = a(TX(t) + ($(T) + b(Tp*) [X(t+1) ~ i(t)]
+ B(Tp" [X(t=2) - X(t+1)]
+ b(Mp™ [X(t+3) - X(t+2)]
s F ST - T et T ED et L DM ass) T

M et for t =T,

The post-terminal output levels can then be found as a particular solution

of the distribution equations (12.1).

(13,0) X(t) = [L-a(T)o(b(TIp' (T)es (THA=b(T)p" (T) (1+M f-b(T)p™ (T) (1+4) 2] 1r(m) (1o * 7

+

[L-a(T) - (b(T)n* (1) +s (T} X-b(T)p" () 1+ R F-b (D) p™ (1) (1+0) %) 16 (1 * "

Ry p—— =T
[I-a(T)- (T (TY+s(TIIE -1 (1) (T {1+E}E - (T)p"* 7T) (]"6)261 IF(T) (“'5)1

%

+

. 2 ele— t-T
[T=a(T) - (bCTIN* (T} +s (1)E L (T)p" (D) (156351 (T)p™ (T) (1+8) “§17 D(D) (1+5)

o [Lea(T) = (bCT)P! (T +8 () Wb (TP (T) (o0t DT p™ (T) (1) 2aa] " 0Ty (100 & T

for t=T+1, T+2, T+3 .,
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From which using b(T) and s(T) and defining

o [1-a(T)-(b(T)p" (T)+s(T))q=b(T)p"(T) (Loxd-b(Mp™ (1) (1429 *q],
forn=@, Y, €, 6 s My

il
the terminal requirements for the Transit Model are obtained.

Terminal capital stocks:

(14,0) K(t) = b(T)q;l F(T)(1+¢)t'T

+*

b('r)q;,‘ e (et T

b(mq;' ED (e

%+

*

b(May BN (105"

b(myq;’ HM (1) ™7, for teT+l, To2, T+3 ,
and

Toerminal inventories
~1
(14.1) s(T)X(T+1) = S(T)‘1¢ F(T) (1+8)
* st'f')q;l C(TY (1+9)
+ s(Mq,! FD (1+€)

¢ s(Da;' DD (1+8)

- s(Mqg, M(T) (144,

Again, the oqualitiss are substituted into the inequalities and
the final form of restraints programmad as Transit Model is shown in

Table 2.5, The corresponding 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 f,
s, Y, €, and/q may each be vectors of growth rates, The sclution
as a result only becomes somewhat more tedious than before and in fact,
(12.0) could be reinterpreted for this case. Lach of vectors F(t), D(t),
G(t), 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

0 Fo(m

0 th 0 t"'r

F(t) s v (14‘g1) + o (1+¢2) + opo +

0 0

0 0

R 0

0 t-T 0 t-T
F (T - e -
i( ) (1+¢i) * . * F (v\-) (1+¢n) .
0 n

Ce © o

Then one would just evaluate equation (13.0) n times taking each of the

n terms of the above representation in turn. Dropping the equiproportional
growth rate assumption pexrmits the exercise of discretion as to possiblse
variation in the post-terminal prowth rates for the various sectors’

outputs in their different uses.
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Table 2-5-

The Transit Model Constraints After Substitutions

(1) Objective function

T
(1.0) Maximize: We 3~ c(t)

Subject to:
(2) Consumption growth constraints
(2.01) -C(1) £ -(1 +p(0))C(0),
(2,02) -C(t+1) + (1 + P(t))C(t);s 0, t=1, .,., T-1.
(3) Distribution relations
(3.01) [a(1)-I.m'(1)]X(1) + s(1)X(2) + p'Z(2) * p"Z(3) + p™ 2(4)

+ r'd“ln(z) + r"d'lncs) s ™ d"ln(4) + c{1)C(1) - M(D)

< s(D[T +cX(0) - E(1) - G{1),
(3.02) [a(t)-I-m'(t)-s(E)]X(t) + s(t)X(t+1) + p'Z(t+l) + p"Z(t+2) + p™ Z(t+3)
+ r'd"lu(tﬂ) + r"d"ln(uz) < r'"d“lncus) + c(B)C(L) - M"(t)
< -E(t) - G(1), for t=2, ..., T-1,
(3.03) [a(T)=I-n'(T)-s(T)]X(T) + P'2(T+1) + p"Z(T+2) + p"Z(T+3) + r'd IR(T+1)
« d In(me2y » r aTIveTe3) [c('[‘)-‘as('l')a;l(ltﬁ)d(T)]C(T)
- Mss(a, (e WD) = 5N (Lo 0m (XD
2 -E(D) - (D - s(NayGH 1+ ¥) ~ s(Ma; T (1+€)
- s(Ta; DD (1+8) ,
(4) Capacity restraints
(4.01) b(1)X(1) £ b(1) (I +eQX(0) ,

(4.02) b(L)X(t) - K(¢) £ 0,
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Table 2-5 (continued)

(5) Capital accounting relations

(5.01) K(2) ~ 2(2) - R(2) £ B()(I + WXV - (D),

(5.02) K(t+1) « Z(t+1) - R{t+1) - K(t) < -dD(T+1), for t=2, ..., T-1,

(5.03) =2(T+1) - R(T+1) - K(T) + b('r)q;‘(nmc('r)cm » BITYL (14.e)mt (TX(T)
* B (19T £ ~dDCRT) - b(May (1+ NED - b(Da 1+ £)FD
- b(Ta;'(1¢ 5)B(D ,

(5.04) -Z(T*2) = R(T+2) « 2(T+l) - R(T+1) - K(T) + b('l')q;l(hmzc(T)C(T)
- BT (1) 2T (DX + b S 1e007(T) < ~dBED) - IBCT)
- b(May' (1 NED - b(Ma 1+ )%FD - b(ma; (10 51750,

(5.05) -Z(T+3) - R(T+3) - Z(T+2) - R(T+2) - Z(T+1) « R(T+1} - K(T)
+ b(T)q;mm‘"’c(T)cm - BTz} (10,20 mt (DACT) + BT, (1420 S0(D)
£ -dD(T+D) - dR(T92) - dD(T3) - b(May (1+ ¥)%6D - bemall (e &) T

Wl 3
- b(Tay (1+8)°D(T),
(6) Restoration ceilings
(6.0) R(t) < di(D), for t=2, ..., T+3,

(7) Balaence of payments constraints

(7.0) wm' (£)X(t) + uM'(t) < ACE) + wE(D), for t=l, ..., T,
(8) Competitive import ceilings

(8.0) [m"(£)]"IM"(t) + wm! (£)X(L) < ACE) + wFCE), for tal, ..., T,
(9) Initial capital in process restraints

(9.01) 7(2) + R(2) < bot (I +o¢(,).)(_r0) + dD(2) ,

Pl

2
(9.02) 2(3) + R(3) £ bat(I +0) X(0) + dD(3),
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TABLE 2—6
TABLEAU FOR THE TRANSIT MODEL
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5
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S%p Sy Yy etc. and b., bg b‘, b, etc, are analogously defined.
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During the plan period the level of imports, though not the com-
position, 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 gap can be made to decrease or increase in the post-terminal
period. The post-terminal requirements for foreign aid, changes in pold
‘reserves or debt repayment all can in this way be built into the solution
of the model.

The statement of the Transit Model is now complete with the
addition of its torminal conditions to the Basic Model core, but,in this
case alsog, it cannot bs assumod 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 growzh will start while satisfying the growth constraints and
achioving the terminal conditions, This will ordinarily be enouph to
puarantee a feasible solution. For example, zero agprepate consumption
in each period would satisfy the monotonicity constraints and thus only
enough capacity would be necessary in the plan and post-plan periods to
satisfy the exopenous demands,

Having described the structurs of the Tarpet and Transit Models
it is now possible to form 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 axs
8 sophisticated and "realistic" than those presented above. The diffi-
culcies are in finding data with which to fill in the models, in being
asble to find solutions and in carrying out the computations. The models
used hers embody compromises on all accounts.
We beliesve that the principal limitations are the following:
(1) The utility function and the production functions are
assumed to bé linear.

(2) The objective function and the constraints do not erbody

all the relevant goals of dsvelopment,

(3) Coofficients which are constant over time neglect changing

technology and sectoral composition of output.

(4) The lag structurs of investment is rigidly fixed,

(5) The trsatment 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 prosenting the models' rslationsh.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-linearitiss and externalities are at the
heart of devslopment economics. While they are ignored in the models
they cannot be ignored in appraising them and their results. There aro

grave difficulties, analytical and informational, in embodying non-linearities
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in the podes which have led us to avoid them, 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 information and computational
capacity interferc, 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-making situation. Soms information gaps are un-
avoidable, however, and planning commissions are no more likely to be ab’»
to fill then than are research institutes,

The production technoiogy in these models is highly simplified.
Fivst of all, labor is neplected and [ixed capital and intermediate inputs
are the only requirements for outputs and these ars specified by coefficients
which are fixed. The coefficients do not vary with output and, thus, con-
stant returns to scale are assumed. Moreover, they do not change with
time, except insofar as they are made to do so exopenously, and thus have
no "built-in" allowance for technolopical chanpe, Taking up these limita-
tions in order, it would have been possible to specify labor requirements
by tvpes and have these spocifications and labor availabilities act as
production constraints, A cet 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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straightforward 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 st all levels have a variety of sources of which formal
training may be relatively unimportant especially in the less~developsd
countries in which "on-the-job' training is probably a larpger componoent
of total educaticn than is fornal education. The ordinary type of educa-
tional statistics jg not relevant and the necessary data are usually
unavailable. [Lven casual obserivition sugpests a wide range of relative
intensities of use of labor of difforent skill levels in different
countries. [inpineev/worker and foreman/engineer ratios appear to vary
considerably depending on relative wages, educational structures, level
of industrinlizution and so on, but svstematic data are lackinp, Still
thers are cowtri2s in which the reneral availability of skills is so
limited thot to omit this type of constraint, even thoupgh it were
roughly epproximated, would b2 tr overlock the core of the development
problem. This doss not appear to us to be the case in India, however.
While the supply of profassional ind sub~professional skills could not
be said to be "adequate"” thers ic a relatively larpe cadre of such skills
and a larpe and prowinp aducation:] system.  Thougih bottlenecks may
exist, for example, in ine pumber of persons compstent te initiate and
manage larpge new enterprises, pubiic and private, that tvpe of bottle-
neck is not easily brought within the framework of nodels such as those
presented here.

It does not require much iwmagination to think of other ways of

improving the s:ructure of technclopy represented in the model. TFor
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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 information and disaggr gation various

types of capital, each with its own commodity conposition could be stipu-
lated as required in the different sectors and capital formation relations
written for each, The computational burden would be increased by the
additional detani) and the need for psrmitting substitution among types

of capital.

Technologicsl change must remain exogenously specified. To the
extent that there is advance knowledge, as, for exumple, from project
plans for a new plant, the new coefficients can be embodied. Otherwise,
at this stape of our knowledge formal planning wodels are no better and
no worse in taking technological change into account than other tech-
niques.

The capital formation and capital accounting relationships in
the model could be easily improved with additional data and at the cost
of additional computation. The gestatien lag might be extended beyond
three periods and some Flaxibility introduced. It was pointed out above
that the present formulation forces a rigid sequence on capital formation
whereas in practice there is a certain awount of choice, Even if this
choice is not exercised to any great extent its potential significance
could be demonstrated by a more flexible procedure, lHowever, the flexi-
bilicy 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 obsisance 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 determines the unknown variables of the model. These
unknowns are the gross domestic outpucs X(t), the level of agpregate con-
sumption C(t), competitive imports #"(t), capital stocks K{t), new capital
Z(t) and restored capacity R(t).

For any set of valuss of th: parameters, a solution,

if it exists, will be a point in consumption space defined by
the intersection of the binding constraints., Variation of the relative
weights in the cbjective function on consumption in each period will move
the solution to a dJdifferent point on the production feasibility surface.
Variation of the post-terminal conditions will change the sclution by
shifting the feasibility sursface., Likewise, changes in the production
parameters will change the production feasibility surface itself and
consgquently the value of the maximand for any given objective function.
For each valug of the naximand there is a specific sllocation of resources
and outputs in each puried. Thus, for sach solution it is nossible to
generate for each prriod a detailed list of pross output levels, imports
and final demands; inter-industry transactions, investment allocations
and capital stock uses which will sustain the maximand. This sectoral
and temporal <etail along with the associated set of national incoms
accounts fecilitate overall appraisal of the implications of each

solution.



2-48

2,6 The Shadow Prices

Corresponding to the allocations of "physical quantities" the
model’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 probleﬁ.‘ 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 sspecially 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
tachnology 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, TFor example, if the consumption wonotonicity 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 period would rise by more than an equivalent
amount, The rssource 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:

a Vector of shadow prices of X(t) obtained as values

v
X(t)
asgsociatod with the distribution restraints:
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vK(t) s 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;

vCR(t) = Shadow price of the consumption growth constraints;

VFX(t) = Shadow price associated with the forsign exchangpe
balance requirenments;

VM"C(t) a Vector of shadow prices corresponding to the ceilings
imposed on the competitive imports;

vR(t) s Vector of shadow prices of restorable capacity ob-
tained as values associated with the restoration
ceilings;

VIK(t) = Vector of shadow prices of imitial capital in process

obtained as values associated with initial capital in

process constraints.

The meaning of a shadow price can be appreciated properly by re-
ferring to the cerresponding constrrint in the dual problem, The con-
straints of tha dJdual can Le read {rom the tableau of Table 2-4 for the
Target Model and from Table 2-6 for the Transit Hodel by veading down
the columns.

The prices associated with the distribution relations are the
shadow prices of the outputs. From Table 2-4 looking down the column

of, say X(2), we can write down the dual relation as follows
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.

T T J
s Ay - Yxyl * 111 Ve Pez) * ™ Vexeay * "oy Vxen E 0

Value of Value of Rental Value Penalty Shadow
changes in indirect of of price for | \ price 1
i.e. Jinventoriass | +{ inputs capital Y+Jimportedi+ jcompetitivey-¢ of 20,
in the first for to produce inputs ©~ import X(2)
period - X(2) X(2) : ceilings ;

It should be noted that the constraints corresponding to X(1) 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(5) the outputs 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 M'(5) and henve on X(5).

The prices associated with the capacity restraints are the shadow
rentals of capival in the poriod of the restraint. For example, column

K(2) in Table 2.4 or 2-6 gives us

Yeey YV " 2y 20

Shadow Value Value

rent of of
i.0. « of +< capital » .- ¢ capital 20.
capital in in
in period 2 period 1 period 2

1 CSuperscript 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 depree 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 sxchange for compstitive imports, When they bind these
constraints may prevent the use of foreign exchange in the sectors in
which it would contribute most to the maximand. The shadow prices on
the competitive import constraints indicate the value in terms of the
maximand of an additional unit of foreign exchange into the particular
use, .
balance constraints, on
The relation between the shadow prices on the foreism exchange /

output and on competitive import ceilings can be obtained from Table 2.4

by looking down the column M"(t); n.p. for M"(2) we have

Y + V + [m"]“lv 20 ;
X(2)  FX(2) MMC(2)
Shadow Shadow Shadow
price price price
or, -{ of + on + of 2 0.

output forsign import

X(2) exchunge M"(2)

balance

The shadow price on the balunce of payments constraints should not be
identifiad 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, particularly, those on the use of foreigm
exchange for competitive imports. Secondly, by no means all of the supply
and demand forces which in reality affect the foreipn exchanpge rate are
taken into account in the model. The shadow price also reflects the
availability of che stipulated foreipn aid and private capital flows

from all sourc:s. Thus, there is na easy translation from this shadow
price on foraipn resources to the shadow nrice of the rupee apainst the

dollar.

