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Abstract

In the thesis, we examine the effects of alternative income redis-
tribution schemes on the optimal pattern of allocation of resources. We
also identify the sectors in the economy which are under strain when these
redistribution schemes are implemented and the years in which the strains
are felt most. We find that the redistribution of income between the lower
and middle income groups in the rural sector leads to the maximum value
of the objective function, which is a discounted sum of gross outputs.
Alternatively, the redistribution of income between the upper and middle
income groups in the urban sector consistently leads to low values of the
objective Tfunction.

We also conduct tests to determine how sensitive these results are
to changes in the values of the parameters assumed. The results regarding
the relative desirabilities of various redistribution schemes are found
to be rather insensitive to changes in the values of the social discount
rate and the savings rate. A higher availability of foreign aid increases
the desirability of urban redistribution schemes. Modest requirements of
post-terminal growth lead to infeasibilities for most redistribution schemes,
as well as the reference solution, which assumes the status gquo distribu-
tion of income. The only feasible redistribution schemes are those which
redistribute incomes between the upper and middle classes, and the middle
and lower classes in the rural sector. This leads us to recommend rural
redistribution as not only a desirable policy, but as a necessary pre-

requisite to obtaining modest growth rates in the post-plan period.
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Introduction

The distribution of income is a very important, but often neglected
topic of Economics. It is also a topic which genrnerates a great deal of
interest among people from 211 walks of life. The intensity of interest
is often fraught with emctions, and the differences of opinicn about this
subject are the basis of important ideological ditvferences which exist
among the countries of the world. The determination of the Yideal dis-
tribution of income cannot be dcné without making value judguwents, and 1is
therefore an issue which may never be irreconcilably settled., The pre-
ceding statement, however, does not Jjustify the complete shelving of the
distribution issue since controversies, conflicts and very crten bloodshed
have resulted when people have thought that the distribution of income and
wealth has not been "right". Ve therefore note that even though it is dif-
ficult to identify an '"ideal" distribution of inccme, people generally
Teel strongly about attaining what they think is the "ideal digstribution,
and therefore attention should be paid towards obtaining a distributlion
which is gcnerally acceptable.

In India, at a philosophical level at least, the consensus of
opirnion has been that the distribution cof income is too wiequal to be

compatible with any concept of justice. The government's policy should



therefore be geared towards redistributing income from the haves to the
have-nots to obtain a more egalitarian society. The effects of such re-
distribution schemes, however, are far-reaching since different income
groups have differing savings rates and consumption patterns. It is there-
fore not enough to merely redistribute income; one has to also study the
effect that it has on the demands for various commodities, and therefore
on the pattern of allocation of resources. If different redistribution
schemes imply significantly different resource allocations, then other as-
pects of the economy have to adjust accordingly. It is these implications
of income redistribution which we examine in this study.

We make this examination in the context of a planning model of
the Indian economy, assuming that the government is able, by some unspeci-
fied policy measures to control ﬁroduction in the various sectors of the
economy. Both in order to determine the best policy of the government
and to evaluate the efficacies of the various income redistribution schemes
vis-a-vis each other, some kind of criterion function has to be postu-
lated, and this, as shall see, leads to problems. Such a function should
be defined in the utility space, bub even if individuval utilities are meas-
urable, they are not comparable, and it is difficult to translate them
into social utility. We therefore have resorted to posing the criterion
furction in terms of the total physical production which takes place during
the plan period. We assume that the plan is formulated by maximizing this

criterion function, given the structure of a model of the Indisan econony.
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The model:

The constraints of the model have to be satisfied if it is to be
consistent. There are five types of constraints in the model. The are:
(1) intersectoral and intertemporal consistency constraints, as

given by the input-output matrices;

(2) foreign exchange constraints which reguire that the total
supply of foreign exchange be greater than, or equal to the
total demand for them;

(3) initial capitel constraints which tell us that production in
the early years is limited by the amount of capital in exis-
ence in the pre-plan period;

(4) terminal capital requirements which are necessary to ensure a
required rate of post-terminal growth; and

(5) minimum output constraints, representing diverse economic and
non-economic factors which are not explicitly considered, but
which require that outputs in certain sectors camnct fall be-
low certain minimum levels.

Given the above sgystem of linear constraints, we maximize the linear
objective Tunction for various distributions of income. The different
income digtributions affect the demand side of the first type of con-
straint, and therelore result in solubions which differ from each other.
By comparing the values of the objective functions in these cases, we can
determine the kind of redistribution scheme which resulte in the maximuwm

amount of aggregate output over the plan. This can, in a sense, act as a



criterion for determining the relative efficacies of various income re-
distribution schemes, while the soclution values of gross outputs indicate
the pattern of resource allocation necessary to put them into effect.

The shadow prices obtained by solving the duvual to the problem, informs us
about the relative importance of the various sectors in contributing to
the objective function.

Having concluded this set of exercises, we vary some of the param-
eters of the model to find out how sensitive our results are to changes
in them. The parameters varied are:

(1) the social discount rate;

(2) the post-terminal growth rate;

(3) the availability of foreign aid; and

(4) the savings rate.

We have divided the households into six income groups. These con-
sist of an upper, a middle and a lower income group in the rural and the
urban sectors separately.

The main resulls obtained may be summarised very briefly. We
find that redistribution between the two lower income groups leads to
higher values of the objective function than redistribution between the
two upper income groups. Ilorecover, redistribution in the rural sector
leads to higher valued objective functions than redistribution in the urban
sector. Our results are insensitive to changes in the social discount
rate. The imposition of modest posi-terminal growth rates leads to in-
Teasibilities wnless rural income redistribution takes place. The redis-

tribution of incomes between the two upper groups becomes relatively less
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attractive when the availability of foreign aid is reduced. The assump-
tion of higher savings rates (the average savings rate being assumed equal
to the actual marginal savings rate) allows the complete equalization of
all incomes to be feasible. Rural redistribution still yields higher
valued objective functions as compared to urban schemes; redistribution
between the two lower groups continues to dominate over redistribution be-
tween the two upper groups on the same criterion.

The results obtained are subsequently used to derive some policy

conclusions.

1T

The contents of the folldwing five chapters may be briefly sum-

marised in this way:

Chapter 2: a brief consideration of the meaning of "development',
and an explanation as to why planning may be necessary for
economic development. The chapber concludes with a descrip-
tion of Indian planning.

Chapter 3: a survey of the literature on optimum savings and the
Leontief input-output system. This is followed by a survey
of models which have used the linear programming technique
to represent and solve economic problems

Chapter 4: a presentation of a linear programming model of the
Indian economy which incorporates the distribution of income

ag part of the input-output system.



Chapter 5: a presentation of the results obtained from the exer-
cise of Chapter 4, and the policy conclusions derived from
then.

Chapter 6: a summary of the results obtained and concluding

remarks.

In chapter 2, we bégin by noting that India is an extremely poor
country, but has acquired ihe potential to develop. What is feared is
that the development process may be too slow for certain sections of the
populace who are struggling desperately to survive. The need therefore
arises to focus more attention on them to ensure that the gains obtained
from planning are divided equitably. This is not only desirable from the
standpoint of Justice, but may be necessary to prevent political and econ-
omic chaos. We conclude that India is a country which needs planning if
her economic development is to proceed smoothly. The final section of the
chapter is devoted to a study of the Indian plans as they were actually
formulated, and the results of their implementation. We note that, al-
though significant gains have been achieved, the performance of the Indian
econony has been, in general, below expectations.

The first plan is the only one which can be termed "successful'.
Modest targets, vnutilised capacity and favourable weather conditions con-
tributed to it. From then on, the plans have becn only partial successes.
A variety of crises have affected the Indian economy, and progress has been
slow. On the positive side, however, we find that a broad industrial base

has been built and significan® strides taken in an attempt to obtain econ-



omic independence, which is a prerequisite to true political independence.

Chapter 3 begins with a study of various types of optimal savings
models. The results of the earlier Ramsey and Tinbergen models are worked
out in some detail, and those c¢f later contributors — Koopmans, Malin-
vaud, Mirrlees, Chakravarty, Maneschi, von Weizsdcker, Inagaki -— are
merely noted. The study is intended to point out the maocner in which an
optimal time path of physical production can be obtained from a given
utility function. It highlights the difficulties inherant in obtaining a
reasonable time path for output in physical terms when the function to be
maximized is defined in the utility space. We conclude that it is more
practicable to define our objective function in physical terms.

We then move over to a survey of the literature on the static and
dynaic Leontief input-output models. These form a very important part
of our constraint system, and thus a study of some of the properties of
the system is made.

We finally undertake a survey of the various linear programming
models which have been built (by Chenery, Bruno, Manne, et al.) and the
problems that they have tried to solve. Ve note that no model has used
the linear programming technique to tackle problems of income distribu-
tion in any way. This is a gap which we attempt tc £ill in chapter 4.

Chapter 4 consists of a detailed description of the model. The
discounted sum of gross outputs over the plan years is maximized subject
to the consiraints that

(1) ths supply of sectoral cutputs are greater than or egual to

the total demand for tnem;
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(2) the supply of foreign exchange is greater than or equal to the
total demand for it;

(3) the output during the first two years is less than or equal
to a maximum permissible amount, which is given by the total
stock of capital available in the pre-plan year;

(4) enough capital is available in the last year of the plan to
meet certain post-~terminal growth requirements; and

(5) the sectoral outputs in each year are greater than or equal
to certain minimum permissible levels, given by factors, econ-
omic and non-economic, which are not explicitly considered
by the model.

Several kinds of redistribution schemes are- considered. They
include redistribution within the'rural and urban sectors, both separately
and simultaneously. Redistribution is carried out between the upper two
income groups, the lower iwo income groups, and between all the income
groups to a point of complete equality of income between the groups.

The latter part of the chapter consists of enumerating the sources
of the data, and the subsequent manipulations of the raw data necessary
te it the requirement of the model. Most of the original data is obtained
from the Technical Appendix to the Fifth Plan, published by the Goverrment
of India. Several tables are also adapted from Eckaus and Parikh's work.
Figures relsting to the current distribution of income for use in the
reference solution are cobtained from NCAER (National Council of Applied
Economic Research) publications.

Chapter 5 consists of a detailed study of the results obtained in



the models and suggests policy measures btased on them., Initially, a
comparison is made of the values of the objective functions obtained

under the different redistribution schemes which are feasible. Redistri-
bution between tne lower two groups generally leads 1o higher values

of the objective Tfunction than redistribution between the upper

two groups. BRural redistribution schemes yield higher values than urban
redistribution schemes. Agriculture generally has low shadow prices through-
out the plan. Consumer goods and services typically have high shadow

prices, especially in the first two yecars.

Redistribution between the two lower groups is feasible in the
rural and urban sectors. This holds true if we assume that households
retain their old pattern of consumption after moving to a new income
group or if we alternatively assume that they instantaneocusly change their
consumption pattern and take on that of the new group to which they telong.

Redistribution between the two upper income groups is feasible
in the rural and urban sectors separately, but infeasible when the schemes
are simultaneously applied in the two sectors. If consumption patterns
are allowed to instantaneously adjust in response to income changes,
rural redistribution becomes infeasible.

Bqualizing the average incomes between the urban and rural scctors
is feasible, and results in a higher value of the objective function than
that obtained for the referenmce solution. In this exercise the distribu-
tion of income within each sector is maintained at the status quo.

The sensitivity test results are then considered. The solutions

re extremely insensitive to changes in the discount rate. The solutions
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are completely insensitive to a change in the discount rate from 10% to
5%. They are fairly insensitive to changes in the discount rate to 20%.

The posing of even moderate post-terminal growth rates lead to
infTeasibilities in the majority of cases, including the reference solution.
The highest post-terminal growth rate possible for the relerence solution
is 0.3% per annum. Redistribution of income within the rural sector al-
lows higher post-terminal growth rates to be attainable. A redistribution
between the upper and middle income groups allows a growth rate of 3.4%
per annum, and that between the lower and middle groups allows a maximum
.possible post-terminal growth rate of 2.%% per annum.

The availability of less foreign aid makes redistribution betwzen
the upper two groups less‘attractive. This kind of redissribution is
expected to impose a heavier burden on foreign exchange than other kinds
of redistribution, aad so the result noted is expected.

A higher savings rate allows us to obtain feasibility for a com-
pletely egalitarian distribution. The ranking of the various redistribu-
tion schemes based on the value of their respective objective functions
is basically the same as that obtained in our initial run.

Several policy recommendations have been made based on the results
obtained. The redistribution of rural incomes is obviously very desirable
and perhaps necessary to obtain meaningful post-terminal growth rates.
1t is suggested that by subsidizing the rural middle class on the condition
that higher wages are paid by them to the lower class, one can build up a
strong rural 'middle-~lower' income group, which can act as a counter to

the politically powerful rural upper class. This is necessary for effec-



1

tive legislation to be passed, enabling the implementation of income
redistribution schemes affscting the rural upper class. This scheme would
not only allow higher posi-terminal growth rates to be possible, but also
better the economic conditions of the rural lower class, which is de-
sirable on its own grounds.

Fiﬁally, there is &lso a brief discussion about the type of plan-
ning into which we must enter to put into effect these redistribution
policies. Total quantity planning may be used to obtain the gross outputs
recommended in the solution exercises conducted. However, we would expect
6ur results regarding the effects of various redistribution schemes 1o
hold even if partial quantity planning is underitaken, as in the Indian
case.

Chapter 6 provides a summary of the results, and the conclusions
that may be drawn from them.

We move on now to a study of the meaining of underdevelopment and

why its existence makes planning desirable.



CHAPTER 2

DEVELOIMERT, PLANIING AND INDLA

(1) Development

The startling technological breakthroughs that have been expéri—
enced by several countries during the last fifty years or so have been
usually followed by a tremendous acceleration in the rate of economic growth
in these same places. This phenomenon has brought into existence a group
of countries which have been characterized as 'developed'. Simultaneously
we have been aware of another group, heterogeneous in nature, often widely
separated from each other in culture, traditions, and environment which
have been branded as 'underdeveloped' -—— the other side of the coin, as
it were.

Although a laborious digression into the world of semantics would
be particuvlarly uwnfruitful at this present juncture, it would be helpful
to us to examine the several key senses in which the word 'development'
is used. Tt could, firstly, refer to the 'quality of 1life', this phrase
iteelf perhaps needing further explanation. DMNMore specifically it could
relate to per capita incomes or consumption, the level of employment enjoyed
by the peoplc, the extent of social overhead capital in existence, the
depth of the capital base in the economy, or very many other similar things.
More often than not, underdevelopment has aiso been associated with ignor-~

ance, sococial backwardnesc and en incapaclty to absorb and assimilate new

12
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ideas and technigues. Thus we can enumerate several characleristics of
underdeveloped econcmies which can be used as checks to identify under-
developed countries. These characteristics very often occur together and
even reinforce one another. However, they sometimes do not, and one has
to then be very careful in specifying what one means when talking about
underdevelopment.

When analysing India's condition, I shall, for operational purposes,
distinguish beitween the two groups of characteristics listed in the previ-
ous paragraph. The lack of high levels of income, employment, etc. (the
first group), shall be associated with the word 'poverty'. The presence
of ignorance and the inability to assimilate new ideas and techniques would
imply the existence of underdevelopment. Using these specialised defini-
tions, we could say that, after twenty-five years of national planning,
India is still an extremely poor country with very slow progress being
made on that front. At the same time, however, India is developing at a
fairly fast rate in various fields (such as the production of steel, chemi-
cals, etc.), although even here the development has not been as rapid as
planned.

Concurrent with the development process, there has been a great
deal of activity on the part of economists and model-builders who have
enthusiastically entered the field to try to help in the planning process.
For an excellent survey of the work done, both theoretical and empirical,
on the Indian economy, the reader is referred to Bhagwati and Chakravarty's
article ( 8). lMost of the work, however, seems to be concentrated around

the 'development' aspects of planning with attention being paid only tan-
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gentially to the problem of stark poverty. The preponderance of efforts
alloted to studying the dynamics of change of various economic variables
resulted in attention being diverted from the consideration of the absolute
levels of some variables which determine the extent of poverty present.
These latter represent, in a sense, the 'state of the economy', and as

we shall soon see, provide the stumbling blocks on which the well-laid
plans of many model-builders go awry. In terms of the programming models
which we shall consider later, they give rise to additional boundary condi-
tions which often change the nature of the optimal solution, and may even
succeed in making many solutions infeasible. This problem is of a very
serious nature. Most programming mcdels that have been developed do not
take into account the boundary conditions that are imposed by poverty.
While this is acceptable when ithe models are built for economies in which
stark poverty does not exist, in the case of India it imposes a severe
limitation on the acceptability of the programming models as guides to
practical policymaking. We shall make an attempt to rectify this, and see
whether the standard results are substantially altered because of it.