Tae shadow price of consunvntion is, of course, the weipht of C(t)
. . . . 1-t . .
in the objective function nawmely (lew) It is not simply the value of
tne .omporents that wabe up the comrosite consuaption but is affected by

the consumntion pgrowth constraints. Fron the colume of C(2) in Tahle 2 .4

we have
1
-V + (1+ 0)V { } 2 (1+w) .
Ch(2) CR(3)
Value of
additional )
consunpticn
Value of which will have ’ Value Y Piscount
consumption voward Lo be n70VL”‘d ( of f value i
or, -{mgeting consumption }+ in peried inputs to = of y
growth constraint \ ro mest e ( “consunption consampticen
in peviod (2) cConsption ‘ L\ in (2) | €(2)
grovth )

constraint
in pariod (2)

It may be seen from this that, if consumption in the objective function

is discounted, the shadow prices on output also vmbody the discount rate.
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The shadow price of new investment in a sector doss not reflect the
usefulness of the capacity over the entire future but instead it reflects
the cost of the new investnment in terms of discounted consumption over
the plan period, It should be noted, howsver, that all the shadow prices
are affected by the post-terminal conditions imposed including'those of
the inputs required to produce the new copital, The dual constraint

corresponding to colurn, say Z(4), from Table 2-4 is as follows:

T T T
1 1 (113 . vV ~
Value
~ - 1 v O'F >0
or {Cost of inputs} wow z0 .
capital

The shadow prices are no wovss and no better a part of the solution
than are the real variables, They ave an intrinsic aspect of the solution
and if one ncceprs the solution of the allecaticn probizh one has to accept
the moaning of the osszocisted shadew prices, In this context two related
questions arise as te the “useMuluess" of shadow prices, Tlyst, con these
shadow prices be usad in project evaluation? S8scond, would the enforcement

of thes2 shadew pricos by 2 coutral authority lead an otherwiss uncontrolled

economy to the optimun allocation? We will take these questions in tum,

2.6,1 Use of the Shadow Prices in Project CEvaluation

The shadew prices can he used for project.cvaluation provided the

Ffollowing threes conditions are met:
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(1) All the shadow prices are used in the svaluation.

(2) The size of the project being considered does not violate
the linearity and divisibility assumptions of the model.
This may happen if the project is so small that differsnt
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 ssctor itself and may still not violate the
linearity assumptions.

(3) The model includes all the restraints and goals of the
society. If objectives are left cut which are nonetheless
considered practically important, then the solution of the
model 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 then correspond to this efficient

poin® snd not to the true eptimwm point,

2.6.2 The Shadow Prices and Decentralization

The enforcenent 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.

1 In this latter case, the project would be acceptable but, perhaps,
less so than some alternative project. The alternatives would have to
be investigated by rerunninp the model and allowing it to choose the
optimum technique.,



2-55

(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
existonce of an equilibrium is not assured and oscillations
may resulto1 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, consuwmption growth constraints can be imposed
by an expenditure tax on consumption in those years when the
solution indicates that the constraints are binding. On the
other hand competitive import ceilings which may reflect the
policy of import substitution or national self-sufficiency
are hard to impose by prices alone without actually speci.

fying the levels of imports.

1 See K. Arrow and G, Debreu, "Existence of an Equilibrium for a
Competitive Economy," Econometrica, 22:265-90: July, 1954.
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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, The final test of any method is not just
its analytical sophistication but its relative effectivensss in dealing
with the important questions, A planning framework with an elaborate
treatnent of relatively minor problems may no: be as useful as a crudur
approach to the central issues. Some appreciation of the usefulness of
the models is possible based on the discussion so far. This apprecistion
can be improved by examining the results of applying the models and it

is to that to which we shall tum,



CHAPTER 3
DATA FOR THE THIRD AND FOURTH FIVE YEAR PLAN PERIODS

The firefly seems 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 Panc.hz‘ltnn't‘rn
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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 forassipght every real
difficulty in actually developing the data could be foressen. It has been
our sxperience, 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
end resultso1

The only material used has been that in generally available public
documents. On the other hand, we have mcdified and extrapolated these
data when it appearad to us that there was a reasonable basis for doing
so., We have proceeded with inadequate information when we beliaved that
there was in fact a basis for devsloping improved data if their usefulness
could be demonstrated, Tor example, av the ouiset of this projsct only
one ten-year old input-output table existed for Yadia, After extensive
investigation of various sources it was concluded that thers was ample
basis for the preparation of a new and substantially improved inter-
industry flow matrix. At the stage of final computation we wers able to
use a reasonably current and improved input-output matrix, Since this
input-output table and most other originaily available datun were esti-
mated in 1959-60 prices, this price level was maintained th:roughout in
all estimations and projections.

In order to apply the models described in the previous chapter
data ars 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 accompanx}ng volume,
7

»



(1) a(y),

(@) s(v),

(3 b,
and (4) p,
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inter-industry flow coefficient matrix a
stock-flow matrix,
diagonal matrix of aggregate capital coefficients

capital proportion matrix

(5) p', p" & p"V proportion matrices for investment lags

(6) m',

diagonal matrix of non-competitive import
coefficients,

To specify the demands for output, the following have to be estimated for

each period:
(N c(v),
(8) D(t),

® r,

3
~

-
St
-

(10)
ay &0,
(12) KD,
(13) 6 , €, ¥

oy ]
~
-
~t

|

>
~~
(o)

vector of consumption coefficients,

vactor of the fixed capital which (completely)
depreciates in period (1),

composition matrix for the depreciated capital,

vector of exports,
vector of government consumption,
net foreign capital inflow,

post-terminal growth rates for D, E and G.

Initial and terminal conditions are prescribed by the following:

(14) —{(—6)-0

(15) o ,
0

(16) X(D), o

vector of domestic output levels in the pre-plan
period. This is used to estimate K(1).

diagonal matrix of implicit yearly growth rates
projected for the early periods of_the plan in

the pre-plan years. O, along with X(0) is used to
dotermine the initial capital stocks and the initial
capital in process.

vector of _domestic output levels for the target
year T, X(T), and matrix of projectad post-terminal
growth rates, CIT. are used to determine the terminal

capital stocks and the terminal capital in process
for the Target Model.
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(17) ¢, «, post-terminal growth rates for consumption
and imports respectively, #,4,86, € and
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) m“, competitive import coefficients for exchange
allocation ceilings

(19) f’(t)' mininum growth rate of consumption in period t

3.2 Description of Sectors

The sectoral classification had to be decided on the basis of the
input-output tables available. At the start of the project in 1963 the
most recent input-output table available was for 1955-56 and was on @
fifty-sector basis. It was compiled at the Indian Statistical Institute
by Ashish Chakravarti. An attempted computation on a fifty-sector basis
using the 1955.56 I,S.I, inputeoutput 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 I.S.I, table
would again be outside the acceptable computation time, Further aggrega-
tion was neocessary. Unfortunately, aggregation could not be carried out
in a way which would be certain to satisfy the theoretical criteria for
avoiding biasn1 This is due partly to lack of the empirical knowledge

which the criteria require and partly becauss of the previous agnregation

1 For a survey of aggregation problems in production data, see A. A.
Watsrs, "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 wers, to a
subgtantial extent, ipnorant of the datailed sectoral composition, Exe
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 chanpod exogenously from period to period and
from one solutien to the next, However, the Target and Transit Models
are not provided with technolopical alternatives. The general structure
and logic of input-output tables have been discussed in detail elsewhere
8o we shall not review that material. 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 followinp discussion will be limited to brief accounts of the data

used and to explanations of the adjustments which have been made.

1 W. Leontief and others, Studies in the Structure of the American
Economy, New York, 1953, and H. B. Chenery and P. G. Clark, Interindustry
Economics, New York, 1959,
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3.3.;1 Inter-Industxy Flow Coefficient Matrices a(t)

In early 1964, two new Indian input-output tables became available
for 1959-60, One was preparsd 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, M.I.T. The second table was
pstimated in the Inter~industry Study Group or the Planning Commission
under the direction of K. S. Khrisnaswany of the Economic Growth
Section. These tables were prepared for somewhat different purxposes 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 tubles, In most cascs, however, the variations do not appear to
represent differsnt estimates of the same cencept but rather somewhat
different concepts. Inasmuch as somewhat more information as well as
other supporting data were available for the I.5.I. table as compared
to the Intar industry Study Group table the former has been used in ths
computations, The 1,S.G. table has been used, howevsr, to supply in-
formation not in the 1.S.I. table on the distribution of inputs in the
transport sector and the use of imports.

The 1959-60 1,S.I. table which we use is basically that presented

. 1
in Notes on Perspective of Nevelopment, India: 1960-61 to 1975-76 and

js 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, pp. 1832187,
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is obtained after subtracting Imports, In addition to the inputs of the
intermediate producing sectors, Wages and Salariss, Gross Profit and
Margins are distinguished. The latter includes wholesale and retail trade
margins and indirect taxes and subsidies.

In the 1.5.1I. 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 ocutputs directly for
fixed capital formation deliver to the construction sectors which in this
table are processing rather than service industries. Thev receive inputs,
process them and deliver fixed capital.

Inasnuch as the purpose in the experiments with empirical informa-
tion is the analysis and demonstration of gencrally applicable techniques,
the following modifications are made ir the 1.5.I. table. (a) In several
sectors there is a nepative input entsred in the miscellaneous "Others"
sactor as an esppregate corrsction to over-astimation 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 daliveries as a guide so that

a

Y. a7 3

ij ij 1 30
Zaij
j=1

M cector. (b) The undistributed

where 3; is the negative input from the it
inputs of the rail and motor transport sectors were allocated using the
proportions from the I.S.G. table. (c) A major change made in the I.S5.T.

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.S.I. table rein-
forced the view sugpested by these characteristics that over-all results
would be sensitive to the size and growth rate of this sector. It was,
therefore, decided to isolate Residential Housing from the miscellaneous
"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 national! income accounts for 1959-
1960, This amount was subtracted from the delivery of the Othexrs sector
to Private Consumption, The Residential Housing column was formed by
allocating the row total among the input sectors using the relevant
coefficients of the 1955-56 I.S.1. 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 primary factor. This
was done to confomm to the us :al practice for wholesale and retail trade.
wacking any other basis for establishing an empirical relation it would,
in any case, have been necessary to relate outputs of the trade sectors
to other sectors by fixed coefficients. Table 3.3 presents the medified
1959-60 I.S.I. table now on a thirty-two sector basis. Tables 3-4 and
35 present the matrix of inter-industry coefficients aggregated to
eleven sectors using as weiphts the gross domestic outputs in 1960-61
and projected gross domestic outputs in 1965-66 respectively. The forme:
is used for the Third Plan period and the latter for the Fourth Plan

period.



3.3.2 Stock-flow Cosfficients

The patterns of inventory-holding in the less-developed arsas
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 rslatively 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 totel inventories held
by sector j to annual output of the sector j, is calculated from two

sources: (1) Notes on Persnective of Development, Table (M) and (2)

Annual Survey of Industries, 1960, CSO, India, 1960-.61 output levels

wore used as weights in appregating 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 ths

P.P.D., Notes are assumed to supercede those from the Annual Survey

except in Transport Zquiprment, Coment and Cottoun and Other Textiles. The
P,P,Dn,_ﬁgggg_were not comprehensive so "typical” coefficients had to be
used. Naither source coveraed 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. gen and the other by A, Chakravarti.
Table 3-6 shows the aggrepate inventory/output coefficients. From these
aggregate coefficients an inventory/output coefficient matrix is con-

structed. The agpgregate inventory output ratio in each sector is


http:1960-.61

3=9

distributed along a colum in the proportions of the storable elements

of the input column in the corresponding a matrix. Befors doing this,
however, the coefficients of the Other and Margin sectors were eliminated
on the grounds that the contribution of this sector was so miscellaneous
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 rssults to changes which reduce the in-
vestment requirements for prowth., In the altemative set, the aggregate
inventory coefficients are changed as follows: in Agriculture from 0.393
to 0.131; in Food, Clothing and Leather from 0,361 to 0,181: in Chemicals
from 0,528 to 0.259. This alternative set of inventory coefficients is
also shown in Tabie 3-6. A corresponding s matrix of inventory/output
cosfficients is created in the same manner as described above for 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 repsated.

As pointsd 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 mors of an improvement to distinguish capital vintages.
The ratios estimated are intended to be marginal rather than average
capital coefficients., This is the most common typs 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 fully utilized.
For wodern industry, in particular the data potentially available are
quite comprehensive and even for the traditional sectors and agriculture
a good deal of partial and sampls survey data exist. In these latter
sectors, however, the relation of capital accumulation to capacity changes
may be less reliable than in industry and certainly warrants much more
investigation. The 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. This was
first done independently using a wide variety of sources of information,
The estimaticn procedures were not sophisticated, and there were never
enough observations of the same quality to warrant the use of econcmetric

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 sstimated in the
Indian Statistical Institute, New Delhi by Vinod Prakash, These estimates
also give the breakdown of capital coefficients in four types of capital,
urban const}uction. rural construction, transport equipment and other
equipment. The estimates are based on numerous studies ''roleased 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 agpregate capital coefficients and their composition are
shown in Table 3-9. The eleven ssctor 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 end Pourth Plan periods respectively.

The set of capital-coefficients taken from I.S.I. sources will be
referraed to as the '"Reference" set. They appear to us to be reasonable
but moderate., 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 Housing, 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 changtd in some of the sensitivity tests. No procedure for
exogenously changing the capital formation relations was available to us
which would zeflect changing technology znd 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,

3.5.4 Lap Proportion Matrices

The next step in data preparation was the disaggregation of the
capital formation by periods. The existence of gestation periods of
varying lengths is a major source of the problems of coordinating the
growth of different soctors in develupment programs. In addition, since
in the less-~developed regions delays in making capitnl effective have a
particularly high cost it is important to bs able to analyze such dolays,

Published empirical information about the pestation periods of
capital projects is relatively scarce for developed as well as for less~
developed repions. There is a substantial body of informal comment which
holds that gestation periods in the less-developed countries ars quite
different from practices prevailing in the developad areas. Although
the existence of several studies of ths time patterns of capital creation
indicates the feasibility of such investigations, secondary sources are
completely inadequate for this purpose and no indspendent estimation was

attempted,
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We adopt a simple pattern to represent the gestation process which
could be easily modified as more information became available. It is
assumed that the construction component of investment required to achieve
an increment of capacity in period t has to be made in three equal in-
stallments over the three preceding periods, t-1, t-2 and t-3. For the
equipment component of investment it is assumed that one-half of the
toial requirements has to be provided in each of two periods preceding
the period in vhich capacity was to become effective. With these assumptions
the matvices 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
gstimated for India for the 1960's as shown in Tables 3-12 and 3-13 for
the Third and and Fourth Plans respectively.

Again for sensitivity tests the gestation lag structure is changed
in a manner which would facilitate the adjustments of the system, The
alternativs lagwpfoportion matrices are based on our judgment as to the
potential for reducing tha time lag in capital creation in some sectors.
The investnent lag in Construction and Others and Margin sectors is reduced
to one year. In Mining and Metals and in Electricity, the three years
gestation lags are kept. In all rvemaining sectors the lag is reduced to

two years., These matrices are shown in Table 3-14 as the "Alternative Lag
Proportion Matrices,"

3.3.5 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 matrix. 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
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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 cass,
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-competitive 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 Group's input-output matrix and used as non-competitive
import coefficients., Table 3-15 lists these coefficients by scctor.