The above also highlights the often-made point that in economic
planning, as in the way of life itself, one should be careful in trans-
planting institutions, laws, codes, etc. from environments which are very
different to one's own, merely because they had been successful at the
former place. The Bible spoke of o0ld wine in new bottles a long time sgo,
and Mao Tse Tung has echoed similar feelings in his thoughts. On the
contrary, however, the existence of a well-defined rich pool of knowledge

is a great asset to ihe model-builder, even when he is dealing with an



economy which is different from the ones considered before. The adapta-
tion cof o0ld models to meet the requirements of changed circumstances is
probably easier than building fresh ones from scratch, and on a priori
grounds, potentially no less fruitful. The heating system in an automobile
may be superfluous in most parts of India, bul surely the car is not. The
keynote is therefore to have a system which is dilferent not for the sake
cf being different, but rather so as to make adjustments for the new situ-
ation which is being considered.

This can perhaps be better understood if we.formulate the problem
in terms of simple control theory. We are studying a very simple hypo-
thetical system. The system might be a space vehicle or an economy. We

postulate that there are a finite number of variables at each point in time

called state variables. Let these be denoted by X1(t), xz(t), oo Xn(t).

In the case of an economy, these might correspond to different stocks of
capital goods at a particular point of time, or perhaps per capita consunp-
tion of different commodities at that point. They are called state vari-
ables since they symbolize the state of the system, e.g., the state of the
€COonomy . Thus, if we are interested in poverty, the state variables would
probably represent per capita consumption of various commodities. There
are, in addition, several control variables, Cyps Coy aes o which, once
specified for all time, completely determine the path of the state vari-
ables for all time. The dependence of the state variables on the control
variables can be defined by a set of first order differential equations:

(1) X, = fi(t, X, ¢)y, di=1,2, .. 1}
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. dx,
where x. = i.

at
In addition, the actual values of the control variables must
be from within the feasible set for the control variables, C.
(2) cec.
The optimal control problem can be stated as:
b
max or min J = 3 F(X, c)dt;
)
where x, ¢ are vectors and I' gives their instantaneous contribution to the
.objective function, subject to (1) and (2).

We find therefore that the optimal solution depends on the func-
tion F, and the value of this function depends solely on the absolute values
of the state and control variables. A realistic planning model must there-
fore pay a great deal of attention to the formulation of a realistic ob-
Jjective function.

In this formulation, it must be remembered that it is the state
variable which enters as an argument in the function, and not changes
in it. The importance of the state variables vis-a-vis each other there-
fore have to be determined before a plausible model can be formulated.

If some of the state variables are more important than others, this should
be reflected in the structure of the objeclive function, or possibly
worked in through the constraints system.

In passing we could note the similarities between this control
theory model and Tinbergen's (75) classic analysis of economic policy, by
considering aims, targets and instruments. In this case, the target is a

flexible one — that of optimizing J whereas the instruments correspond to
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the control variables. This similarity is to be expected as the control
theory formulation is thie most general method of posing an optimization

problem in planning.

(2) Plaiming

The introduction of terms like aims and targets bring in with them
the notion of consistency. We have to consider consistency between various
aims, and between aims and instruments. In non-technical terms, different
‘aims are consistent with each other if the attainment of some of them do
not preclude the attainuwent of others. Thus, the attainment of a suf-
ficiently high level of employment may clash with the aim of maintaining
a price'freeze, and Jjust as in the proverbial case of eating a cake and
having it too, a choice has to be made. It is this introduction of the
choice element, implying certain degrees of freedom being available, which
is the essence of plamning. Both economic analysis and economic planning
give rise to choice. However, planning implies a process which works in
reverse to that of analysis. In planning the targets are specified and
suitable instruments are chosen. In ecornomic analysis, however, the
instruments are specified, and the effects of their operation on target
variables worked through.

At this stage, we can formally define consistency models and opti-
mization models.

Consistency model: This framework has as its major objective the

maintenance of intertemporal and intersectoral consistency as the plan
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moves from its teginning to its end over the planning pericd, satisfying
specified intermediate requirements.

Optimization model: This type of model attempts to single out the

best among all alternative consistent plans.

Thus, any set of values satisfying the constrainis of a programming
problem would satisfy the consistency requirement. However, there may be
more than one set of values which satisfy these constraints. It is then
that one is faced with the problem of choice, and the need for planning
arises. An economy which has only one unique vector satisfying the con-
straints does not require a planming authority as its choice has already
been made.

We now turn to a brief consideration of the history of planning

in India.

(3) India

This section is based mainly on the works of R. C. Dutt (27),
D. R. Gadgil (30), W. Malenbaum (54), and D. Bhattacharyya (9), V.
Anstey (2), and A. Ghosh (32).

(a) Structure of the Pre-Plan Indian Economy.

The Indian economy had been practically stagnant in the Tirst
half of the present century. The bulk of the population (about 75%) were
in the agricultural sector, which together with fishing and forestry con-
tributed to more than 507% of the national income in the last pre-plan year

(1950-51). 1In that year, factories contributed about 6.5% and cottage
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industries and handicrafts 9.6% of the national output. Most of the income
was earned in small-scale enterprises. Of the portion of national income
which could be classified according to the size of enterprises, we find
that 86% of the income was earned in small-scale enterprises. Labour
productivity was extremely low, amounting to Rs 665 per amnum per worker

as an average for the nation. If we consider the fact that there were 1.5
non-workers for every member of the working force we obtain a per capita
income per annum of Rs. 260, which at the exchange rate prevailing amounted
to $55.

Savings and investment were both very low, amounting to 5% of the
national income. Not only was this a coustraint put on the expansion of
investment activity, but the "ability to invest" (Hirschman (41)) was
also low. This term signifies the potential that a country has to invest
in the form of skilled workers, innovating and risk-taking entrepreneurs,
and in the proper organisation for planning and administering development
schenes.

This, of course, is typical of any country which has been subserv-
ient to a colonial power for any length of time. If the key to official
policy is the extraction of all surplus from a country for the enrichment
of another, scarcely any atteniion will be pald towards the balanced
structural development of the former. This is evident in the pattern of
development which took place during the last hundred years of British rule.
A Tairly advanced system of railway communications was set up, as also
roadways. However, the pattern of development of transport and communi-

cations was geared towards the exitraction of raw materials and other prim-
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ary products from the economy for transport to the West, and the distribu-
tion of cheap factory produce (e.g., cotton textiles) from British factor-
ies 1o the vast markets within the country. Thus, we find that most of
the railroads connected the hinterland with the important ports, but the
development of transportation between different areas within the country
was very limited.

This use of India as a source of raw materials and market for
factory products was also reflected in the commercial policies followed.
Thus we find that heavy excise duties were clamped on Indian cotton textiles
to facilitate imports from the mills in Lancashire.

The plantations were developed too with a view to providing cheap
raw materials. Indigo, jute and tea plantations come foremost to mind.
The labour used in these plantations was recruited, often forcibly, by
contractors. The living and working conditions of the plantation labourers
were wretched, even when compared to the impoverished conditions of the
working force as a whole,

In the above context, we may consider what Lange (47) had to say
about the structure of under-developed economies, whether under a foreign
colonial power, or a domestic monarchy:

"The feudal mode of production is characterised by

low productivity and correspondingly a low economic
surplus is produced. The feudal ruling class, however,
use the small surplus produced for conspicuous con-
sumption, i.e., for unproductive purposes.... instead
of utilizing their incomes for capital accumulation and
consequent productive empioyment of labour. As a major
part of the underdeveloped countries became subject to
colonial rule, this drain ol the small economic surplus
was increcased by the very expensive colonial adminis-

tration. When an underdeveloped country remained in-
dependent, the same drain was usually performed by the
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domestic monarchy and its officials. In the period of
monopoly capitalism which startcd towards the end of
the nineteenth century, the unproductive drain of the
economic surplus ol the underdevelopcd countries is
reinforced through proiit-taking by foreign capital....
The monopoly profits made in this way are on the whole
not reinvested in a way conducive to the economic pro-
gress of the underdeveloped countries. A major part
of the profit of forsign capital is taken out from the
underdevelored countries and used for the economic
development of the metropolitan countries ... or are
invested in such weys as not to create competition for
the basic industries owned by the same monopolistic
groups in the metropolitan countries. As these are —
as a rule — heavy industries, such capital as is re-
invested in the underdeveloped countries is invested
in consumers' goods industries and in the production
of raw materials and staple food products."

The above quotation from Oskar Lange, reflects very accurately the
Indien experience. Ags she stood on the threshold of the planning era,
India had en economy which was characterised by low producticn, low per
capita income, a preponderance of people in the stagnant rural sector, low
levels of savings and investment, low productivity, very little technical,
entrepreneurial, and organizational talent, a structure of transport and
communications which was geared more towards the extraction of raw mater-
ials for shipment out of the country than for the balanced growth c¢f out-
put, and an almost noun-existent infrastructure of basic industries. After
nearly 2% years of planning, most of the problems still exist, but progress
has been made on all these fronts with varying degrees of success. Although
none of the developments have been of a dramatic nature, the levels of
output, employment, savings and investment have risen considerably, and a
start has been made towards ectablishing the infrastructure cf basic indus-
triesg, so vital to a country striving to break away {rom dependence on

others.
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(v) Rationale for planning in India

In order to view this subject analytically, let us consider the
characteristic features of a planned policy. According to Tinbergen (75),
they are “(i) Bstimation of future developments as a basis for policy de-
cisions instead of relying on the past evidence available at the moment
of decision. (ii) The explicit formulation of more general aims of policy,
in the ideal case for the economy as a whole, instead of incidental action.
(iii) Coordinated action instead of random action by individual ministries
or services."

From the above, we can argue that the need for central planning
is greater, the greater the need for these three characteristics in the
functioning of the economy. Let us look at this in more detail.

Th

8]

need for accurate forecasts is greater, the greater the in-
stability present in the economy. In the case of India, the uncertainty
surrounding agricultural production due to its dependence on climatic
factors, causes instability. This factor seems all the more important
when we consider the overwhelming importance of agriculture in the Indian
economy .

Consider the second of the three characteristics enumerated above.
We can say that the need for planned economic development is greater, the
greater the divergence between the aims of a country and its actual per-
formance. This divergence is expected to be great in affluent countries
in times of stress, e.g., depressions, world wars, and in poor countries
at all times. In the latter, the aim of accelerated development by means

of large investments in capital goods is foiled by the inability to gen-



23

erate a surplus after consumption. In such a case, one has to resort to
planning in order to generate and use the surplus.

Finally, the need for coordination is greater, the greater the
number of instruments used in the policy. The number of instruments used
in turn are greater, the greater the divergence between aims and reality.
The exact number of instruments to be used varies with the political and
economic philosophy rrevailing in the country in question. So we find that
commnist countries have more targets (e.g., the equalization of income),
than the capitalist countries, and have to use more instruments to achieve
them., Moreover, the size of a country also determines the amount of effort
that hasz to be spent on coordination. There is hardly any doubt that
gize~wiae, India has one of the larger economies in the world, end this
too suppirts an Indian embarkation on planned development.

We have thus come to the concluzion that accelerated capital ac-
cumilation, directed by a cenvral plamming authority, is the only course
to follow. DBroadly the same conclusion was reached by Lange (47) when
he said:

"A characteristic feature of the underdeveloped coun-
tries is the lack of a sufficiently broad and wealthy
class of domectic industrial capitalists which would
command the resources for substantial investments in
industrial development. It is impossible to repeat
the way taken in the beginning of the nineteenth cen-

tury by the countries of Western Europe where capital
accumulation was carried out with the private resources
of the industrial middle-~class. In VVestern Burope this
process wag also supplemented by resources derived Ifrom
colonial exploitation. Even under these favourable
circumstances, the process of industrial development
was relatively slow, too slow to satisfy the scocizal
needs of modern times. Nelther is irndustrialization
and economic development possible through the influx
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of foreign capital. Foreign capital, on the whole, is
ready to come to the underdeveloped countries only as
monopoly capital under colonial or semi-colonial con-
ditions.... However, under certain favourable conditions,
as in the case of a large and strong country like India,
with strong rivalries among different groups of Ioreign
monopoly capital and with economic aid from non-capit-
alist countries, foreign capital may be utilized to =z
certain extent for economic development. The extent

to which this can be done is, however, strictly lim-
ited. For the very conditions of such an advantageous
utilization of foreign capital require development of
the internal resources of the country in order to make
it sufficiently independent and strong to accept for-
eign capital on its own terms. Under the circumstances
stated, economic development can take place only on

the basis of public investment...."

We have thus far argued that public investment is necessary for
accelerated development. The question of the extent to which public in-
vestment should replace private capital formation has, however, been a
controversial one, Should the state take over responsibility for all
kinds of capital formation or should it merely control several key indus-
tries in order to lead the economy? This is an issue which camnnot be
settled on economic considerations alone. One has to also consider the
administrative expenses which the two schemes would involve. DBy and large,
it seems that India is following the latter path of government control
over the key or basic industries, while allowing the private sector to

operate in the rest of the economy.

(c) The plans

A book published by M. Visvesvaraya in 1934, Planned Economy For

India, was the first formal attempt made at setting up a plan for devel-

opment in India. In 1937, the Indian National Congress set up a National
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Planning Committee.

In 1943, two plans were published — the Bombay Plan, drawn up by
eight leading industrialists, and a People's Plan drawn up by M. N. Roy.
Tke Bombay Plan aimed at raising agricultural and industrial productions
by 130% and 500% respectively over a 15-year period. DPer capita income
was to rise by 100%, and priorities were to be given to basic industries.
The People's Plan gave top priority to agriculture and the consumer goods
industries. Its duration was 10 years. A Gandhian plan was also brought
out which wanted a decentralized system based on self-sufficient viilages.

India attained independence in 1947, and a Planning Commission was
set up in March, 1950, after several short-term plans had been put into
operation to restore normalcy following the chaotic conditions of post-
independence India. The first five—year plan was officially put into

operation in April, 1951, and was followed by others.

THE PERSPECTIVE PLAN: 1951-1976

Aims: The plans aimed at a continuous rise in real income, with
real invesitment rising faster than the former. This would be brought
about by a substantial increase in the savings rate by having a marginal
savings rate far higher than the average. At the outset, deficiencies in
domestic resources would be met by imports from abroad, but the deepen-
ing of the capital base would soon make the country self-reliant. As the
savings rate stabilized at a high value, the growth rate of the economy
would be high enough to sustain a continuous increase in per capita

income.
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Targets: "In this 25-year period, total net investment in rupees
of constant value would increase from Rs. 450 crores* in the last pre-
plan year, 1950-51, eventually 1o reach Rs. 5,000 crores in 1975-76,
the final year of the fifth plan. From some 5% in 1950-51, as indicated
in early plan documents, investment ratios were to grow to 17%. New
investment per unit of additional income was scheduled to be almecst twice
as high in the fifth plan as in the first. This marked increase in capital
intensity would be particularly manifest in the modern industry sector,...
Nothwithstanding such intensive capital rise, the level of real national
income was still expected to be more than three times as high in the last
year of the fifth plan as it was in the last pre-plan year. On a per
capita basis, real income would more than double over this 25-year period;
it was to continue to grow thereafter. The whole development scheme was
characterized by an expanding ratio of investment in the public sector
to total investment." (Malenbaum (54))

Instruments: "From well under half in 1948~51, and this mostly
in infrastructure like railways, power and education, the relative impor-
tance of government in new investment was to grow. It was projected at
64% of total new investment in the 1966 draft fourth plan. What is more,
along with continued expansion in the basic fields of communications,
power end irrigation, government was moving rapidly into direct invesiment
in business enterprises -— machine tools, telephones, paper, steel, chemi-
cals, fertilizer, minerals, and a wide variety of heavy mechanical and

electrical machinery." (Malenbaum (54))

* 1 crore = 10 million;- 1 lakh = 100,000.
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FIRST FIVE YEAR PLAN: 1951-56

Aimg: The main preoccupation of the first plan was with curbing
the prevailing inflationary situation and alleviating food shortages. 1t
also tried to increase productivity and set into motion new social and
gconomic processes which would raise the standard of living of the people.

Targets: The first plan envisaged an increase of national income
by 11.5% over the period of the plan. This was to be composed of increases
in agriculture (by 14%), mining and manufacturing (18%), trade (6.8%),
and services (3.2%).

Instruments: "As far as is known the first Five-Year Plan started
merely as a process of summarizing, rationalizing and coordinating sep-
arate schemes of development and presenting them together, a compilation
of the piecemeal projects of the departments, lacking in any theoretical
underpinning or overall visualigzation of the future." (Ghosh (32))

"Of the total public develcpment expenditure, 15% was spent on agriculture
and community develcpment, 16% on multipurpose and other irrigation pro-
jects, 27% on transport and communications, 13% on power projecls and only
6% on industries and mining, including about 2% on the small industries."
(Bhattacharyya (9 ))

Results: Favourable monsoons, unused capacity in industries,
and modest targets enabled the country to reach most of its targets.

Optimistic Indian planrers now prepared for the second plan.

SECOND FIVE YEAR PLAN: 1956-61

Aims: "The pattern of public development expenditure in the Second
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Five Year Plan was governcd by a different system of priorities. By the
end of the First Plan, the food posiftion had considerably improved and the
supply of raw materials to industries was also more smooth. The percentage
of utilisation of capacity was higher in almost all established industries
and the railways were over-worked. The necessity was therefore felt for
an all~round expansion in capacity involving initially an expansion in
the capacity of the heavy and basic industries like iron and steel, coal,
cement, fertilisers, heavy engineering and the heavy chemicals." (Bhatta-
charyya (9 ))

Targets: National income was expected to increase by 25% over the
plan. This was to consist of sectoral increases of 18% in agriculture,
46% in mining and manufacturing, 23% ir trade and 23% in services.