As noted previously, ceilings are set in the modsls on the use in
each sector of the forsign exchange left over after the satisfaction of
non-competitive import needs. These ceilings are in the form of ratios of
uncommitted foreign exchanpe. The ratios are bassd on the import informa-
tion in the 1,5.7. aad Intev-industry (roup input-output tables with some
adjustments based on guesses as to the sectors in which government policy
would be more oy less resirictive in permitting import substitution for
domestic producticn, These ratios avz also shown in Table 3-15.
tion aspect of the Fourth Plan Targets. Sectoral projections of imports
for 1965-66 and 1970-71 are also given. lHowever, this information is not
sufficient to penerate the non-competitive import coefficients that are
presumed for 1970-71, In some solutions to investipate the effects of
import substitution the non-competitive import coefficients are reduced
from year to year. The cosfficients assumed for this purpose are shown

in Table 3-10.
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3.4 Demand Nata

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-tem models., Given such 1ife 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 vo the start of the plan period, The problem is thus transformed
into one of estimating investiment during the early post war years for
which relatively little statistical information exists.

An estinate of depreciating canital is made as follows.

(1) Lifetimes of twenty-five and thirty-three years are assumed
for equipnment and construction respectively.

(2) We assume Further that prior to 1951 a steady state prevailed in
which all extonsive mapnitudes grow at the same rate of 1.5% per annum,
the rate of prowth of population, Then depreciating capital in t, D(t)
is given by

(L) = r;@60‘,0151:

(3) The Central Statistical Organisation has estimated that in
1948-49 total replacement was Rs. 611.0 crores in current prices. This
has to be converted to 1959-60 prices. For this we have the C.S.0.
estimates in current prices of gross investments in 1948-49 in ths form
of constriiction and in equipment at Rs, 755.0 crores and at Rs. 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,

~.015(33)

Construction component of replacement in 1948-49  755e 1,5

Equipment component of replacement in 1948-49 403e--015(20) ~ ¢ ¢

Price indices for 1948-49 (1659-60 = 100) for construction and for equipmer
are 86.8 and 72,1 respectively, Then the 1948-49 replacement in 1959-60

prices is

M= (611,0) (1.5)(,?gog)+ (=721) - 755.0 Rs. Crores

Assuning that all depreciated capital was replaced in 1948-49 we have

Db)= Ré)= 755,0 Rs, Crorves. Then

0.015¢
D(t) = 755€ t=0 in 1948-49

The overall levels from this formula checked reasonably well with
aggregate depreciation estimated by the Central Statistical Organisation
of the Covzrnment of Indin for various years] and with other order of
magnitude calculations in which we assumed steady states with different
life spans and savinps rates,

Replacement requirements by sectors have been estimated by Vinod
Prakash for the decude of 1961m71n2 However replacements in a number of
sectors including, railways, roads and housing are not given by Prakash
and have boen separately estimated by us, This sectoral distribution of

depreciated capital is assumed unchanged from year to year for the Third

1 Estimates of fross Capital Formation in India for 1948-49 to 1960-61,
New Delhi, 1961.

2 "Studies in the Structure of the Indian Economy," Report No., 1, M.I.T.
Center for International Studies, July 28, 1964,
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and the Fourth Plan periods. The depreciated capital is shown in Table
3.17. The corresponding matrix of nroportions r is gpiven in Table 3-17.

Table 3-19 shows the natrices r', r and r'" which are obtained from lag

roguirsnents similar to those of p', p' and p''.

3.4.2 Lxports

For the Third Plan period exporis are projected assuming constant
sectoral corposition from the 1960-61 levels using a sinple annual prowth
rate. These prejections are piven in Table 3.20

Fstimates of exports are piven i".ﬂﬂf?ﬁ_SDmBE£§DESlive of Develop

B

ment , India for 1965-5¢, 1970 71 and 1978 7¢ Assuniac oconstant vearly
rate of prowth and the same composition of exports es thav in the year

1970-71. the yearly vectors of exnort: ave ohtained for 1905 1571 These

are pivan in Tabie 3-21

34 % Covernment
e poverment sector in the plaaning nodels 13 assomed (o consist
entirely of "public consuupticn® sou that resources deliverad {ov this

purpose Jdo not contribute to nroductive capacity nor act as intermediate

inpuis Lo sreducing sectors

ror the Thire Plan peviod pavernaeo ¢ expenditures are nrojectod by
means of an assuned esowth vate of 4% which is used to eaxtrmelate the
sectorn} levals of povernnent de2nand presented n the T S 1 rable
Thls sectocri worposiizan 15 0iso anpiied 1o whis projoctions of apprepaie
givernnent expenditure made in the ? P D, Hotes i 2rder 1o obtoin

estomates for the Fourth Plan pericd Thess sstimples are

siowr in Tahlgs

3-22 .nd 3.23.
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3,4.4 Consumgtion

The models require specification of the proportions in which the
total consumer budget is allocated among the output of the producing
sectors. Tha exogenous specification of the initial and subsequent
consumption proportions are based on the I.5.I. table for 1960-61. These

proportions are shown in Table 3-24,

3.4,5 Net Foreign Capital Inflow

For mest of the solutions net annual capital inflows are set at
Rs.500 crores and the consequence of changes in availability are analyzed
in alternative solutions. As noted above the allotment of foreign aid
on an annual basis will lead to different results than specification of
a total anount to be avemilable over the entire plan in whatever annual

pattern dasired.

3.4,6 Initial and Terminal Capital Stocks

The endowments of capital stocks with which the Plan period starts
are initinlly the only productive resources available., These endowments
are the results of events in the pre-Plan period and exogenous to the
Plan itself. Likewise, the amounts of uncompleted capital, whose con-
struction was stavted prior to the Plan period with a view to completion
during the Plan, are exogenous. These endowments of completed and un-
completed capital are the means by which events in the planning period are
related to events in the praceding 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 the position of the planners and, there-
fore, also rely only on data for the pre-plan period in setting initial
conditions. However, since we do not have detailed empirical information
with which to estimate the initial capacities and capital goods in process
at the outset of the Third and Fourth Plans, a somewhat arbitrary pro-
cedure is adopted to overcome this obstacle, The initial conditions are
projected using the output levels in the pre-plan year, X(0), and the
sectoral prowth 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 respesct to capital-in-process it is thus assumed that enough is
created in the pre-plan years to maintain the sectoral growth rates pro-
jectad 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 cupital 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. lowever, 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 operating efficiency as
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persoanel become more skilled. Where new projects are a substantial
fraction of the total capital as in the Indian steel industry, this can
be quantitatively quite important. At this point in the model develop-
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.
input-output Table 3-2 are taken from estimates by M. R, Salujan1 The
targsts for Housing and Others and Margins were projected separately.
The targets for all thirty-two sectors are shown in Table 3-25. Table
3-26 lists the output levels, X(0), and the growth rates, o, and CKT,
which are used in the model solutions for the Third Plan period.

The pre-plan and target output levels for the Fourth Plan period
are estimated from the P,P,D., Notes. In these Notes sectoral output
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
gectors. It will be seen that the character of the Fourth Plan Target
Model solutions is to some extent dopendent on the manner in which this
is done and two alternatives ore provided. In both cases it is assumed,

for lack of any other basis on which to proceed, that in each industry

1 Studies in the Structure of the Indian Economy, Report No. 5, "Methods

and Sources for Output Levels, 1960-61 and 1965-66."
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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 yeaxr for which compro-
hensive data were available.

The P.P.D,, Notes also provide sectoral output levels for 1960-61
for the "organized" part of sach sector. From these and the output levels
for 1960.61 of Table 3-3, coverage adjustment ratios are obtained which
are then applied to the P.P.D., Notes sectoral output levels of 1965-66
and 1970.71, This implies, of course, that output in both parts of each
sector has grown at the same rate, This is a patently unsatisfactory
method but no alternative procedure svailable 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 agpregated to
the eloven sectors in which most of the solutions are calculated. It was
brought to our attention that this disaggregaticn may give a dispro-
portionately large influence to the unorpanized part of the fastest
growing orponized 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.P.D., Notes 1970-71 output
levels with the adjustments for coverage made as doscribed above. Once
again adjustments are made on thirty-two sector ﬁnsis as well as on
sleven 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 projsct the capital stocks and the
capital-in-process at the beginning of the Fourth Plan period on the
samp 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 P.P.D., Notes specify growth rates for the
Fifth Plan period which, however, sre lower in all sectors than the pro-
jected Fourth Plan growth rates. Again, solutions were calculated for
two versions: with the intra-Fourth Plan growth rates projected for the
post~terminal period and with the Fifth Plan growth rates of the P.P.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

comparad to the Fourth Plan. Consequently, for most rumswe 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 teclmiques to a@ssist
in making economic policy. We shall attempt to draw some practical in-
sights from the model solutions and expect that others will evaluats 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 esxactly 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-cutput and inventory coefficients would appear to fall into the
first category which would also include estimates of initial productive
capacities. Consumption proportions are examples of the second category,
while policy quantities and parameters would include plan targets and
post-terminal consumption prowth rates, net foreign capital inflows and,
to some extent, import coefficients. Import coefficients, however, are to
some extent, technically determined but not uniquely so as they respond to
market forces and divect 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 povernment policies
working outside the market, as for example, those policies which determine
the size of new plants in a particular sector by means 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 activities,
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These considerations as well as the more obvious limitations of
our sources contributs to the uncertainty as to whether we have been able
to establish the "true values" of the (‘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 poiicyn
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 bybno mpans all of the uncertainty could be dispelled by
closer contact with cata sources and improved data gathering, collection
and processing,

One of the featurass of the models is that they require explicit
attention to many empirical issues which are not raised by other planning
methods and in this sense their demands fcr data are greater than those
of less detailed planning procedures. We regard this as a virtue rather
than a weakness since in India there are actually, or potentially,
reasonably satis{actory means of satisfving mest of the data requirements.
Yot bscause of these enlarged data requirements we have not been able to
roly on a single Indian source in developing ths necessary information
nor even, in most cases, to use a set of information from a single source
without augmenting or modifying it. A brief vreview wili emphasize this
aspect of the data preparation and assist in a summary judgmeat as to
the strengths and weaknesses of the smpirical procedures.

The a, b and v matrices were for the wost part based on recent
Indian estimates. The a matrix was modified to isolate &

Housing sector and aggregated. The b and p matrices were augmented
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to provide information for these additional sectors and agriculturé 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

becn 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 t¢o be at the low end of the
range with some possible exceptions where alternatives are investigated
explicitly. The distribution of the agpregate s coefficients was based
en the input-ouvgput table, This proceduro is plausible but not founded
on empirical study.

Likewise the lag proportion matrices ars based on a plausible
assumption and some quite gensvralized knowledge but no specific study and
again the consoquences of alternative assumptions are investigated.

The import coefficients were based on the 1.8.G. matrix mentioned
earlier but modified on the basis of rouph judgmwents as to the degree to
which additional imports would be accepted in particular sectors.

Depreciation was projectad by means of rough calculations using
macro data for India.

Exports and government consumption were simply extrapolations of
past levels and growth rates,

Consumption proportions were based on the modified I1.S5.I. table.
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The prs-plan output levels were taken from Indian data but to
cbtain infitial 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 output levels had to be computed from incomplete data and
were, therefore, adjusted for coverage. The adjustment procedure is uni-
form for all sactors and a rough approximation at best.

There are many places in which judgment was nscessary as to
current and future plausibility of the numbers. In general we attempted
to make these judgments in the Jdirection which would favor Indian economic
growth opportunities as revealed by the solutions without being implausibly
optimistic. Obviously this background of the data supgests great need for
caution in interpreting results which we shall try to observe and which

we recommend to the reader.



CHAPTER 4

TARGET AND TRANSIT MODEL SOLUTIONS
FOR THIRD AND FOURTH 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
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The preoccupation of policy-makers with short-tem 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 sconomic 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 judpe the results of schemes which do not involve long time lags.
Fluctuations in agricultural output due to natural cnuses 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.
Altogsther 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 doss 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 interrslation-
ships betwesn 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-
ternm 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
parametsrs 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
sssistance. 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.
Howsver, the caveat must be registered again that these are not necessarily

the criteria and constraints implicit in the Plans themselves.

4,1 Tarpet 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 ISI input output

table and for the sleven-sactor 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 ava 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 relative emphasis has been based on
several related arpuments. Capital is necessary to provide the means

with which to increas:. output in the consumer goods sectors and the well..
known accelerator affect 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. With 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
industriss in order to reduce the country's reliance on foreign aid.

A five year model can provide only a limjited test of a long run
rationale, Such a test may nonetheless bs 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 met, 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, he 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
exanple, attempts to find solutions to the Targst 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 altersd 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 Targst Model solutions. This
test is both economically important and relatively straightforward. There
are othar tests, such as availability of managerial skills, which may be
equally important but, partly because they cannot be so easily quantified,they

ars mors subtle and difficult to judge and will not Le dealt with here,
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In order to pressnt the results in an expeditious manner much of
the discussion will be conducted in terms of a Reference Solution. To
- explors altematives the parameters of the Reference Solution are usually
varied one at n time, The 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 tﬁo operation
of the model. In the following full details of the solutions ars 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

The assumptions for the Reference Solution as to parameters and
exogenous requirements are as follows:

(1) The technical coefficient matrices o, b, s, p', p", p"', o', "
and "' 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 B, G and D are exogenously specified at the
levels shown in tables of Chapter 3,

(4) Net foreign capital inflow is fixed at a constant valus of
Rs. 500.0 crores per year.

(5) The discount rate w for consumption is fixed at 0.10, i,s.,

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, Efﬁj in restraints (2.01) of Table 2-3 is sat at
zero. This permits the optimisation procedure to reduce C(1), the lsvel
of consumption in the first period, as necessary to meet the consumption
growth constraint of later ysars. 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
tochnical 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
requiroes a political evaluation of the result,

(7) The initial outputs X(0), 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, sven with & maximand reduced to zero, i.e. with absolutsly 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 Qorid
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 Tarpets. In a solution to the model, however, the
éonstraints nust 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, Exper@ments
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 were 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 an infeasible solution. The solution which will
be used as a Reference Solution is obzained 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 tarpgets. The particular chanpges in parameters are
described when the results of the various muns are presented in Section
4,1.3,

In solutions with 96% level of targets the growth rates cgo for
estimating initial capacity and initial capital in process are still those
from Table 3-26 and corrospond to the 100% level of targets. However, for
projecting post-taxminal capital requirements, the growth rates used in
these solutions always corrgspond to X(0) and the particular level of

targets X(5) in the solution.



4-8

4.1.2 The Reference Solution for the Third Plan

A conplete description of the Reference Solution is given in Tables
41 through 4-50." These indicate the kind of detailed information that is
obtained and will be used to describe the detailsd operation of the model,
‘The comments on this solution in this section are intended only to under=
score some¢ of the more interesting points. Evaluution 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 unknowns of the model, pross
domestic outputs, X(t), for t = 1 to 5; competitive imports M"(t), t = 1 to 5;
evailable capital stocks K(t), t = 2 to 5; restored capacity R(t), t = 2 to 8;
new capital 2(t), t = 1 to 8; and aggregate private consummation C(t),

t = 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 in Table 4-1. As would be expected from the targets, the fastest
growing sectors are nearly always the capital goods sectors and .heir
major suppliers. Agriculturs and Food and Clothing and Housing, the major
consumsr 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. The growth ratss 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 mdy be internally inconsistent, for the sixth year. The
growth rates for the sixth and seventh years are the post-terminal growth

rates O, implied by x(5) and x(0), Since the output of Housing is ussd

T
only for private consumption, it grows at the same rate as aggregate privsote
consumption. The gudden 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 ir this sector at the 1960.61 proportion of the sum of the
fross d?mestic outputs tarpgets in the remaining sectors. Since Others and
Margin,;:riwarily a consumption sector, the same proportion in 1966-67 as

in 1960-€1 may be inappropriate as the proportion of investment goods and
consumer foods in the economy change over the yvears.