Instruments: "This was very much in advance of the First Plan.

In a way, real plasnning in the sense of a formal projection on the basis
of certain sets of assumptions about the economy and its working, was
started with the Second Five Year Flan.! (Ghosh (32)) The theoretical
underpinning of the plan was supplied by the Mshalanobis model. The
Second Plan allotted 11.8% of its total expenditure for agriculture, 10%
for irrigation and flood control, 18.5% for industries and minerals, 28.9%
for transport and communicaticns, 8.9% for power development, and 19.7% for
education, health, social welfare and rehabilitation.

Results: The aschievements of the Second Plan were far below ex~
pectations. Natioral incouwe increased 19%, agricultural production 16%
and industrial production by 39%. Meanwhile, a foreign exchange crisis

developed. Among the achicevemcnts of the plan was a substantial stepping

.
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up of the tax effort.

THE THIRD FIVE YEAR PLAN: 1961-66

Aims: The Third Plan took into account some of the shortcomings
of the Second Plan. It restored to some extent the importance of the agri-
cultural sector. The creation of employment opportunities and the pro-
vision of facilities for education was also given more emphasis than had
hitherto been the case.

Targets: National income was expected to rise by 51%, agriculture
.by 28%, industrial production by 59%, trade and commerce by 33%, and
services by 28%.

Instruments: The plan alloted 14.2% of total public expenditure
to agriculture, 8.7% to irrigation, 13.5% to power, 3.5% to village and
small industries, 20.3% to organised industry, 19.8% to trausport and
17.3% to social services.

Results: "The achievements of the Third Plan were far short of
the targets. Again, there was a foreign exchange crises, and the capital-
output ratios and investment lags were higher than assumed.... In general,
it has been assumed in assessments of the Plan that the targets were ori-
ginally based oa realistic estimates of prospects and parameters. The
reasons given for lack of success include not only unforseeable exigencies
of weather and increased defense spending, but also inadeguacies in imple-
mentation which may mean either too little, too much, or the wrong kind
of govermment intervention, depending on the source of criticism."

(Bekaus end Parikn (28))
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Because of the very disappointing results obtained from the third
plan, it was decided in 1966 to postpone the commencement of the fourth
plan, so that the planners could make a thorough evaluation of the situ-
ation, and modify their plans accordingly. For the three years following
the third plan, annual plans were formulated. The following table is a
summary cf the growth of national income in those years, as also their
breakup into the income growths experienced in the agricultural, and mining
and large scale sectors respectively.

Indices of Income

1960 1964 1965 1966 1967 1968
Indices of -61 ~-£5 -66 -67 -68 -69

Total national

income 100.0 119.8 113.1 114.0 124.2 126.5
Income in agri-

cultural sec~

tor 100.0 110.2 94.1 94.0 110.8 109.6
Income in mining

and large-~

scale menu-

facturing 100.0 141.8 145.8 147.5 146.3 155.0

Source: Fourth Five Year Plan.

FOURTH PIVE YEAR PLAN: 1969-T74

Aims: A major objective of the plan was to create more employment
opportunities in the rural and urban sectors. There was also a distine-
tive aim of attaining a national minimum in standards of consumption.

Targets: National income was expected to grow 31% during the plan.
Per capita income was expected to increase 3% per annum. The rate of dom-
estic savings bad to be increaced from 8.8% in 1968-69 to 13.2% at the end

of the plan, and investment increased from 11.3% in 1968-69 to 14.5% by
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the end of the plan.

Instruments: The total public sector outlay was Rs. 15,902.2 crores.
The breakun was as follows: agriculture and allied sectors — Rs. 2,278.2
crores (17.2%); irrigation and power — Rs. 3,53%4.1 crores (21.1%); indus-—
try and minerals — Rs. 3,337.7 crores (21%); and transport and communica-

tions —- Rs. 3,237.3 crores (20.5%).

(d) Critigque

India has had nearly twenty-five years of planning. The long-
term objectives of the plans, when they were first formulated, were set in
a twenty-five year perspective. Now that that length of time has nearly
elapsed, we find that in a great many respects expectations have not been
realised, and targets not fu]filied. Only the first plan could be called
considerably successful. All the other plans gave rise to serious defici-
encies, and sometimes crisis sitvations existed, e.g., the foreign ex-
change crisis during the second plan, and recurrent food shortages when-
ever climatic factors were not favourable.

Excepting for the first one, the plans have generally been formu-
lated on the basis of macro economic models, and formal tests for consis-
tency conducted. The basic strategy has been usually clearly outlined,
and the actual outlays correspond very closely to figures obtained in
exercises with the mathematical models on which they are based. Actual
targets have been revised if they were found to be too optimistic or too
pessimistic, The achievements have, in most cases, fulfilled targets

partially. The aim of building viable basic industries is being slowly



achieved, but, somehow, the results obtained do not seem to be good

enough. Thus, even though each of the plans could be called a partial suc-
cess, the cumulation of partial failures over the years have generated
what has been called a "quiet crisis in India".

The summaries of the various plans give us an idea of the format
on which they are based. A thorough evaluation of them is difficult be-
cause the models on which they are based are not available to the public.
Thus, we do know that tests are carried out to ensure inter-sectoral con-
sistency, but the assumptions and relationships used to derive final
demand and investment figures are not clearly spelled out. When we do
observe deficiencies and bottlenecks, a lot of guesswork is involved in
trying to determine what went wrong.

One criticism, vhich has been frequently levelled against the
planning authority, is that, although great care is taken to ensure inter-
sectoral consistency, not much atitention is paid to inter-temporal con-
sistency. Bergson and lanne (6) found the fourth plan to be inter-
temporally almost consistent. This meant that proper atitention was not
given to the time phasing of projects. So, we could have had a situation
where machinery was bought to start a factory but the factory itself was
not built! Sometimes these bottlenecks could work in a vicious circle.
The solution, of course, is to take into account inter-temporal consistency
when a plan is made.

Another general criticism levelled against the plans is that they
have been too aggregative. DProper attention has not been paid to the

various sectors which exist within the broad aggregate. A more decentral-
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ised system of plamning could solve this problem. In this respect, the
Indian plans have not really followed the example set by their Soviet
predecessors. ln the Soviet planning system, a two-way communication sys-—
tem existed between the planners at the top, and those who operated at the
local level, There existed a hierarchical system which linked the plamners
at the different levels. Broad plans and development strategies were worked
out at the top, and were transmitted through the various levels of plammers
until they reached the bottom. Messages from the local level were then
sent back to the top. XKornai (45) gives a very vivid description of this
process. He also presents algorithms to solve programming problems which
arise in what he calls "two-level planning'". Thus, a coordinated system
of planning results. In the Indian case, however, there has hardly been
any participation by the lower echelons in the plawning process. Vil-

lage councils have been set up, and a huge agricultural and community dev-
elopment scheme started with their base in the village. However, in

most cases, participation has been very weak. Decision-making at the

lower levels to fulfil plan targets have been almost negligible. The
planning apparatus in India looks like a topheavy struciure with sweeping
decisions being taken at the higher levels without any machinery being
created to translate them into tasks to be performed by the lower

ranks.

A point related to the above is that the plans affect only a very
small section of the economy. The actual plans themscelves are programmes
of expenditure to be undertaken by the public sector in different areas of
the economy. Sometimes figures for private investment are also given, but

no detsiled breakup by scevors is given. There is no indication as to who
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is egupposed to undertake these expenditures, nor how he is expected to
raise funds for them. The major section of the economy is vnorganised,
and is affected very little by plan expenditures. The plan work should
now be devoted to eusuring that the lead taken by the public sector is
followed by theother parts of the economy, through linkage effect. Key
sectors have to be identified (68), and the government should control them
directly so that the effects can seep through to the rest of the econ-
ory. At present, a dual economy persists with a modern organised sector
which is making tolerable improvements under the plans, and e stagnant
rural sector, which is still backward and very much unaffected by what
happens in the plans.

The technique of raising resources for the plang has also been
called into serious question. Thé technigue used has been one of calcu-
lating the savings forthcoming domestically, and bridging the gap be-
tween it and the invesiment by various ad hoc means (such as the printing
of new money). One wonders whether this is the right way to decide on
one's outlay. As A. K. Dasqupta (24) put it,

"One is reminded here of the textbook distinction be-
tween private finance and public finance to the effect
that whereas in the former, expenditure is adjusted

to income, in the latter, income is adjusted to expendi-
tures. Planning is, if anything, an extension of the
area of public finance.,... In planning, as much as in
public finance, expenditure — which in the context of
developmnent is what we call investuent - has a prior
claim for comnsideration, to be fixed with reference to
some sort of a target; resources are then to be adjusted
to it, even though the determination of the target
iteelf may have to be tased on an estimate of the range

cf poussibilities of resource nmobilization.”

Concern regarding the savings ratio has led to lower targeted
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growth rates than could be achieved, and actually have been achieved by
other countries a2t a similar stage in their development. One must not,
of course, overdo the argument, or underestimate the importance of having
an adequate domestic savings rate. Once a pattern of investment is formu-
lated, the supply of savings for it is certainly not automatic. How-
ever, it could be obtained by suitable financisl policies in a country
like India, which has one of the most unequal distributions of income
in the world. "In India ... the really problematical issues for dev-
elopment are certain specific needed inputs of commodities, skills,
organization, and foreign exchange. The appropriate strategy is one
that is geared to ihese specific scarcities." (Lewis (51)). So, as
Hirschman (41) has pointed out, the"ability to invest" may place a
closer limit on capital formation in underdeveloped ouniries than the
"ability to save”,

Foreign exchange poses one of the crucial bottlenecks for
the economy. When analyzing this problem, too, we cannot take the
"required savings approach". The statement that we do not save enough
to pay for all our invesitments, and therefore borrow from abroad,
is not a correct formulation of the problem. We could, alternatively,
say that the foreign exchange bottleneck, by limiting investment, res-
tricts the growth of national income, and thus prevents adequate savings
from being made available.

Since most of India's imports are necegssary for her develop-

ment plans (there being stringent restrictions on non-essential im-
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ports), it will be very difficult to economise on them. Her export
prospects are not very bright either. The demands for her traditional
exports, e.g., jute and tea, are sluggish, and raw materials have
very unstable markets. Decisive action has therefore to be taken

to start a balanced growth process to enable her to supply her neces-
sities domestically. This requires action on & broad front so that
individual demands and supplies can be matched. And this is exactly
where the plans have failed. The plans have merely ccncentrated at-
tention on certain selected areas of the economy, without paying proper
heed to whether their effects seep through to the rest of the economy.
Unbalanced growth has been the order of the day.

It is usual to talk about the first plan as being agriculture-
oriented, the second being industry-oriented, and the third, while
being still industry-oriented, shifting its emphasis slightly to agri-
culture, When taken in conjunction with the usual plan tables showing
the percentages of total public outlay to be devoted to agriculture,
industry, etc., we tend to think of the two sectors as being compe-
titive. This, however, is not the case. The main constraint
on industrial growih is a shortage of capital which can be interpreted
as a shortage of foreign exchange., However, the prime constraint
in the sgricultural sector is the lack of suitable organization.

These constraints are unrelated to each other, at least, in any
simple way. Thivs 1t is possible to press on with the growth of heavy

Industry and agriculture simultaneously withou contradictions arising
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in the system.

An important lacuna in the plans has been the complete neglect
of policies geared bto influencing the distribution of income. This
is rather strange as its imporlance is acknowledged by people from all
walks of 1life, and by the planners themselves in the draft outline
of the fifth plan. Greater attention ought to be paid to this area
of the plans.

Considering the plans in turn, we find that not much is written
or said about the first plan. This may be because in many senses
it was not a plan at all. If a plan may be defined as a coordinated
and consistent series of measures, we find that the first five year
plan does not fit into the category. It was rather an enumeration
of schemes and projects already in existence, anian estimation of the
levels of performance which could be reached by these at the end of
five years. The first plan has been called an agricultural plan,
but that merely reflected thepattern of investment in various projects
which were already in exisisuce within the economy.

The firsl plan has also been called a moderately successful
plan. That, however, was due to favorable weather conditions in
the agricultural sector and unused capacity which existed in the manu-
facturing sector before the plan.

India begaun plamning in a meaningful sense only from the second
plan onward. The Mahalsanobis model (53) was used in this plan for,

firstly, allocatirg investment between the investiment and consump-
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tion goods sectors, and secondly, allocating investment among the
various consumer goods sectors with a view 1o creating a certain targeted
level of employment. The plan followed Mahalanobis' figures very
closely and gave a lot of emphasis to the capital goods sector. The
model, however, was (oo aggregative, and did not pay enough atten~
tion to internmal consistency. As a result of this, serious bottle-
necks developed, and the plan performance was rather disappointing.

Unfavorable monsocons worsened the situation. The estimates
of population growth (1.25% per annum) were found to be too low, the
actual growth rates being nearly double that figure. The latter was
due to a sharp reduction in death rates, Dbecause of improved medical
facilities, with no corresponding reduction in birth rates.

In the application of the Mahalanobis model itself, there
were grave discrepancies in the estimates of the savings rate and the
capital-output ratios. As pointed out by Ghosh (32), the savings
rate estimate was too high and the capital-output ratio estimates
too low, both errors contributing to overly optimistic forecasts of
the growth of national income. The latter was due to the presence
of excess capacity in the economy.

The third and the fourih plans seemed to have suffered from
the same lack of linkage effects between the fast growing orgeanised
sector and the stagnant traditional sector. Growth proceeded in a
very lopsided manner. In this connection, one remembers Hirschman's

(41) thesis of unbalanced growth, accerding to which certain key sectors
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develop fast, and then backward, forward, and lateral linkage effect
pull up the rest of the economy. In this case, certain sectors have
been growing at a modest pace, but the rest of the economy does not
show very many signs of keeping pace with them.

In summary, we can say that the plans will cnly be successful
if the entire economy can get involved in the development process.
It is & tribute to the tolerance of the people that even after 25
years of planning, grave inequalities of income distribution and semi-
starvation conditions for about 30% of the people can exist while pro-

ducing only a '"quiet crisis".
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OPTIMALITY CRITERTA AND FLANNING MODELS

(1) Tne Plannir.g Froblem Posed

We shall, in this chapter, undertake a critical investigation of
the several crucial problems which exist in planning, both theoretical
and empirical, and consider the various solutions that have been offered
for them. We shall, in the prccess, make a survey of different types of
plamming models which exist in the literature, and consider their limita-
tions in the light of the.problems that they try tc solve. The limita-
tions considered shall inciude toth those which are generual in nature and
also the ones which specifically limit the applicability of such models
to eéonomies like India's,

We can start off by considering a problem which has been an age-
old favorite with economists — that of the Robinson Crusoe economy.
Crusoce, marconed on a deserted island, looks around for sustenance. Due
to the lack of game and wild life on that island, he thinks that fishing
would be a good idea, and fashions a makeshift rod and tackle for that
purpose. He Iinde however that with these implements, the catching of
fish is a slowgoing and laborious process. The idea of making a fishing
net strikes him. He knows that once the net has been made,his prospective
catch would be much higher than what it would be without it. However,

during the period of %ime that he is weaving the net, he would be able to

40
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devote much less time to the catching of fish. Moreover, the more sophis-—
ticated that he makes the net, the higher will be his prospective catch,
but correspondingly the more ftime will he have to devote to making it.

He thus has to make a choice. By sacrificing varying amounts of present
consumption, he can correspondingly add varying amounts to his future
consumption. In deciding what is the optimal amount of present and Tfuture
consumption for him, he solves one of the simplest problems in planning.

This simple model not only illustrates an elementary problem of
choice but also shows the importance of the gestation period of invest-
"ment. The fishing net becomes productive only after a time lag. This is
especially important in this case,as Crusoe is obviously plamning with a
finite time horizon at this stage. The models connected with optimal
planning under infinite and finite time horizons shall be briefly consider-
ed later.

Let us assume that Crusoe weaves a modest net, catches fish and
prospers. After a period of time the wearing away of the net becomes
evident. The persistent usage has led to its depreciaticn. Holes appear
in various parts of the net through which some of the fish slip away. It
is less efTficient. Woreover, his staple fish diet has led to a gradual
depletion of the availability of fish in the immediate vicinity of the
island. The fishing net cast from the island is becoming less and less
efficient in catching fish, and a boat which could take Crusoe away from
the sghore would definitely improve matters. The o0ld techniques of produc—
tion are becoming obsolete and require replacement by newer techniques of

production which require new equipment.
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What then are the alternatives facing Crusoce between which a choice
has to be made? He could continue rishing as before until his net wears
out. In that way his entire efforts would be devoted towards producing
for present consumption. He could make repairs on his net which would
represent replacement investment to take care of depreciation. He could
weave a new net which would be investment in an old type of capital good.
Or he could build a boat which would be investment on a new kind of capital
to take account of obsolescence. We find that the alternatives facing
Crusoe have increased and his choice mechanism has become more complicated
as the econcmy itself becomes more complicated.