Fhe shandow prices of outputs which indicate the value to the maximand
of ar additional unit of output are shown in Table 4-2, These are the
shalow prices associated with the distribution relations. The shadow
prices of vurput help indicate the priorities in resource allocations
vhich are taking place. The highest shadow prices and, therefore, the
greatest stringencies are, for the most part, in the capital forming sectors,
Censtruction and Equipment and in their major supplying sector, Mining and
lletals, and Cement and Non-Metals. The shadow prices in the major consumer
gcods 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 meet the targets and to satisfy the various other con-
straints., Thus the low shadow prices of consumption goods are an indica-
tion of the strains that the tarpgets and other constraints are putting on

the system. The strikingly high shadow price of Cement and Non-Mstals in

the third year is explained later.
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The ssctoral levels of private consumption in each year are shown
in Table 4-3. These levels are calculated from the fixed consumption co-
sfficients and the aggregate private consumption in each period us deter-
mined by the solution. The lsvel of private consumption in the first year
is Rs. 13050 crores which comparsd with the actual level of Rs. 12605
crores in the pre-plan year 1960-G1 is a growth of 3.5%. 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-
sumption 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
additional consumption in the third year, This might be interpreted as a
tendsncy 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 aslong 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-
hgvior of the solution, in which consumption is concentrated in the last
year, the solution would hoid down 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 investmunts must be started by the second year to mature in
the fifth year aud the maximum capital stocks in the first two years are
externally specified,

In Tsble 4-6 the excess of actual capacity over the targeted
capacity jn Construction in the sixth year indicates that even more
capacity in Construction is required in the fifth year than targeted to
meet the investment requirements in the fifth year. The capital stocks
in Apriculture and Transport sectors have reached the target levels by
the fifth year. Both these capacities are fully required to meet the
demand for Agriculture and Transport in the fifth year and there are no
1dle 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 aggpregate private consumption is to grow and if imports in
agriculture sector are not increased. If the level of investaent 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 Motals and Cement and Non-Metals are fully utilized
in the first year. The distributicn 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, ars geared primarily to the production of consumer goods,
Capital in the Mining and Metals, Equipment and Construction sectors
account for only 8.8% of the total endowment. By the end of the Plan
period these sectors were intended to account for over 14% of the total
cnpacitycl This change in composition requirss 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 appsars to he wasteful., The reason why
this capacity could not be used in producing more corsumption is because
the consumption growth ¢onstraint would in turn requirz a higher level of
consumption in the third yvear. As explained above more zonsumption in the
third ysar could not be provided while at the same time producing the in.
vestment required to realize the iargetsc The third year bottleneck cannot
be broken because the maximum capital stocks in that year axe 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 for invest.
ment either. The lag structure of investment is rigid and requizes that

investment in ench sector be made in three successive years. Since the

1 Since the plan targets wers 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. tlowever, 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 wmors construction capacity could
have been provided in the third year., This would have then made 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 2’
matrix that the production of Constructicn needs Cement and Non-Metals
as current input. But additional output of Cement and Non-Metals could
not be provided since there is no excess capital in Cement and Non-Metals
sector. This also explains vhy thoe shadow price of Cement and Non-Metals
is so high in the third ysar, 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 explanation. Why not divert in
the third year one unit of Cement and Non-Metals fron consumption to the
use as an input to the Construction sector? If this ware done fixed
consumption coefficients would require that about 200 umits of agpregate
consumption would have to be sacrificed before one unit of Cement and
Non-Maetals would become available., Ilowever, 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.Metals in the tlird y=zar.
The above tale with its plot and sub=-plois demonstrates the inter-
play of many assumptions and forces within the model. It underlines {or

exanple the effects of the assumption of three year lags in rigid sequence
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and shows how the whole solution is affected by this assumption. This
assumption in turn would not be so critical as is shown beiow, had there
been lower targets oxr 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 goods sectors, Construction, Equipment, and their major
supplios, Cement and Non-Metals and Mining and Metals sector, only Mining
and Metals has a large increment in capacity in the sixth ysar. Unless
an increase in the demand for Mining and Metals is envisioned sither due
to changes in production or consumption coefficisnts or due to increase
in exports or decroase in imports, excess capacity would result in this
sector in the sixth year. However, it should be noted that in the
Reference Solutions 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-plan 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



4-15

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 capacitioas
exist in the first four ysars ond 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. The solution prefers this
cheaper means of creating capital capacity than to abandon this part of
the initial endowment and begin completely new capital later, This also
explains why capital in Housing is created in the second and third years
sven though there is excess capacity in Housing 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
nunber of sectors because it could not be completed due to the shortage
of Cement and other Non-Metals. This is seen in Table 4-0 where many
sactors have ratios 1lsss than one for the third vear. 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 performance of
the system would be 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 differsnce 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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is zero, as it is when it is not used, the shadow prices of that capital
romain constant. In the sixth year, i.e. 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 tarpeted 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 zere value to the objoctive 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 and the ratios
of restorsd capacity to depreciated capacity, A ratio other than 1.0 in-
dicates decumulation of capital. However, the zeros in Transportation
and llousing 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
and in Electricity in the fourth year. For the eighth year zexoss do not
indicate decumuiation 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 undepreciated component left, the non-zero price corresponds to

the price of new capital,

In 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
and 4-18, The so-called "non-competitive"” imports it will be recalled are
tied to the level of output in the sectors in which they exist. The total
amount of imports is limited to the sum of the exports and net capital
inflow, including sconomic 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 increases,

The non-competitive import coefficisnts are assumed constant through-
out the plan period. The neglect of import substitution programs could
hold down the lovels of domestic production below what is otherwise
feasible. This however, has not happened 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
pafiods in spite of the greater stringency of resources in the first
periods.1 This is because the competitive import ceilings force the alloca-
tion of foreign exchange to sectors which in early years have lower shadow
prices, Purthermore, 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 compstitive 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 compstitive 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 Agriculturs
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

1 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 con-
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-Metals 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-Metals is .02 and so 50 units of
foreign exchange on the right hand side of its competitive import ceiling
are required to have one unit of Cement and Non-Metals, From Table 4.19
the price for the constraint on Cement and Non-Metals is 2.34007 and the
value of the 50 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 roesources in
each period: the intermediats 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 ths 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, Since government oxpenditure 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 understated and fixed invest-
ments are overstated. The net national product is also overstated by
the same amount.

The total investment rsquirements 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 crores for fixed
investment. This estimate of total investment depends on the capital co-
efficients, inventory coefficients, initial and terminal capital and capital
in process. It would change if any of these changes. It is not dependent
on the assumptions of any particular lag structure, or of any particular
composition of private consumption, or on the assumption of the fixed
composition of consumption. The estimate of investment requirements for
the Third Plan targets in the official documents on a nex basis is Rs,
10400 crores of which Rs. 9600 crores were for fixed and Rs. 800 cr;;es
were for inventory investment,

The domestic savings ratios in Tahle 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 besn the focus

of considerable discussion. We shall return to this issue again below.
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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 altemative constraints,
As pointed out previously, not all of the social and economic policy
objsctives 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 thgsa parameters. All the parameters are
always subject to errors of estiﬁation and this is also true of the initial
conditions. In addition some of these quantities are subject to policy
influences, and ars therefore, to some extent,a matter of choice. So the
serisitivity 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.

Tabls 4-51 shows some of the major magnitudes obtained from the
Taird 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
yat no feasible solution with the full Third Plan targets could be found,
Infeasibility of solution with 100% of the Third Plan targets means that

thers is simply not enough capacity to create the additional capital
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required even if the composite consumption is reduced to zero. With

three year investment lags the maximum capacities in all the sectors are
prescribed for the first three years by the initial conditions. Moreover,
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 pestation lags and other constraints, feasibility
is solely determined by the initial conditions of capacity and capital in
process., Though our owr estimates of initial conditions are conjectural,
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 nfficiency of implementation, A solution with shorter
investment gestation lags helps in evaluating the significance of such

an improvement,

In solution T-5 the set of shorter investment gestation lags shown
in Tabie 3-l14are used along with lower capital and inventory coefficients.
In +his case a solution was obtained with undiscounted consumption of Rs.
71832 crorss. The performance of solution T-5 is striking when compared
with the infeasibility of the prior solutions. In this case the most
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-
Metals to two years, In these sectors as a result there is a wider range
of capacities which can be achieved by the end of the Plan period, Further-
more, in the sectors with a two year gestation lag, new investments may be
started as late as the third year in order for them to mature in time for
production in the fifth year. Not only can bottlenecks be broken more

quickly but also substantial additional consumption can be created. The
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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 ysar than the private consumption in the
Reference Solution. The additional freedom provided by the shorter
gestation lags is effective in eliminating the bottlenecks earlier than
in the Reference Solution. Idle capacities are ;educed 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

sany 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 amcunts limited
only by availability of other non-producible rssources. Associated with
sach particular set of investment 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 pestation lags become crucial only when the
stipulated target stocks are close to this feasible surface. The qusestion
of technical feasibility of a set of plan targets is procisely this: are
the targets within this particular feasible region or not?
Solution T-6 with 96% of Third Plan Tarpets is the 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 wodel solutions to social discount rates over
this range. Thers are two sets of influences contributing to this result,
Pirst, 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
the critical discount rate, which was beyond 20%, Since the optimal pro-
gram is the same for discount rates of 0,0% and 10.0% and differs by only
ono 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 tho solution so constrained by initial and terminal
conditions that there is little scope for the discount rate to have an

sffect.

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
capitsl in the second year that is present in all sectors in the Reference
Solution, This happens since it is now possibls to provide some additional
consumption in the first and the second year without having to provide
even more of it in the third year. lowever, 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 aggrepgate consumption provides
roughly a 2,5% annual increase in per capita consumption. Imposing this
requirement in Solution T-10 reduces ths value of the maximand since the

solution can meet the constraint only by lowering the initial level of



4425

consumpticn. The growth constraint now becomes binding for the last fou :
years.1 Private consumptioﬁ 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-Motals which ars 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-11, 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 asbout Rs, 22.0 crores. An additional unit of capital in the first

1 Since C(0) = 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 Refersnce 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 maximand in Solution T-11 is 58550 -
57828 » 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-Metals 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 Refersnce 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 solution, Yet it should be re~
membered that no matter what, one is alweys 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 Indis with a variety of technologies, initial
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- capacity in Construction is increased by 5% 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 par cent. As a result the
total available private consumption increases by ahout 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 valus of the maximand. 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 poods sectors.

The initial availabilities are reduced by 10% in case T-14 and no
feasible solution can be found with the 96% lavel of targets.

In Target Solutions T-15 to T-18 capital-output ratios in the
Agriculture and Plantations 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 Housing
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depends on the character of the Housing created as well as construction
methods used.

In Solution T-15, the capital-output ratio in Agriculture is increased
to 2.5 from 1,51. This requires additional investment of about 1500 Rs,
crores in order to meet the Third Plan tarpets. No feasible solution
can be found for this case,

Next the capitaleoutput ratio in Agriculture and Plantations is re-
duced to l.O.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 brasks 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-
Mstals 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 lowsred
capital-output ratio in Agriculture, which in tumn reduces the strain on
Cements and Non-Metals. Omce the bottleneck is broken, the solution has
enough productive capacity to provide even more capacity in Agricultura
than is targeted because the objective is increased by doing so.

The capital-output ratio in the lousing 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 considersd as raflecting the uncertainty of estimating
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the value and quality of housing and consequently of estimating the
capital-output ratio. Moreover llousing is a service whose consumption
might as & 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
Housing has the same effact,l 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 ysars. The highest shadow
price is now that of Cement and Non-Metals in the third year and is 10.71.

In solution T~18 the capital-output ratios in Housing and in Agri-
culture ars 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 same 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

1 Excepting for the difference in intermediate goods requirements, which
are small for llousing.
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makes the reduction in demand for inventoriss of Agriculture especially
valusble. Therefore, 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 consumption. The shorter gestation lags give enough
freedom for the solution to virtually eliminate idie 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 imimportant 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 lowsr demand for investment goods, which results from the lower

capital-output ratios for the output of capital producing sectors, is



4-31

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
increase of Rs, 625 crores for the plan period, the sum of undiscountad
private consumption increases by Rs. 1624 crores. Thus the productivity
of foreign aid seems to be 1624/625 = 2.6, lowever, 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 idls capacities that exis® in the Reference Solution to be
utilized, However, part of these idle capacities may be tie result of
assunptions 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 constrained 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 forsign exchange balance constraints for
the first three years are higher than the corresponding prices in the
Refersnce Solution. This curious behaviour is the ressult of the fact
that the shadow prices reflect only the value of rslaxing one constraint
at a time. However, 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 increased by Rs.
500 crores a year to Rs. 1000 crores per year and as a result the private
consumption over five years increases by Rs. 3037 crores. Coupared 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 compstitive 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 degres
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 effaects of reduction in the inflow of foreipgn exchange is much
more dramatic as is seen in solutjon T-25 where foreign exchange inflow

is at Rs, 375 crorss 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 bigper stick than it is a carrot; when withdrawm, 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,
Agriculture, llousing and Others and Margin, in the first four years. In
the real world where consumption and input jproportions are not so rigidly
fixed at least some of these idle capacities would have been ussed to
generate additional consumption. llowever, the fact of these idle
capacitiss is suppestive, 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 mnke their proportionate contribution to the
composite consumption good.

Solution T-27 shows an addition of Rs. 1676 crorss in private
consumption over the Reference Solution due to the elimination of ceilings
on competitive 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 ond in the fourth and the fifth years
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they are completely eliminated. Yet it doss 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 ievel of targets.

In solution T~28 the ceilings on competitive imports are xemoved
and a level of foreign capital inflow of Rs, 1000 crores per year is
assumed, The idle capital in this case is greatly reduced as it is no
longer necessary to adjust capacities to imports but instead compstitive
imports at least can be adjusted to capacity. The additional private
consunption 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 varisd, 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 Rs. 91 crores in private consumption occurs.
In solution T-30 for a relative rise in exports of Rs, 76 crores an in-
croase of Rs. 127 crores in private consumption takes place. Even though

_producing additional exports requires domestic resources, the foreign
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exchange samed is more valuable in terms of the objective function,

This means that the domestic resources used for exports in fixed pro-

portions are less valusble than the imports which are increassd in not
quite so fixed proportions.

Bstimates made in 1964 are available in the P.P.D., Notes of the
leveis of output which appsared 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 TL33. 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
thoss made necessary by the conflict with China in 1962. For this reason,
if no other, one woﬁld 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 cosfficients are used. The level of private consumption and the
gross national product in the first year are S per cent and 5.5 per cent
above the respective levels in the year 1960-61. The level of private
consunption and the gross national product in the fifth year are sliphtly
higher than estimated in the P.P.D. Notes, The gross savings rate in
1961-62 at ,1308 is only slightly higher than in 1960-61 at .12/0 implied
in the I.S.1. input-output tablo, Table 3-2.

The total investment in the five years is Rs, 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-
mhtédrlofel 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 investmont is also higher
than the actual investment achieved during the Third Plan period which has
been estimated at around Rs, 9500 crores., The higher rate of investment
in the Target Modsl Solution to achieve a lowsr level of targets may be
due to ary 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 achisve 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 adjuztments tended to over-
gtate each onp of thess 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 eérly 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
mors to error in the total investment calculation.

(2) The investment calculated in the solutiop 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 wers used in a

solution trial even more private consumption could be provided than in



4-37

solution T-31. That would bring the value of the maximand even further
sbove that actually achieved, but, as pointed out, the lower actual levsl
of achievenent can be explained by the rslative 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 projoctions., The "facts" themselves contain elements of
conjecturs, and the P.P,D. output and investment estimatss 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 P.P.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 lowsr 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 bs summarized as follows:
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A, The Third Plan targets were technically feasible if
(1) the "shorter" investment lags prevailed,
and if (ii) the "lower" capital coefficients and the "lower"
inventoxy coefficients provailed,
and if (1ii) all other coefficients, parameters and exogenous
quantities used are reliable representations of
roality.
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 quantities whose significance might be overlooksd in
the customary concern with capital-output ratios and gestation lags are
the initial endowments, the capacities and amounts of capital-in-process,
It will be recalled that to establish these we assumed that the outputs of
the pree-plan year, i.e. 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



4-39

related to the phasing of successive Plans. If, in those sectors which
wers 'bottlenscks" in the solutions, thers were usable 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 ugain depend on the other coefficients and
parameters assumed,

The data available to us do not peimit a more definitive judgment
on these issues. It is worth noting, however, that, if our assumptions as
to initial conditions are warranted, then 25 per cent of the total net in-
vestment progranmmed duriag the Second Plan would have been for the purpose
of creating capacity which vould have been used only during the Third Plan.
Based on this and move general and intuitive impressions we believe that
our srrors with rsspyect to initial conditions have been in the direction
of over. rather than under-estimation.

Bven if tne issue of technical feasibility is decided favorably,
all the problens of operational feasibility remain. We shall not enter
here on questions of the adequacy of the organizational structure to
implement the plan or the availability of the required skills of all types.
Though ws smphasize their importance in a comprshensive 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 realize the targsts.

Table 4-53 sﬁmmarizes four estimates of total investment requirements..
Shova 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 estinate 6f roplacement requirementéal

The second estimate in Table 4-53 applies a conventional technique
of multiplying projectad increments in output in each sector by a sectoral
capitalooutput ratio and summing. This appoars to have been a commonly
used procedure in preparing the Indian Plans. Line 2.1 is the conventional
capital-output ratio calculation of investment requirements. It contains
an adjustment to obtain the invastment requirement for the actual plan
period, First the capacity on hand at the beginning of the plan period
was greater than that which produced the output levels of the pre-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
tﬁe output levels, Lines 2.2 and 2.3 add the nat investment in fixed
capital in process during the plan in order to calculate total net investe-
ment in fixed capital, With the inventory investment calculated in line

2.5 it adds up to total net investment in line 2.6. When replacement is

added the total gross investment is given in line 2,8.

1 An estimate of Rs, 150 crores was made for the industrial sector as a
whole as a projection of tho replacement carried ocut in the Second Five
Year Plan period. tHowever, this was admittedly less than the replacement
requirements estimatad for ths 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 likely achievemsnt estimates. It can
be seen that these estimates ars 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 sclutions replacements
ars somotimes not made whereas on line 2.7 they are all assumed to bs made,
However, the model solutions provide ccmplete details on the sectoral
anounts, 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 pemit 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 rﬁscurces to producing even more in-
vestmant than stipulated by the targets in order to increase consumption
goods output, In addition the solution to the Target Model might call
for mors investment than a simple incremental calculation such as that of
1ine 2,3 in Table 4-53 would indicate if the sectoral composition of the

targets is “imbalanced." That is, the targets may stipulate a level of
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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.
liowsver, the overachievement in Construction is quite small.

The second and third sets of estimates in Table 4.53 show investment
requirsments which are higher for the 96% level of targets, than the planned
investment for the 100% level of targets. The differences may arise due to
discrepaincies in any of the elements in the computations., We have mentioned
the problems in ostimating initial conditions. There are similar problems
in estimating terminal conditions, The Plan calculations may have used
differont capital coefficients and this in tum 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 tha P.P.D, estimates of 1965-66 likely outputs as targets. The
1960-61 gross savings rate in the I.S5.1. input-output table, Table 3-2,
is 12.8% Net savings-income rate for the period 1961-63 is estimated
by the Reserve Bank® at 9.5%, llowever the P.P.D. Notes pive for 1960-61
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 enhsaced appreciation of the difficulties of coming to

judgments about a v lan when complete specifications are not available and

1 See Reserve Bank of India Bulletin, March, 1965, p. 327.
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the facts themselves ars debatable. Though the Target Model calculations
raise doubts as to the technical and opsrational feasibility of the Third

Plan targets we would stress again the tentative character of the results,

4,3 Tarpet Hodel Solutions for a Set of Proposed Fourth Plan Targei:s

4.3.1 Assumptions for the Tourth Plan Tarpet Solutionsg

A set of targets for the Fourth Five Year Plan were proposed by the
Porspsctive Planning Division of the Indian Planning Commission in Notes

on Perspective of Development, India: 1960-61 to 1975~76¢1' 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 sot of proposed Fourth
Plan targets which were published thch is sufficiently comprshensive to
form a basis for analysisa2

The analysis of the Fourth Plan Targets proceeds along lines
similar o 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 Third Plan, however, as
neither the initial conditions nor temminal targets can be as ilrnly speci-
fied, Moust 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 yostpoued and pre-
sumably in ‘hese changed circumstances the targets in the Notes would no
longar be recommendsd for the Fourth Plan. The Fourth Plan Period referrsd
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 due to lack of information to obtain a more complete
coverage consistent with the input-output matrix. This adjustment is
carried out on an slsven-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.

It will again be convenient to conduct the exposition in terms of
a Pourth 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”, ', ',
™ and ¢ are assumed constant throughout the plan period and are those
presented in Chapter 3 as the reference values.

(2) The consumption coefficient c(t), non-competitive import co-
efficients m' and competitive import ceilings m" are also assumed constant
throughout the plan period,

(3) Requirements of E, G 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 crorses per year.

(5) A social discount rate of 10% is used for private consumption

in the objective function. i.e. w = 0.10,
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(6) The winimum growth rate of consumption p(t) is set at ,025
(i.e. 2,.5%) for all the pariods. However, ETBS is set at zero,
(7) The initial output X(0) and the terminal year output X(5) are

the P,P.D. Notes 1965-66 and 1970.71 estimates adjusted for coverage on

—eman

1
the eleven-sector basis from Table 3-26, The initial and terminal growth

rates are the implied growth rates betwesn these X(0) and X(5).

Once again it is pointed out that the Reference Solution should not
be considersd 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 P,.P.D,

Notes,

4,3,2 The Reference Solution

A feasible solution was obtained for the Fourth Plan targets and
parameters as describsd 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 ysars
from 1966-67 through 1970-71 is Rs. 80311 crores and the sum of discounted
consumption is Rs, 66664 crores. The P.P.D. 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 ysar, 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 above, 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 racognizing 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 yesar of the plan. In this year as
shown in Table 4.71 there are no competitive imports bescause all the foreign
exchange available is requirsd for non-compstitive imports which ars 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
P.P.D, Notes wers 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 roeturn 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 thé 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
oxcess capacitiss in all the ssctors 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 yoar 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 sectors 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 de-
cumulation in Housing, and Other and Margin in these periods and in Mining
and Matals, 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 mors 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 ysar 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 yesar would
have made it possible to start additional investment to mature at the be-
ginning of the fifth yoar 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
sscond yoar 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 additional investments in the fifth year. Neither can be provided
dus to the foreign exchange limitation.

The idle capacities in the first and ths second year cannot be used
to generate additional investment due to the shortago 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
Bquipment 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 oither of these in the third year
would mean that the domestic production in the third year can be lowered by
one unit., This in turn reduces the required investment for .inventories in
the second year releasing Mining and Metals for other uses, Other sectors
with high requirements of Mining and Metals for inventories also show high
shadow prices in ths third year,

The high shadow prices for the outputs of the Mining and Metals,
Equipment, and Chemicals sectors in the fifth year are due to the high
coafficients of non-competitive imports in these sectors. An additional
unit by lowering the domestic nroduction would release forsign exchange
which could bo diverted towards production of more consumption.

The soluticn provides more capacity in Mining and Metals than is
required by the targets. Furthermore, all this capacity is used in the
fifth ysar. This may indicate a possible shortage of Mining and Metals
in the post-terminal ysar 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
inventory stocks to be provided at the end of the plan correspond to the
target stocks of the sixth year and since the inventory stocks in the
fifth year are smallybacause 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 infitial capital in process in Table 4-62 is completed in all
the sectors except flousing in the third year. Housing has the lowest
shadow price of new capital in the third year in Table 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 Pood, Clothing and Leather, in Transport and in Construction, and the
last thres ssctors havo 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 ysar.

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 ars binding for
all the sectors as the ceilings now take the form of [m']°lM'(5)g; 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 pormittedcl

As pointed out in the praceding 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 Musrgin in the first and the second yzars are due 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 prices lead to a slight distortion in the allocation of competitive
imports in these yesars and the model solution imports Others and Margin,
Since these imports are small and would have besn otherwise allocated to
Agriculture and Plantaiion, and since there is idle capacities in both

the sectors in both the years, the offect of correcting the tolerance

would have beer 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 regquired 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 50 per cent more than the previous year. While there is no
guarantee that such full utilization would be possible it apain suggests
the importance of achieving the import substitution program of the P.P.D.
_Notes and changing the non-competitive import coefficients accordingly.
These coefficients are changed in an altemate 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 undoerstated 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 aro 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 documulated., This happens
because the initial inventories correspond to the full capacities whoreas

the solution has substantial idle capital in the first year. Howsver, 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'crores.

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 Solutions

Tho 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 bs 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 Plan context.

The first calculation is one outside the model structure in which
it is arbitrarily assumed that all the idle capacity of thas 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



4-53

rough #nd generous adjustment to offset the rigidities in the assumptions
of fixed production and consumption proportions. This amount, added to

the undiscounted consumption of Rs, 80,311 crores of the Reference Solution,
provides a total consumption of Rs. 95,811 crores which is higher than the
Rs. 90,600 crores estimated in the P.P.D. Notes.

Turning to the alternative calculations, which are shown in Table
4-74, the solution F-1.1 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 rrowth constraints
in all the years are lower in this case than thoe corresponding shadow prices
in the Refersnce Solution even though the constraints are made more stringent.
This is possible because several constraints are modified simultanecusly
and because when the consumption growth rate is changed, the constraint
planes C(tel) - (IOO'oto(t))C(t) s 0 do not move parallel to themsslves
but instead change their slopes.,

In selutions F-1,2, F-1.3, and F-1.4, 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 bottlenack in the fifth year though
aggregate consumption rises by 12%, The bottleneck is broken, however,
when net foreign capital inflow is incrsased by 50% to Rs. 750 crores per
year and there ars some competitive inmports in the fifth year in F.1.3.
Solution F-1,4 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-1.,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 ordor to investigate directly the significance of import substitu-
tion, solutions P-2.0, F=-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-2,0, 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 ysar from the second year high of 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 veriod of nearly 7% is obtained for private consumption. Solution
P-2.2 is in general sinmilar to solution F-1.4 and the difference in uadis-
counted private consumption is only Rs. 929 crores, of which Rs, 375
crores may he accounted for by difference in foreign capital inflows,
Solutions F-2,1 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-
sidorable amounts of idle capacity in these solutions which could genorate
additional consumption if the composition of private consumption and/or
input proporvions were varied. All these solutions show a high 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 necossary to meet the targets requires

more Mining and Metals then is targeted.
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In solution F-2,2 idle capital exists in all the sectors in the
fourth year and the cohsumption growth constraint is not binding between
the fourth and the fifth year. The capacities in the fourth year could
not ba used for producing addifional private consumption because the
corresponding inventories in the form of Mining and Metals could not be
produced in tho third year.

Soclution F-3.0 shows the effects of using the alternative, lower
inventory coefficients. As a result the total investment required for
fnventories decroase from Rs. 4762 crores to Rs. 3124 crores. This re-~
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, tbey are not as
significant as in the Reference Solution as indicated by the fact that
consumption growth constraint is binding orly between the fourth and the
fifth years. The shadow prices on Mining and Metals are raduced and
capacity in excess of the target amount is no longer crsated in Mining
and Metals oven though the inventory requirements in the form of Mining
and Mstals is not smaller than in the Reference Solution.

The reduction in inventory coefficients may be regarded as the
result of increased efficiency in distribution. The 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 bacause of the fixed co-

officients.
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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 easily and the solution already
reaches target capecities in four sectors by the fifth year. The shadow
price of Mining and MetnIS“is.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
objoctive function,

When the capital output ratio in Agriculture is raised to 2.5 in
solution F-5 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-3.0, 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 ysars, 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 i3 73.8 in the third year. Furthermore, more
capacity is created in Mining and Metals than is requirzd by the targets.

The solutions F-3.,0, F-4,0 and F-5.0 demonstrate the sensitivity
of the model solutions to changes in investment cozfficients and, thers-
fors, to total investment requirements., This sensitivity is accentuated
by the assumptions of fixed coefficients and compositions., However, to
ths sxtent that these coei{icients cannot be varied from year to year
without cost, these results are an indication of the straing and scarcities

that may be generated with different investment requirements,
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In solution F-6.0, as compared to F-4.0, in addition to lowering
the capital-coofficient in Agriculture, the capital-output ratio in llousing
is also reduced, This has a small affsct 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 imports arc binding in the fifth year.

Solutiens F-6,1 through F-6.5 explore the sffects of different
availgbilities of foreign exchanpe when the set of lower inventory and
capital coefficients prevail, The impor:i bottlsneck is broken in solution
F-6.2 when net foreisn capital inflow is increased to Rs. 750 crores per
year. Solution F-6.2 can bo compared with solution F-1.3 to sstimate the
effect of lower inveniory and capital coefficients when the non-competitive
import bottienecks in the last period are broken by additional foreign aid,
The private consumption goes up from Rs. 91448 in P-1 3 croves to Rs. 98€10
crores in F-6,2, an increase of Rs. 7162 crores, whereas the difference in
total investment requirements is Rs. 2897 crores.

Solution F-6.3 in which net foreign cepital inflow is doubled shows
an incroase of Rs. 974 crores in ) ivate consumption over solutiocn F-6.2
even though the additional foreign exchangc amounts io Rs. 1250 crores.
As was pointed out for the Third Plan target selutions, this is an outcome
of the compatitive import ceilings, fixed compositicn of consumption and
the lack of incentive te the model solution to provide more capacity than
called for by the tarpots. Thesc conditions lead to a waste of resources
and in the sclution in the first ysar, 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 cutput of the second period over the
first period.. This is desirable whenever the saving on inventories is
groater than the cost of producing themo1

When net foreign capital inflow is reduced to zero in F=6.5, the
targets are still feasible with the lower capital and inventory coefficients.
Non-competitive imports arse now a bottleneck to domestic production in the
sacond, third and fifth years. There ares 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-7,0 has shorter lags in addition to the lower coefficients
of solution F-6.0 and solutions F=7,1 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 F-6,0., Solution F-7.0 provides Rs. 4962 crores of

additional consumption, produces more gross national product as well as
generates more total investment.

Adjusting the P.P.D. 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 F=1.0 through F-7.0 even though the initial

capacities are higher,

1 The solution in a sense is transforming current inputs, a _x_, into
ii

inventories, sixi° s
column 8§ is greater than the corresponding element of column a5,

x; may be preferred if at least one coefficient of
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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
compared to Rs, 39170 crores in solution F-8,0, This roduction of Rs.

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

F.8,12 to Rs. 87148 in solution F-8,17,

4,4 Analysis of TFourth Plon Tarpet Solutions

el eun el et &t

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 feasibility of the latter targets involves another conjectural
step.

The solutions to the Target Model indicate that the targets are
technically feasible under a wide varisty of assumptions as to coefficients,
parameters and exogenous quantities. This suggests to us that the P, P.D.
targets themselves would be technically feasible since the adjustments made
are not uniformly, and we think not extremely, favorable or unfavorable.