An important point to be noted in the analysis so far is that
Crusoe's labour time is the sole limiting factor on production. Natural
resources are available in plentiful supply as yet. This is to be expccted
in an under-populated economy like Crusoe's but need not, and normally
will not be the case. We will find later that considerable adjustments
have to be made to econocmic theory and the results obtained from it when
the number of limiting factors increase from one.

Man Friday enters the scene and the total availability of labour
increases. However, his fish-catching skills have not been overly-devel-
oped, and the only way he cen fish is by using the old-fashioned rod and
tackle. Crusoe now has another choice. He can use his time, i.e., re-
sources, to teach Friday how to use a net. He can use some more of his
time to teach Friday how to make a boat and row it out to fish. Downward
mobility is assumed betwesen occupations graded according to their levels

of sophisticailion. Thus, if Friday has been taught ‘%o construct a boat,
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and take it out to sea to fish, he can surely cast his net from the shore.
Multi~skill menpower planning has been introduced. A model which is based
very much on these rudimentary ideas has been used by Alean llanne in his
DINAMICO model of the lMexican economy. A good summary of it appears in
Goreux and Illanne (57).

As the economy prospers still more, the residents of the island
become more ambitious and try to produce more complex commodities like,
say, a log cabin. The complexity arises from the fact that they cannot
immediately start constructing the cabin. They have to first cut down
trees to obtain logs. Thus some kind of saw has to be fashioned. Nails
and hammers are required to construct the cabin as also to perhaps make
the saw. Thus a pattern of inter-connectedness becomes apparent in the
production process., Ve could say that the lines of production have leng-
thened. It is no longer a question of merely putting human effort to
dirsctly make the desired commodity. Intermediate commodities have to be
produced first. Moreover, they still have to catch fish in order to sur-
vive. This is a particularly important point to keep in mind when con-
sidering many of the poor countries in the world where a large section of
the population is waging a fierce bettle {0 merely survive., Of course,
since the sole limiting factor is labour, one can still evaluate the worth
of each commodity in terms of labour costs. However, the simple producition
function does not exist any more, and one has to introduce detailed
input-cutput techniques to find out whether the production of a particu-
lar commodity is viable. The inter-connectedness and the viability of the

preduction process will be looked at hriefly later.
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The complexities of production bring in the notion of consistency
to planning. Ii a log cabin of specified dimensions is to be built, a
certain minimum number of logs have to be cut down in order to make it
possible. Morcover, when planning over a length of fime the decisions
have to be also inter-temporally consistent. I one wants to complete
the cabin by year 'three', one has to have the requisite supply of logs
before that time.

The discovery of another inhabited island nearby brings in further
alternatives between which choices have to be made. Crusoe€ may now devote
his entire time and resources to making boats, and import his fish require~
ments from the other island or vice versa. If the other island is techno-
logically more developed and produces outboard motors for boats, Crusoe
might consider building motor boats by importing motors. However, since
he does not make motors at home, his imports of them will not compete
with production at home. If he now decides to get merried and set up a
family, he has to make a further choice between producing for the present,
and producing for the future generation.

We thus find that a multiplicity of choices face even this very
simple economy. We know that the actual choices made have to be optimal
in some sense, This however is merely stating the problem. ITacking any
explicit knowledge of some kind of rule for ranking different levels of
social welfare one hag the option of terminating the discussion here.

This could provide smug contentment to theorists but really does not solve
the problem of making a decision. Crusoe and Friday do make a decision

and it is up to us to find out the basis on which this is made, as also
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to enumerate several sensible criteria on which it could be made.

To begin with, we could assume that the utilities of the different
individuals comprising a society should have some relation to total social
welfare. This presupposes, of course, that individual utilities are
measurable and comparable, and that is assuming a lot. Overlooking this
factor however we find that still we run into trouble. Arrow's (3) theorem
on the impossibility of obtaining a social decision rule from individual
utility functions satisfying some very simple sensible rules is well known,
and requires no further elaboration. Intuitively this result is very
easily understood. If the tastes of Crusoe and Friday are irreconcilably
opposed as regards any particular activity, we cannot say what course of
action would be socially optimal.

We therefore bypass this problem in optimal savings and growth
theory and assume that the welfare function of society as a whole is
given, and is dependent on various aggregative economic variables, usually
some measure of consumption. The several optimal savings and growth models
that have been built usually differ from each other in the exact nature
of the utility function used, the type of production function assumed and
the length of the planning horizon considered. Though much water has
flowed under the bridge since Ramsey (65) originally posed the problem
in 1928, we shall attempt to point out the important results obtained in
this field as well as the lessons they hold out for our own work. To this

we now turn.
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(2) The cbjective function: optimal time patterns and the utility function

The problem of optimum savings was first considered by Frank

Ramsey in the Zconomic Journal (1928). Interest in the topic lapsed with

the advent of the Great Depression and the War, until it wag revived by
Tinbergen in the 1950s. We shell consider Ramsey's model and one of
Tiabergen's earlier models in some detail so as to get some idea regard-
ing the framework within which this problem was tackled. The major
points made by other later models will then be stated without the detailed
workings being shown.

Ramsey, assuming an infinite time horizor, postulated a general
utility function of the form U(Ct), wnere CJG = congumption at time 't',
assumed to increase monotonically with time.

The problem can then be written as:

max gmU(Ct)dt (1)
30

It is evident that the above integral does not converge. To get
around this problem, Ramsey introduced the notion of bliss. 'Bliss! was
defined as the maximum value that could be assumed by the utility rfunc-
tion and was denoted by B. Assuming a monotonically increasing consump-

tion funetion, therefore:

o . Lt U(Ct).

- (2)
B boce 2)

The existence of this blies level could be explained in two dif-

ferent ways. On the one hand, this could coms about through satiation in
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consumption. On the other hand, production limitations, because of
resource constraints, could determine the bliss level. However, it came
about, a particular level of bliss was determined. The above maximum

problem could then be looked upon as a minimization problem as follows:
min & B - v(c,)] at. (3)
0 t

The equivalence of the two formulations can be understood better
by considering the following diagram:

U

Figure 1

Instead of maximizing area X as under the original formulation,
one now minimized the area Y.
Let Y = F(K) be the production function (4)
where Y — total production

K — stock of capital

Now, Y, = C, + S, (5)
= C, +-Kt, where dots represent derivatives taken

with respect to time.



Y - K (6)

or Cp o= ¥y - Ky

]

F(Kt) - K

il

t
the problem is:
min Xo [ - vfelx,) - & Hat (7)
This is a problem of the calculus of variation, and we shall use
certain standard mathematical results which exist in the literature on it.
Mathematical result: A necessary condition for K(t) to give a
o maximum or minimum for the integral
b
p[t, x(t), k(t)]at
a .
is that K(t) satisty the Euler differential equation
oF i_(é.’f,“.)_ 0
OK  dtN\OK/IT

Thus in our case the Euler's condition is

o ﬁ_(bU) (8)

BK T dT\OK
Oré_@,_@_cqi(é[l. o0 (9)
oC  dK T at\dCc kK
or UWPF'(K) = - Syt (10)
at
au’
Thus: ' (K) = —gll (11)

Mathematical result: If F does not contain 't' explicitly,

then the Fuler equation implies F - K%% = constant.

Since in our case, 't' is not contained explicitly in the integral,
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we can say:

U - K-%% = M {a constant). (12)
orU—f{%%-—g—%mM (13)
or U + KU' = M (14)
Now at the bliss level,
U =B, and U' = O. (15)
substituting in the above:
B+0=DM or B=MN. (16)
-Thus:
U+ KU' =B (17)
or KU' =B - U (18)
or k =2 B,U, K is investment. (19)

Thus, the above equation gives us Ramsey's rule for optimum savings with
an infinite time horizon.

The criticisms of this model are mostly centred around the notion
of bliss. At best, it is a very nebulous concept. Normally in the theory
of consumer behaviour, we assume that individuval wants are insatiable.
Moreover, the continuing search and discovery of new kinds of resources
also make it operationally fruitless to estimate the bliss level from the
production side. The path-breaking nature of the Ramsey article, focussing
as it did on the essential mechanism of the optimizing process, is the key
to its importance.