The sectoral 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 coefficients are used, more capacity is
created in Mining and Metals than called for by the targets. These co-
officients which we believe to be optimistic may be much too low, at least

1
for tue industrial sectors. It would seem then that provided no excess

1 Economic Weekly, December 1965, reports that 22 large public enterprises
_ carried inventories amounting to the output of a year or more. This means
an inventory coefficient of 1,0 or mors -- closer to A. K. Sen's estimates.
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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.

Furtharmoro.}:;n-competitive import coefficients are maintained
at their 1960-61 levels imports of intermediate gvods would form a bottle-
neck in the fifth year i.e. in 1970-71 unless net foreign capital inflow
is increased in that year. The non-competitive import coefficients may
remain at their 1960-61 lsvels 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 issuss 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-/5 presents
the P.P.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 P.P.D. 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 expsrience. 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.
Yot the savings and investment rates which have actually figured in Fourth
Plan discussions are slightly less than those implied by the most optimistic
solutions, Column 4, Table 4-75. It is unlikely that the required rates
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, thersfore, of the entire plan are crucially dependent on the amount
and composition of the capital in process started in the previous plan.
If excess capacity in industry, of which there have been persistent reports,
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
P.P.D, 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 ddjusted targets still require much more investment
than projected by the P.P.D. Notes with our reference set of parameters and

cosfficients.) If these parameters can be made more favorable including,

1 yhich are not those used by the P.P.D..
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for example, achisving a lower a#fective capital-output ratio in agriculture,
the Target Model calculations of investment requirements can bs brought

into general alignment with the P.P.D. Notes sstimates. Overall, in our
judgment operational feasibility of the P.P.D. Fourth Plan output targets,
in the special sense of consisten.y 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 Model 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 snter the plan explicitly due to gestation lags
it cannot provide for changing the composition of consumption except in a
predstermined manner or for varying its rate of growth., As in the Target
Model, the targets enter the system as constraints rather than 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 constraints and beyond that no weight at all. Though
this limitation might be overcome by repeated trials with different terminal
conditions, the shortness of the period over which optimal adjustment can
occur remains a major deficiency which is corrected only in the long term,

Guidepath Models. The Transit Model solutions are worthy of attention,
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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 wam 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
cap{taluin-process must be specified. These initial conditions are taken
from those specified for the Target Solutions. That is, it is again assumed
that in the pre-Plan 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, In place 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

aro as follows:

Consumption 5.0%
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 featurss of the solutions to the Transit Model which
wers 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 thie values of
consumption made available in these solutions are uniformly higher than in
the Target Solutions with combarable specifications of parameters. The
levels of gross national product achieved in the fifth year are roughly
comparable but the smount 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
roward explaining the higher values of the maximand in the Transit Modsl
solutibns°

It is again convenient to carry out the presentation mainly in terms
of a Reference Solution and variations on ito2 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 liousing, 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 peried 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 though
these remain the most important source of the contrasts in the sclutions.
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
thosa for the Fourth Plan Target Model solutions when the P.P.D. 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%,
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simult ~neously as part of the optimum olut on for the plan period

Jhe salient features of the solutions to the Transit Mlodel which
were computed for the Fourth Plan period ore shown in Table 4-7¢ N oplance
at the table and comparison with Table 4. 74 indicates vhat che values of
consumption nade available in thes solutions are uniforely hipl v than in
the Tarpet Solutions with comnarable specylications f parancters e
levels of pross national product achieved in the fifth year are rounhly
comparable but the amount of pross investment undertaken during the pian
period in the Transit Mode! sclutions is usvally only somewhat ore than

half that wn the Target 'odel solutions  This Jacter ohseymvation woes faor

toward explaining the hicher values of the maximand in t' Transice Medel
sclutions

It is apain convenient to carrv out the nrssentation matnly 1o £arns
0f a Refersnce Solution and vaviations on it Tabhle 4.7 shows 1l
scectoral output in eacn vedr for the Reference Solution In the Trasit

Model case total outour prows less raridly overall but moce srapidly

Apriculture, Food and Ciothing, and Housing, the major consunar poods

1 There are slight disciepancies tu rhe speecificatron of initial con
ditions and 1n the a and s matrices used 1 the Tronsit Miodel soiutions
for the Fourth Plan period as compared to these used for the Tarpet “oded
solutions As a result differences in the maximands are not praciss
measures o. the effects of the alternavive cerminal conditions though
these remain the most lapertant source of Lhe contrasts in the solulions
This qualification reinferces the caveat that the quantitetive Jdifferencoes
obsarved in the selutions shonld not be interpreicd s nrecize forecasts

In addition the initial conditions for the Tyansit Mode! were tabkon frow
those for the Tourth Plan Target Model solutions whep the PP D farpets
were adjusted on a thirty two sector basis

2 In the Transit Model Refecence Sol tion the minimom intra.-nlan annugl

consunption provth cate is 2 5% ar ! the discount rare is 10%
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sectors, than in the Target Model Reference Solution. The rates of growth
in Blectricity 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 Refsrence
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 domand for capacity in other sectors and for inventories is in-
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 gocds sectors rather than in
the capital goods sectors and their major suppliers. This indicates a
groater degree of correspondence among the objective function, the initial
endownments and the terminal targets endogenously generated in the Transit
Model. This, it should be emphasized, is not necessarily a virtue, but
reflects ail the issues associated with the determination of the targets
thenmselves,

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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.Thavhigher levels of consumption and ralgtod lower levels of saving
load to lowsr lsvels of capital accumulation as shown in Table 4-80 as
:comparad with the Target Model Reference Solution, Since both models
start out with the same capital endowment they end up with substéhtially
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 tho total amounts of consumption made available. In examining Table
4-80 it is useful to recall that in setting initial conditions it was
agsumsd that the Indian economy had in the pre-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 P,P.D, 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
components. In the fourth and fifth periods, however, the optimizing
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 incrsasing 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, Glass 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 Model.

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 bottlenacks 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 Table 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 indica%tion
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 requirsments are substantially less than the Rs. crores esti-
fﬁ;;£d in the Fourth Plan Target Model Refersnce Solution.

Turning back to the alternative solutions for the Fourth Plan Transit
Model as summarized in Table 4-76, changes in the social discount fata have
only @ smail effect as do -changes in the consumption growth restraints..1
A 10% increase in the initial endowments has a significant effect as would
be expacted but not as large as in the corresponding Target Solution case
as.tha Transit Model is less subject dus to its open-ended character to
the bottlenecks which ths Plan Targets create and which the change in initial
endowmonts break.

Reducing the required post-tarﬁinal 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 system. Increasing
the rsquired post-terminal growth rate to 7.5% in R=-9 reduces ths amount
of undiscounted consumption available in the plan period by about Rs,
2,500 crores., lowever the total capital stock on hand at the end of the
plan period goes up by only Rs. 500 crores as comparsd 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 effocts of such changes in the Target Model

1 For this set of solutions the minimum intra-plan annual consumption
growth rate was set at 5.08. This qualifies only slightly, however,
the comparisons which are made.



4-70

solutions, This is seen in solutions R~10 through R-18 in Table 4-76.
Removal of ého compatitive 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 psriod. The effect on
the maximand is relatively minor but noticeable as is also the effect on
savings end investment.

Increasing the fo#aign capital available increases the maximand
but the effect is much smaller in the Transit Model solution than in the
corresponding Target Model Solution F=1.2 in which foreign exchange avail-
ability constitutes a ceiling to oﬁtput 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% edditional 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 2.5% below that of the Reference Solution. The elimination
of foreign capital reduces the consumption available by about 3%; the levsl
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 i3 striking and naturally raises some questions when compared to
the reality of'foraign exchange stringency in India, The Transit Model
solutions, of .course, do not represent reality but an altemative set of
targots so correspondence 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 1nfloﬁs. The answer is in the different
pattems of outputs and targets of the Indian Plans and the Transit Model.
The analysis suggests that the immediate effact of the attempt to create
import substituting industries reflected in the Plan Targets is the sourcs
of foreign exchange stringency. The analysis is deficient, howsver, in
that it doss 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 ralatively small as could
be expected. A smaller amount of exports increases ths availability of
regources 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 foreipn 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-
cutions 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 po;icy the Transit Model suffers especially
from its short run character which allows the model only limited opportunity

to exerciso discretion in determining the inter-temporal pattern of
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consunption and investment and thersfore the relative weights to be placed
on the consumer and capital goods sectors. The overlapping constralats
of the initial endowments and terminal conditions further restrict the
freadon 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
futurs gosals. fhera appears to be a closer correspondence between the
savings rates 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 gond descriptions of what has
happened in India nor necessarily what will happen because their targets
are so much different than those of the Mlans. By comparison with Target
Model solutions Transit Model solutions indicate the direction of the
adjustment of the sconomy if inadequate saving and investment forced scaling

down of the Plan targets and adjustment of their composition.



CHAPTER 5
THE GUIDEPATH AND TIE CUIDEPOST MODELS

The fool who does not know
His own resource, his fos,
Hiis duty, time and place,
Who sets a reckless pace,
Will by the wayside fall,
Will reep no fruit at all.

-=The Panchatantra
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§.1 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 tarpets 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 dJistant as well as
the near future and concentration on short period planning inevitably
omits relevant considerations. In principle the planning herizon 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 advantapes 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 bettsr than a longer plan. The optimun
certainly to be more than the conventional five years., The short term
models were presented first in the chapters above because of interast in
their use in analyzing the Five Year Plan tarpets and other aspects of

Indian economic policy. The basic justification for shor{ 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
ares 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 sach 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 aggrepated and no knowledpe—1s~
added by carrying them along separately. llowever, 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 boe known whether aggregation of sectors, on balance, overstates
or understates ths potential achievements of a system. While agpregation
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 separatel& 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., When 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 agpregation 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 fraedom in breaking 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 way be compensating disadvantages
since it forces a kind of synchronization among sectors in each aggrepated
time period which in actuality nsed not be present,

While the computational burden associated with long term models

requires simplification of structure, it is also trus 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
caitain parameters., For short term plans it can often be assﬁmad, for
sxample, that consumption or input proportions will not change substantially
within the plan period. lowever, 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 techriology, 8 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 tive 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-
toiled 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.
We shall also demonstrate a technique for linking an explicit long term

plan to a short term, five year plan.
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5,2 Structure of the Guidepath Model

The long-term model which we call the Guidepath Model is created bLy
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 variahles and relationships added. The description
will be brief excapt 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 savinps 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 5-1 lists the additional parameters and changes in definitions
of variables for the Guidepath Models 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
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Table 5-1

List of Additional Variables and Paraweters

for Guidepath Model

output of the "incremental" agriculture activity

in period t

output of the "traditional" agriculture activity

in period t

dirgonal matrix of expenditure elasticities of

consumption of each sector's output
population growth rate between periods t and t-1

growth rate of cultivable land available to

agriculture

yields of output per unit of land in "incremental®

and "traditional" agriculture
population in period (t)

activity aggregation matrix
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Table 5-2
The Guidepath-~I and Guidepath-II Models

(1) Objective function

T c(r)
(1.0) Maximize: W = 3~
te] (l+w)t'1

Subject to:

(2) Consumption growth constraints

(3)

(2.0) C(te1) 2 (1+ p(t))C(Y),

(2.1) Initial consumption
c(0) = €(0) ,

Distribution relations

(3.0) J(t)+l(t)+N(t)+Q(t)+F(t)+G(t)+E(L) 2 M(t)+UX(t),

10,01
where U = 01..0
0..10

(3.1) Intermediate products
J(t) = a(t)X(t),
(3.2) Inventory requirements
(3.20) H(t) = s(t) {X(t+1)-X(t)} ,
(3.21) H(1) = s(1) {X(2)-(1+cyX(0)]} ,
(3.3) Private consumption
F(t) = mcC(t)+ {-Erl[p A1} (1= cCTO),

(3.4) Government consumption
G(t) = G(t) ,

(3.5) Exports
E(t) = E(%),

for t=0, ...,

for t=1, ...,

for t=1, ...,

for t=2, ...,

for te] ,

for t.l. Dhl"

for t’l. Bﬂt"

for tul, ...,
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| Table 5-2 (continued)
(4)’c§p§g1ty restraints
(4.0) b(t)X(t) £ K(t),
(5) Capital accounting relationships
(5.0) Investment requirements
N(t) = pz(t+1),
(5.1) Depreciated capital
D(t) = (L),
(5.2) bepreciated capacity
V(t) = db(t),
(5.3) Restoration requirements
Q(t) = r(t)d(e)"Irey,
(5.4) Capital accounting
K(te1) < K(t) + Z(tsl) + R(t+1) = V(t+1),
(6) Restoration ceilings
(6.0) R(t) < V(v),
(7) Balance of payments constraints
(7.0) uM(t) < A(t) + uUE(t),
(8) Imports
(8.0) Import composition
M() = MI(L) + M"(L),
(8.1) Non-competitive imports
M'(t) = m'(t)X(t),
(8.2) Competitive import ceilings

MU(e) < m(t) [ACT) ¢ ME(t) - uUM'(t)],

for

for

for

for

for

for

for

for

for

for

for

tel,

tel,
tw2,
ta2,
t=l,
tal,

t=2,

tal,.

tal,

tal,

t=l,

con p

000.

cnoagp

LU )

o0 p

Oﬂh.

neop

oue p

a0y

bung

00(\.

T+l

T+l
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(11

(12)
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Table 5-2 (continued)
Ralqtibhs»bétwean incremsntal and traditional agriculture activities

(g?o)?xlz-(t) - e T, (- 0, for t=1, ..., T,

(gol) Xl(t} - [}’M/ylz - 1]X12(t)$ 0, fOr t-l, ovauyp T.

Initial capital restraints

(10.0) K(1) = b(1)(I+c§)X(0) ,

Terminal requirements in, general

(11.01) K(T+1) >K(T+1)

NDerivation of terminal conditions from post-terminal growth requirements :
Post-terminal growth rates of demands and imports,
(12.01) c(t) = C(T) (1) T

(12.02) G(t) = G(D) (1 )T

(12,03) E(t) = E(D) (1s €)°7T

(12.08) D(t) = DeD (1+8)5T

(12.05) M(t) = M(D (14 ) T

(12,06) X ,(t) = X, (s )T

t
12,00 Fe) = e BT ¢ {7 (e A1} (-7 O

t=1
which implies
% . " Y hd o d *
(12.1) X(£)#Xyp(t) = a(DX(e)+[s(T)+b(TIp] { X(t+1)-X(t)}
* Loz (D20, (Db (D) 71X, (e )T
+ meC(T) (1+9) = Ts {-n-l(n A Hp €00y (e A (T T
t=

+ D (1 W ETEM 1+ ) -Tod ) (14 )T

- 1T (10 20 TR0 (XD (19,0 = Temd, (DT D (100 T,

fort >T .
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Table 5-2 (continued)

Define  q, x [I-3(T) - (B(Mp + S(M)] forg = T, AN, §, ¥ 6,504,

5

Then, particular solution of {12.1) for t=T+l:

(13.0) X(To1) @ (70 [-Teapy (11405, ()b 15 (Mpyp) IR TR (14 €)

L 4

(351" 7eC(T) (149)

4

[ 1"11;(1+;\(t))}(r-51)c666‘)(1»am)
Al {t-l' '

+

(Hxl“lﬁ'('w’vcu Y)

» ) P
[qel E(T)(1+€)

+

L 4

lag 171500 (14 6)

W |
[a,] M (D (14,20

* "
[, 1" 0 (DXCT) (1420

LI O —
[a, " 0y, (VX2 ,

‘Then from (13.0) ,
Terminal capital stocks:
] o
(14.0) K(T+1) 2 b(T)X(T+1)

Klz(Ttl) 2 bumxu('rn)

Terminal inventories
L ] PE—
(14.1) S(TX(T+D) > ;(1')X(T+l)+slz('l‘)xlz(T+l)
(15) Consumption or savings constraint for the Guidepath-II Model

(15.1) C(t)+ uG(T) 2 ‘30 + Aul(1-N)X(t)-D(t)] , for tal, ..., T .
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period over the planning horizon. This approach has some complexities in
programming which we avoid by making detailed short temm plan§ 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. Extending the unit period may have a retarding effect on growth
as it effectively lenpgthens 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 privats consumption in three years., w is the
discounting factor applied to C(t) and is similarly adjusted so that it
reflects the threes 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 apgregation
matrix [U] in the distribution squation (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 U;s = 1.0 if the jth activity

)
contributes to the ith sector; otherwise U,, = 0, We find it convenient

ij

to make the first activity "incremental" agriculture and the twelfth
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activity "traditional” agriculture. Then the [U) matrix is as shown below

=
11x12

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 anggregate private consumpticn are no longer specified exogenously
but are determined by consumption-expenditurs elasticities, Uy and initial

proportions. The expenditure elasticity i for sector i is defined as

follows:
: Fi &by - FO/p0) FO6(r) - FOV575)
m, ® ——
1 Fico)/pto) F(O)/!.-,-(-o—j

where P(t) is the population in period t. P(t) is obtained from the initial

population P(0) and the projected growth rates of population A(t) as

t
P(t) = P(O)[1 «+ A(D) (1 + A(2)] 5. [1 +A(t)] = P(O) 17“1[1 +A(t)]
. tg
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with FEB} - cE?BS. whers c is the vector of initial consumption proportions,
the sectoral private consumptions in period t can be written as in (3.3)

t ————
(3.3)  F(t) = meC(t) + {:1 [1 + A} (I - m)cCOO)
With this formulation the proportions of sectoral to aggregate consumption
will vary with the growth of total consumption. lowever, 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 $ome provision for re-
cording for depreciation purposes amounts invest;d during the plan period.
This procedure was not followed since ii would require substantial additional
accounting and the long term model's computation requirements were already
heavy, In the present case ths 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 Pirst Plan

in 1951 are substantially different in composition from the assumed steady
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sthte'ﬁfior to 1951, These investments come up for replacement dJduring
the iéng term plan period. Consequently the replacement proportion matrix
r(t) and the dopreéiated 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. thera 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 m" 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 increase in land and labor pro-

ductivity, If the model were allowed to choose between alternative
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traditional and modern input vectors and capital coefficients it might
well choose the former. This would happen if the inputs into the tra-
dikional 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 modemn 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 (9.1) 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 viswed 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 outputsnl In this formulation the traditional

1 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.
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sector may continue to operate throughout the planning period on all the
land that 1§ cultivable. ' The available cultivable land is assumed to
increass 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 is necessary because the
"incremental” inputs without the necessary traditional inputs which they
supplement may be less costly than the traditional agricultural inputs.

For the post-terminal years it is assumed that traditional agri-
cultursuses 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
ysars would not be optimal., An iterative procedure would then be raquired
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 modem agriculture. The vector of inputs applied to the
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land is &Yy where a3y is the vector of input coefficiens 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, 8;¥) * 815719 would produce the same output; i.e.,

Yy * Yi2 * Yy Total inputs must be the same iﬁ either interpretation,

L ]
31 % 85712 ° A

Wy " %1212 WM T B
ineo al - =
Yu - Y12 Ym < Yr

The capital cosfficient b1 is similarly derived, and

by = by¥y
by = —————
Yy~ Yr

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
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eqﬂitioné (12.1) for the post-terminal yaars,'a(’r). Qm. t:('l'), ;('l') and
;'(1) are the.squnre watrices for the first eleven activities, The twelfth
colums for the Traditional Agriculture activity have been separated from
sach of these matrices and are denoted by 312(13. 312(1), b12(T), p12(1)
and miz('f). Similarly X(t) is partitioned into X(t) and Xj,(t). For the
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-II 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) + AG(t) = g, * ﬂlu[(I-A)X(t)-ﬁ(t)]. for tal, ..., 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
/‘1 in (15.0), which is the marginal propensity to consume, may bs 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 progranm” 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 welfars function directly, its role in the model is simulated by

various types of constraints of which (15.0) is one,

5.3 The Guidepost Modsls

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 temm Guidepath Model and since the structural changes of the
Guihepath Models are retained even though the Guidepost Models ars 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 procedurs 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 Gﬁidepath solution for the same years,
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5.4 Character of thevcuidqpath Model Solutiéns

The Guidepath Models may be regarded as multi-sectoral versions of
finiteAhorlzon, 1inear modéls.of capital accﬁmulation and growth with the
addition of a number of exogencusly 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 consumbtion is discounted and on the pro-
ductivity of investment, thers 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 tho Models., First of all,/are many sectors,/with different initial
capacities, input requirements and domands for consumption and investment,
/:35552 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
sactor; The composition of consumption demand, of export demand and of
depreciation change over time as do import and inventory coefficients and
the availability 6f net foreign capital inflows, Unlike single sector
models in which capital can be consumed or used for further production,
the cap;tal 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 consummtion levels of the final plan period tend to depress the

level of consumption in the final plan period.
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‘A1l of these elements act to croate a feasibility hypersurface
which is multi-faceted, An increment in consumﬁtion gained in a future
period is not lineafly related to the current sacrifice in consumption
noéessary to'gain the increment. As a resclt the solutions to the Guide-
path Models cannot be expected to take on & 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 de-
pendence which results from collapsing the gestation lag provides the
Guidepath Models with mors 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.

5.5 Additional Data and Assumptions for the Guidepath and Guidepost Models1

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 émpirical as theoretical. For 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 agriculturs to provide for a change in te:hnolqufcouidwbe_ussd
ih other sectors, the data availasble to us did no: warrant it, “ |

For the 1960-61"a"matrix which has previously been used, another
matrix was substituted for the period after 1971-72, This is based on a
vodification of the 1959-60 ‘a“matrix projected for 1970-71 by Rudra and
Mannoo1 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 matrixq2 The
capital output ratio of 2.5 is used for modern agriculture in all but one
solution in which a ratio of 4 is uged, The composition of capital in
it is obtained from Japanese data. |

The inventory coefficients are reduced by 1.0 per cent every year,
f.6. 3.03 per cent every 3 year period in the Guidepath Models to reflect
a cdmmon 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 A.Rudra and A, Manne, Studies in the Structure of the Indian Economy.

2 An unpublished paper by S, Ichimura and S. Miyano, "A Jynamic Input--
Output Model of the Japanese Economy."
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fbtﬁ5?1¢§s§ the sq?toral composition of government demand is held constant
and}thﬁffﬁtal is pﬁojected at the rate of 6.0 per cent per annum, i.e,
l9.10fpar cent por period. Exports of each sector are projected at
differant rates representing a judgment as to the sector's potential. The
numbars 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.‘1

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 Models.,

Estimates of expenditure elasticities are required for the models.
There is an abundance of data for India stemming mainly from the National
Sample Surveys conducted by the Indian Statistical Institute though ax-
tensive analysis of these data has not yet been fully successful in
establishing comparability. Mecreover, 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-

national comparisonso2 There is clearly material and scope for further

1 B, Balassa, Trade Prospects for Developing Countries, 1964,

2 For purposes of comparison we used the study by H. Houthakker, "An
International Comparison cf Household Expenditure Patterns, Commemorating
the Centenary of Engel's Law," Econometrica, Vol., 25, Oct., 1957, pp.
532551,
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analysis which would reorganize and re-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 ﬁarSpactiva Planning Division is used along
with alternative marginal savings rates to determine tho parameters of
the consumption-income constraint when it is enforced.

In most 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 yeaf models, the
time aggregation actually gives the model much more freedom with which
to allocate resources. The initial and terminal 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 bs presented. The data inputs are shown in Tables 5-3 through

5'139



5-25

5,6 Solutions to the Guidepath-I Models

5.6.1 Overall Patterns

Bach solution to the Guidepath Model illustrates an alternative
potential path of development which correspords 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 timo 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 G-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 G-1, 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 agpregate 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 a higher level would only increase the investment require-
"pﬁﬂtsvfbr1post-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 perﬁoq. To satisfy these
requirements at lowest cost to the maximand the model solution if not
constrained would tend to deprass that levsl until it doss not have to
provide any additional capital for the post-terminal pefiods. 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) < (140)%°T
e - .+ C(D
JE; (lw)t ti%il (l,w)t°T

This is used in solution G-2 in which a weight of 4.0 is given to the

torminal period consumption. The objective function becomes

7 (t=T t=Tsl
WaC(l) + .00+ C(T){h(—i—}-:_) + (—:—Eg) ,.e} , where @ = 0.4238,

the required post-terminal rate of growth of consﬁmption and vhere o~ ,
o per year,

the discount rate for the post-terminal consumption, is 0,24/ In G-2

a 26% higher level of consumption is reached in the sixth period than in

solution G-1,- 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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solutibn‘G-Z-all of the available foreign exchange is used for non-
coupstitive imports in all perfods 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'z,ldt 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 ramovad SO not even
mopotonacity 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 pattemns in which a much higher
proportion of total consumption is provided in the first three periods.
The effective non-linearities in ;he model prevent a full reversal of
the pattern of consumption in solution G-3 and the pattemn 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
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eébndmic 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 chamges in resource allocations on the system in
particular years. It may even be difficult to reproduce in practice

the characteristics of the solution. In order for the Guidepath Models
to be useful, thersfore, it is necessary to find methods of altering the
shape of the time path of aggregate consumption to conform, within the
1limits 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 ysar, and a post-terminal
growth requiresment of 12.5% 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%, 7%, 8%, 9% and 10% per year and post-terminal consumption growth re-
quirement of 10% per year.

Table 5-14 and Figure 5-1 also illustrate the overall effects of
adding constraints. - The leével 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-temminal growth requirement, is less than that
in solutions G-6 and G-7 with the same post-terminal growth constraint
but with intra-plan consumption growth raquirements 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
the Guidepath-1 Model covering ten three-year periods, or thirty years.

Figure 5-2 presents the time path of consumption generated by
solutions to the Guidepath-1 Model for ten periods. In solution G-8 the
intra-plan requirement on consumption is only that consumption in any
period may not fall below the level attained in the preceding period,
and the post-cerminal requirement is that consumption be able to grow
at 12,5 per cent per year. Again the solution exhibits the "flip-flop"
tendency, delaying any increase in consumption until the latter portion
of the planning period when it is pushed up very rapidly. Also, as in
the analogous six period solution G-1, the post-terminal consumption
growth requirement is responsible for the constancy of consumption in the
last three periods since this pattem requires a smaller diversion of
resources to meet the post-terminal requirements than one with higher
terminal consumption levels., The effect of imposing intra-plan consumption
growth requirements between successive periods of 5%, 6%, 7%, 8%, 9%, 10%,
11%, 12% and 12.5% per year while keeping the 12.5% per year post-terminal
consumption growth requirement is shown in Figure 5-2 as solution G«9.

For puxposes of comparisen, the solution G-6, which has similar intra-
plan consumption growth requirements for six periods is also plotted in
Pigure 5-2. The close correspondence of the overall rosults for the first
four periods is quite ovident. The national income accounts for solutions

G=6 and G=9 are presented in Tables 5-15 and 5-16 respectively.
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‘In these first four periods the consumption growth constraint is
binding in both models. In both cases the solutions are just satisfying
‘these constraints and otherwise saving and investing for the future.. The
differences in the fifth and sixth periods reflect the influences of
terminal conditions. In the six period model the 12.5% post-terminal
growth requirement is refiected into the sixth periéd and the model is
beginning some part of its adjustment to these post-terminal requirements
sven 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 ﬁiffbrent set of parameters the edge effects could extend all the way
to the first period so these results should not bs generalized.

In the national income accounts for solution G-9 in Table 5-16,
it will bé noticed there that in the ninth period thers is substantial
amount of disinvestment in inventories and that thers is no fixed invest-
ment in the tenth period. This is the result of the ceiling on total

output of Agriculturs 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 consumpticn 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 teminal targets are made in
the ninth period to maximize consumption in the temth 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

periﬂdo

5.6,2 Destails 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 G-9 in initial
capacities, non-competitive import coefficients and in the “a”matrix from
third period onward, and the two sets are thus not strictly comparablml
Solution G-10, which hasAtho same consumption growth requirsments as
solution G-6, is used as a Reference Solution. Tables 5-17 to 5-26
present various features of the Guidopath-I Reference Solution. The
national income accounts are shown in Table 5-17, The overall rate of
growth of gross national product ranges from 7.8% to 12,7%. This is
wainly 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

1 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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qa&iﬁk?-fatos which are created by the even more unusualiy high marginal
déﬁéitic sdwings rates as shown in Table S5-17.. The savings rate informa-
tlon helps to dispel some 6f the possible wonder at the growth performance
reflected in the solution. Not only is the model bshaving optimally in
allocating resources and dirscting production for current output but also
it is plowing back its output into investment for further growth at in-
croasingly 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
Incrsmental Agricultures 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 thy output of the
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Traditional Agricultural activity. This is inconsistent with the
assumption of a productivity ratio of 3.0 betwesn the two activitias.1
The lack of cultivable land will make the outputs of the seventh period
unachisvable unless technological progress has made modern agriculture
mors 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 sarly
as compared to the later periods because tlie post-terminal consumption is
not explicitly included in the objective function,

It will be recalled that in the Guidepath-I solutions presented
the constraints on the use of foreign exchange for "competitive" imports
wore made inoperative. Table 5-21 shows non-competitive and competitive
imports by sectors,2 Table 5-21 also includes the shadow price on the
forsign exchange balance constraint.

The existence of competitive imports in each period indicates that
the availahility of foreign exchange does not set an absolute limit to
output. The usefulness of foreign exchange here is reflected in the
shadow price on the balance of payments constraints. Without the con-
straints on competitive imports which wers 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 programming solution doss 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 soctdr in which competitiva-imports are made,

Table $-22 presents the sectoral consumptions in sach peridd. ‘These
now reflect the consumption-expenditure elasticities specified for each
sector. Although Agriculture continues to provide the largest single
component of consumption its share is reduced by 16% from 38% to 32% over
the planning period. By comparison the share of Equipment in total con-
sumption increases by 50% 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 f£ifth 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 Tebles 5-23 and 5-24 and the shadow
price of new capital in Table 5~25..1 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 psriod 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

consunption producing sectors. The industrial sectors (Mining and Metals,

1 All the new capital available at the beginning of the first perjod is
alrrady included in the specified total initial endowment.
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Bquipment. Chemicals, Cement-Glass-Wood and Electricity) had 24.9 per cent
of tha capital at th; outset, their total share by the third period rises
to 35.6 per cent and the share in the sixth psriod 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 comparad to the proportions in which this particular solution
would like to have capacity available, The initial "imbalance" is slim-
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
nodels 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 weipght 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 poﬁsible objections to the rigid treatment of
these aspects of planning in the Target and Transit Models. The Guidepath-I
Model for six periods is solved with several variations in parameters. In
Table 527 the period-by-period national income accounts are shown of
solution 6-10,1 with net foreign capital inflow doubled for the same
twelvp years in which it was available in the previous solutions. Com-
parison with Table 5-16 indicates that the model uses the additional

foreign sxchange to carry out additional investment in the early periods
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keeping consumption virtually unchanged in the first nine years. The
additional forelgn exchange makes it possib}b to break some bottlenecks

as shown by the fact that investment increaseg by much more than the
additional foraign exchange in the first three periods. Whereas in tho
Reference Solution the capacities in the Agriculturs, ?bod. Clothing and
Leather, and Mining and Metals sectors wers fully utilized in the first
period, now the idle cepacities in this period in the Equipment and the
Construction sectors are also eliminated, The total effect on the maximand
of the change in foreign ald availability is to raise the value of con-
sumption available over the entire planning pericd by Rs. 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 incoms accounts of tﬁa 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 comss entirely in the last two periods. Again, however, with
modification of the consumption growth constraints soms part of consumption

increase could be shifted forward in time.



5=37

Solutions G-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-10 by Rs, 1580 crores. This lsads to a difference of Rs.

17,653 crores in consumptioﬁ in the sixth period. In solution G-12,0

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 G-10.0 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 or modernizing Agriculture due to
the higher capital output ratio reduces substantially the total consumption
which is provided., Consumption in the teiminal period in this case is only
0.70 of.tha consumption in the Referance Solution G-10.0, Even then the
capital stock in Incremental Agriculture is higher in G-12,0 than in G-10.0,
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 Guidepath-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-1I 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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vsolution the preferences of society. The savings constraint sets a
limit in each period on the maximum marginal rate of savings.1

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
syétem to maintain a growth rate of 8% per year. This rate is, therefore,
set as the roquired post-terminal growth rate for consumption in the first
solution for the Guidepath-II Model, The intra-plan growth constraint on
consumption is set to zero so that only monotonic behavior is required.
A feasible solution is cbtained under these conditions., However, in the
solution the investments required for the post-terminal 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 tvaken 238 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) = 5520 + 0.80 NNP(t) when marginal savings rate < .20

(2) C(t) + C(t) 11385 + 0.70 NNP(t) when marginal savings rate € .30

In the constraints embodied in_the solutxons, the value added by govern-
ment, which is assumed to be 1. 66G(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

(1)  C(t) + G(t) > 5520 + 0.80 [NNP(t) - 1.66 G(t)]
and
(i1) C(t) + G(t) > 11385 + 0,70 [NNP(t) - 1.66 G(t)] -
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the eight per cent per year post-terminal growth requirement for con-
sumption with a marginal not savings rate of 0.20.
In the next solution, S-1.0 in Table 5-29, still using the 20%
marginal savings rate, the post-terminal consumption growth requirement
is reduced to six per cent par 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 becane necessary to fulfill pc-te-terminal
tequirements. 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 5% per year,
but tho marginal nst 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 §-2,0 in Pigure 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-II 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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' conjuﬁﬁtion'growgh requirsments and a maximum marginal savings rate of
20% and other conditions as in the Guidepath-I Reference Solution.  The
Gnidepath-1 and Guidepath-II Refersnce Solutions have interesting con-
trasts, The 21% to 38% average savings rates of the Guidepath-I
Reference Solution cannot be realized in solution sfx.o whose marginal
savings rate is constrained at a lower level., As could be expscted in
the Guidspath-II Refersnce Solution the savings constraint operates to
1imit the rate of change of net domestic savings from the 10.6% average
rate which obtained in the pre-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 goss 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 Guidepath-II 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 Guidepath-II Reference Solution
the .16vels of consumption are higher in the first nine years and lower
in the last nine years and the possible post-terminal achisvement 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 eventuzlly be croated 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 detailsd sectoral implications of the Guidepath-II
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-1I 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 thé 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 savings. In the second period the shadow prices
of output of all the sectors are the same as the shadow price on the
savings constraint for the period? From third pefiqd onwards other con-
straints become more significant and the savings constraint though still
binding is no longer so completely dominant,

The use of foreipn exchange for nonecompetitive and competitive
imports and the shadow prices of foreign exchange for the Guidepath-II

Referoncé Solution are shown in Table 5-33, In the first period
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non-competitive imports are concentrated in consumsr goods sectors in
order to raise aggregate consumption, net 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
Reforence 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
§-35 and 5-36. These tables also reflect the relative emphasis of the
Guidepath-II Reference Solution on consumer goods rather than capital
goods. However, the productive capacity in all sectors grows mors slowly
in the Guidepath-II as compared 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 requirsments,

as shown by the ratios of idle to total capacity in Table 5-36, 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 Guidepath.I
Roference 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 t&tal capacity
in all periods whersas in the Guidepath-I Refersnce 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-II Refersnce Solution varies from 27% to 60% of that of the
Guidepath-I Reference Solution in corresponding periods,

Differences among the Guidepath~II 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 rolieves the savings constraint somewhat and, as a result,
the total and final levels of consumption rise. The post-terminal growth
roquirement of 8% in this solution as compared to 6% in the Guidepath-II
Reference Soulution 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 savings 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 tumn
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yield even mors consumption in the future. The effect is slightly the
roverse when the net foreign cspital 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 géods 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.

5.8 ‘The Guidepost Model Solutions

Once a long run guidepath is selected the next step is to check
its short run fbasibility 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-b}«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 aggragation not only provides unwarranted flexibility hut 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 depending on what short run constraints and
targets it is desired to enforce, In the applications to be described,
since emphasis has been ﬁlacad 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-II 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
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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
corraspond to the stocks in the period covering 197273, 1973-74 and
'1974-75, This capital stock is taken to be the target capital stock in
the Guidepost Model 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, howsver, the intra-plan growth rates of
the Fourth Pian Tarpet 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 ths capacity in the first three year
periocd, 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 botter 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 Modél corresponding to
che Gﬁidepath 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
allow 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 marpinal savings rate in the first two years is allowed to rise
to 24% and 22%,1 the Guidepost solution P=3 is found. Alternatively,
corresponding solutions could have heen 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 exponentinsl function.
However, if such a pattevn were desired, to provide for smooth growth in
employment for example, it could be imposed as a constraint though re-
laxation of some cther constraint might be necessary to achieve the
guidepath. The savings and investment rates of the correspondiag Guide-
path and Guidepost solutions are more or less the same over comparable
'periods as are the sectoral resource allocations which lie Lshind the

aggregate results.,

1 ECven 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 shown in this table, the
Guidepost solutions for targets taken from the two Guidepath-I solutions
perform better, in terms of the consumption produced, than the Guidepath
solutions themselves over the same period. However, the differencss are
slight and, in these *wo cases, the time aggregation in the Guidepath
models does not seem to have significant effects. That was not the case
with the Guidepath-II solution but this can be ascribed to inconsistencies
in the implied marginal savings ratss 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 genorated by a Guidepath Model solution
for its early years are consistent with an explicit optimum long run
growth path, it is interesting to compare thess 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 Pourth Plan target stocks,1 With similar capital coefficients
the Guidepath-I solution generates higher capital stocks than the Guide-

path-II solutions in ail but the three major consumer goods ssctors,

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.



5-48

Agﬁ‘cultura, Food and Clothing and Leather, and Housing. The total
capital stock of Guidepath-I solution G-10.0 is 17% larger than that of
ﬁuidepath-ll solution S»1.0 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
than in the Guidepath-II solutions but its effective productive capacity
is lower. The differsnces in the sectoral stocks in the Guidepath-I and
11 solutions ars 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-II 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-1I 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 liousing. 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-l solutions, though the sectoral
compositions are somewhat different. The adjusted Target stocks are
higher than those of the Guidepath-II 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
Tablers-dza Comparing the Guidepath-I and II solutions with similar
capital-output ratios it is clear that the Guidepath-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 is understandable 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
the input requirements of Agriculture. Tho 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,



CHAPTER 6

SUMMARY AND CONCLUSIONS

Infinite learning does not aid

To virtue those who are afraid;

As men with lamps no sooner find
Lost ohjects, 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 theorstical 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 sclutions are performed.
Increasing the sectoral dotail is a straightforward operation, howsver,
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 Iadian plans,

(2) judgments as to model building techniques and the

relative merits of altermative model formulations

as a basis for making economic policy, and
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(3)'ihsight5'into'ihb‘charactéristics of economic growth,

In this final chaptef wéiéhnll 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 sconomy 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, [Errors in
the estimates of initial endowments, for example, which may create bottle-
necks will Liave 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 ths 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 tho problems. The
models only force a greater awareness of alternative possibilities by being
moxre 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 obtainod. 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 paramsters, 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
a variety of ways, as discussed in Chapter 4, it sugpests the possibility
that the Target Model solutions may overestimate the investment require-
ments of the Third Plan. On balance, though the results are nct un-
equivocal,we belisve 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 domestic savings consistent with the
targets.

This is not a new criticism of the Third Plan but evaluation
using the Targaet Model does not depend on the estimation of a single
aggregate capital-output ratio but on many parameters. In a sense ths
scope for controversy is broadened but it is also more focused because
more of the rslevant issues are made more explicit, The Third Pl#n
targets in general have not been achieved but that cannot be taken as
"nroof" that the Target Model implications are correct. Other circume
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 oxchange resources from their oripginally intendsd 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 Modal indicates as necessary for the fulfillment of
the targets. Either the Target Model calculations are wrong or the targets

ars unachievable with the savings projected in the Plan,

6.1.2 Pourth 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, 1964 by the Perspective Planning Division of the Planning Commission,
They are, therefore, necither official nor necessarily the comprehensive
goals of the P.P.D, itself. The adjustment procedure evxtends the specified
targets for the organized sector to the unorganized sector., One method
of adjustment leads to higher teiminal stocks than an alteraative adjuste
ment method. The policy issue invelved is the extent to which the wumor-
ganized sector will 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 feasibility of the adjusted
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proposed Pourth 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 last 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, thorefore, of domestic savings required by the Plan's
adjusted targets as computed in the comprehensive calculations 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 porform in the course of "underachieving.”" An infinite number of
adjustments are possible and the combination of feasible sectoral outputs
which will in fact be produced cannot be forasesn with the mod:1. That
depends on the relative success of the different sectors in exercising
entrepreneurship, mobilizing investment, gaining access to foreign exchange
and so on,

(c) The Pourth Plan target solutions indicate that the import
substitution program is a crucial factor, for unless import requirements

are reduced foreign exchaige shortages set a limit to the ovsrall
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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 answored in this Qtudy but whose relevance to the outcome of the
Plans is made more clear by the great amount of detail gonerated by the
analysis, Only a foew examples will be repeated here. Capacity in the
Construction industry is often a bottleneck in the equy 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 altsmnative 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 indiract costs, the solutions often indicate the desirability
of larger foreign exchange allocations than permitted by the constraints.
This again suggests the need for mors 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 sams poet-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 torminal stocks generated by the Transit Model
solutions,

(f) The short run anal}sis 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 Guidepath Models
covering sighteen 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 Guidspath 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 comﬁarison 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 Asctoral composition of the adjusted
Fourth Plan targets is more comparable in corresponding years to the level and
coﬁposition of capacity created in the solutions to the Guidepath-.I
Model than to the capacity in the Guidepath-11 Model,1 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

1 The oxistence of a relationship between the composition of output and
the savings rate must certainly have bsen 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 Frankel, “Produceyr 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-IT 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 rasult 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 Guidepath Models our paramount objectives are those of
developing tachniques of generating alternative plan outlines and illus-
trating the growth patis which might be achieved under various circum-
stances.

(8) 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 period, in a finite horizon model the precise period in
which the shift toward higher consumption rates occurs is again a function
of the discount rate,

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 modsl with

different input requirements for each sector and changing sectoral
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combosition of various demands over time is a source of effsctive non-
linearity. The two activities in Agriculture with a gradual shift to a
higher cost activity imposes diminishing returns in this
sactor. In addition non-linsarities are also imposed in the exogenous
specification of rsquirsments 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
sven when/consunmption is postponed to the end of the plan peried, some
increase 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
amposing 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 consumpticn. 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 Guidépathol 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 courss, nc labor or natural resource
constraints except the land limitation in Agriculture. Much of the per-
formance is due to the extraordinarily high savings rates. In an uncone
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 sach plan year. If the savings rates themselves are not
constrained both increasing intra-plan consumpticn and the higher post-
terminal consumption growth requirements can be fulfilled.

(¢) The Guidepath-I Model was solved in six and ten period versions
covering eighteen and thirty years respectively. The differences bhetween
the versions for the first fcur pzriods or twelve 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. VWhen
such constraints are used a planning horizon 05755253} 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 Guidepath
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 rasult may not be generalized, however, since it depends upon

the particular values of the parameters.
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6,3 Suggestions for Improvements in Models

Though not intended to be applicable only to India the models
‘prasented 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
the existing stock or of output if eithe?jzzoglearly preferable to its
exogenous specification. To take economies of scale into account minimum
investment level constraints can be imposednl Many of these and other
improvements would be desirable and important in the context of a more
disaggregated system, In such a system some degree of consumption sub-

stituticn 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,



The same device could be used to investigate sectoral comparative

advantage for exports, On the savingé 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 potenfial 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
are not to be expected in the qualitativs results,1 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-developad, mixed capitalist or socialist economies, They are con-
cernsd with rolatively abstruse issuss such as the "optimum" rate of

on growth
saving and such practical quostions as the effects/of a change in the
marginal savings rate and the best relation between industrialization and
agricultural expansion. 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-II formulation the savings rate is directly con-

trolled by a constraint. This relates marginal savings and, therefore,

1 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 Model. We should par-
ticularly like to cite, howaver, the paper of Richard Goodwin, "The
Optimal Growth Path For An Underdeveloped Economy," The Economic Journal,
LXXI. DBCQ, 1961’ ppn 756“7740
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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.g. growth in con-
sumption or investment production isad directly to further increases in
consumer demands which must be met. This additional constraint can be
viewsd as a behavioral relation imposinpg institutional restraints on
policy decisions.

Several different marginal savings ratus 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 net savings rate of 30%.
Thus, theiy imposition had a significant effect in reducing the overall
growth rates achicved as compared to Guidepath-I solutions in which the
unconstrained marginal net savings rates often exceeded 45%,

The sectoral allocations of the Guidepath-I1 as compared to the
Guidepath-1 Model reflect the effects of the overall savings constraint.
Both the Guidepath-I and Guidepath-II Moc.lels generrte a long term program
of structural change in the economy leading to an increasing degree of
industrialization. In the Guidepath-I vorsions the change is more
drastic and concentrates on the capital goods producing sectors and their
major suppliers. With less savings allowed and consuiption related to
net national product in the Guidepath-II version, the emphasis in investe
ment and production shifts away somewhat from the capital goods toward
the consumption goods industries.

The overall contrasts between the Guidepafh-l and Guidepath-I1I

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 nave been umable or unwilling to force equally high
savings rates. The former have emphasized their capital goods sectors,
neglected relatively the consumer goods sectors and achieved high overall
rates of growth while improvements in the standard of living took place at
a slower pace, The Guidepath-I Models, however, demonstrate the potentiality
of both hipher consumption prowth rates and high overall prowth rates associ-
ated with relatively high savings rates. The consumption provided in the
Guidepath-1I Model solutions in which savings are constrained to lower
‘levels very q-ickly falls behind the achievements of most of the Guidepath.I
solutions.

The choice of a long term growth path depends on individual and
social preferences and in the Guidepath Models the savings constraints may
be used tc reflect these preferences as well as institutional limitations.

In this respoct the quotation from Alice in Wonderland with which Lvsey

Domar began his classic article on economic growth may be recalled. The
Red Queen observes that in her coumtry,

"it takes all the running you can do to keep in the same

place. 1If you want to pet somegwhere else, vou must run

at least twice as fast as that!"
The results achieved with the Guidepath Model solutions, tempt us to add,
"Up to & 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 GCuidepath-I Models,

The difficulties of rmning fast in tewms of saving, which are

well=known, may be reduced by promises of rapidly growing consumption,
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But the dangers should not be underestimated of setting tarpets 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 ve worse than if initial ambitions had been more modest.