Tinbergen (76) did away with the concept of 'bliss'. He assumed
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a utility function which possessed a constant elasticity 'v' above a sub-

sistence level of consumption 'C'. Thus:
dU —\ -V /
al - >
i (c -2e)™", v>o. (20)

Integrating both sides:
Sav = (¢ - &) ac (21)

=\ 1-v
or U = iﬁll;ﬁ;%f;_ . (22)

A fixed coefficients production function was assumed:

X

+
Y‘t = = (23)

Thus the problem was:

-\ 1=V

g* (C - c) ( )
max -t 24
0 T - v
. Kt
subject to Yt = = (25)
Again,
C, =Y, - K (26)
or C =-Ei - X (27)
t < t
w(ﬁ -k, - 5)’""
We max g e
0 1T -v dt (28)

The Euler's equation for a maximum (simplified) is:
¢ ==(c - 3) (29)
T Xv * 2

Solving this we obtain a time path for consumption:

1.

<V - :
Ct = Ae + ¢, where A is an arbitrary constant. (30)



Plugging this into (27) above, we obtain & differential eguation in Kt'

Solving for this, we obtain a time path for K The solution is:

4
Kt = B16 + B2e + ¢ (31)
where B1 is an arbitrary constant and A = B2(1 —-%).

=

Certain boundary conditions were imposed. These were:

K, >0, and C, 3 c; (32)

Now
KJU 20 ==>IBQ » 0

B Assuming v & 1 (3%)
and Ct 2z c ==%>I%2$ 0

Thus

B, =0 (34)

But this meang that consumption would remain at the subsistence
¥*
level throughout the planning horizon for the optimum savings programme.
The deficiency of this kind of model was apparent to Tinbergen who now

reformulated it to rectify this shortcoming. A time discount rate '"r"

was assumed. The problem then became:

max g e—TJC u(c )at (35)
%
0
) X
subject to Y = 't (36)
(24

¥ ~ Intuitively, because consumption at any time period enters’
the utility function in the same manner, it would be optimal to keep
adding to the productive capacity of the economy, aad realizing the entire
consumption in the last period when maximizing utiiity.
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(Ct _ E>1—V

as usual. (37)
1 - v

with U(Ct) =

The time path obtained for consumption was:

-0
C, = Ae + (38)
1 1.1
S vE (39)
and K_t = B1e + Bze + ¢
where A, B, are arbitrary constants and

1
1 1.1
A = [:(- - -\l;(;; - I“)] BQ' (40)
If the discount rate is chosen high enough, the first term in solution
(39) will dominate the second. In this case, the imposition of the boun-
dary conditions K

» 0, C, 3 ¢ will not necessarily lead to B, = O.

t t 2

A consideration of these models illustrates the difficulties in-
volved in obtaining a truly optimal path over an infinite time horizon
based on certain simple assumptions. Tinbergen also suggested the intro-
duction of a finite time period 'T' and marginal utility elasticity of
consumption equal to O for C » ¢ and to infinity for C < c, i.e., the
marginal utility of consumption is constant. In that case, the problem
reduces simply 1o one of maximizing terminal consumption while keeping
intermediate consumption just above the subsistence level. As T tends to
infinity, intermediate consumption becomes equal to c. Several linear
programming models, e.g., Sandee's (71), seem 1o be based on this kind of

philosophy and have the maximization of terminal consumption as their

objective function. This again illustrates how our model-builders tend
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to neglect the actual state of the economy during the planning period.
In this case, it is done because of the nature of the utility function
assumed, about which no reliable estimates can be made. The imposition of
a discount factor which is sufficiently high does allow intermediate con-
sumption to be above the subsistence level, but this is rather an arbi-
trary method of doing so, and creates the problem of deciding what this
discount rate should be. Perhaps the problem lies, as Koopmans has said,
in assuming that the present generation of individuals have an utility
function which holds for all future consumption levels, and this remains
‘constant even when the present generation passes away.

... portrayal of preference, technolcgy and popula-

tion growth ... The formulae by which we have been

trying to capture these phenomena bear the marks of

their intellectual parentage in the classical im-

mutable laws of the physical sciences. They have

no provision for the continual adjustment of prefer-

ence, knowledge, practice, and custom to new experi-

ence and observation. In dbrief, they lack the flex-

ibility that is an essential trait of all human

response to a changing environment." (Koopmans (44))
But this need not necessarily be so, and generally will not be so. A
mechanism for the continuous adjustment of the utility function through
time may give us consumption paths which will really be optimal and gener—
ally appear to be so, too. Otherwise, it has been suggested that we might
look at the problem the other way around, start with an optimal consump-
tion path and derive the utility function from it. This is what has per-
haps been done by most linear programmers when they experiment with dif-

ferent kinds of objective functions.

The non-convergence of the maximand, which is a principal matter


http:esse11t:;.a1

54

of concern for infinite horizon planning models led Chakravarty (17) to
construct a finite horizon planning model with specified terminal capital
stocks., He argued that if the maximand was insensitive to the particular
choice of the terminal capital stock, it would tend to Justify his using

a finite horizon model as a proxy for an infinite horizon one. He did find
the maximand to be insensitive to the level of the terminal capital stock.
He also found that the value of the maximand was sensitive to the length
of the planning period.

Maneschi (56) criticized his model on various counts. Since
the maximand was ssnsitive to the length of the planning period "T", all
optimum savings made would be consistent only if the "T" remained the same
as time passed. However, if a planner in the future changed this "T",
all previous decisions made would be regretted.

He also maintained that the insensitivity of the maximand to the
terminal stock, and therefore the growth rate of capital, was due to the
particular values of the various parameters chosen. He showed that if
more "relevant" values for the parameters were chosen, then the sensi-
tivity increased. His argument for deciding on the "relevance'" of these
values ran in the following manner. He claimed that if the value of the
maximand was not much affected by the choice of the growth rate '"g", the
population would try to leave as much capital as possible for the future.
Thus "g" would be as close to the outputi-capital ratio "b" as possible.
If one conducted sensitivity tests near these ranges, he found their
values to be much higher. He also noted that Chakravarty's soclution re-
sulted in a massive accumulation of capital during the planning period

with rapid decumulation of the seme near the end 5o meet the terminal



stock requirement. This he found to be unrealistic.

Two distinct criticisms are present in the previous paragraph.
The rapid decumulation of capital, however, represents the tendency seen
in all kinds of optimum savings medels to keep postponing consumption to
the maximum extent possible, and is not a shortcoming of this particular
model alone.

While dwelling on the subject of optimum savings, one must cite
the contribution of von Weizsacker (79) who devised another ingenious
means to get around the problem of non-convergence. He defined a parti-
cular consumption path C,* to be better than another Ct if there existed

t
a T such that

gt u(c, *)dt > Xt u(c,)at for all t > T. (41)
o o °F

It was proved that if one assumed a constant population and constant
technology, a unique cptimal path could be obitained for the Ramsey prob-
lem.

There were several other models built with differing assumptions
yielding different conditions for the existence of an optimal savings
path. The utility functi:n was made dependent on per capita consumption
Ly Cass (14), Koopmans (44), and Malinveud (55). Mirrlees (61) assumed

exogenous technological progress of the labour-sugmenting type, and

Inagaeki's (42) model has been built comsidering exogenous technological pro-

gress of the capital-augmenting type. Koopmans (44) built a model in
which the discount factor depended upon the prospective level of consump-

tion.
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The major problem facing these models is that of an infinite post-
ponement of consumption. This arises if future consumption is made too
attractive as compared with the present. In fact, a lot of the devices
introduced are meant explicitly to make future consumption seem less de-
sirable.

It is against the background of optimal savings literature that
we choose our objective function when actually formulating a  planning

problem. The constraints of this problem occupy us next.

jﬁ) The Constraints:

The Leontief Static model

The major constraints in any optimization problem are posed by
the production relations. These relations are usually showa in an input-
output framework. The simplest kind of input-output relationship is
written as follows:

Ax + £ = x (42)
where A is an n x n matrix with typical element aij denoting
the quantity of 'i' required to produce one unit
of 'j';
x is an n x 1 vector of gross outputs of the commodi-
ties; and
f is an n x 1 vector of final demand for the commodi-
ties.

A gtudy of the matrix A reveals the pattern of inter-connectedness
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which prevails in the economy.
Definition: An n x n matrix A is decomposable if there exists a
permutation matrix P such that

PAP! = A1 x
(43)

0 A2
where A1 and A2 are sgquars submatrices along the principal diagonal. If
there dces not exist w«ny such matrix P, it is indecomposable.

Finding out whether the input-output matrix is decomposable is of
vital importance in planning. This is because decdmposability implies the
existence of a hierarchical order of industries,with every industry
contributing inputs to indusiries below it, but not above. In this case,
we could get an ordering of industries that would tell us which industries
would have to be developed Iirst before others could grow. A major portion
of input-output work is concerned with finding out whether this matrix is
decomposable.* It is interesting to note that Mamme and Rudra found the
Indian economy to exhibit what they called 'block~angular characteris-
tics'. They divided the econocmy broadly into agriculture, manufacturing
and universal intermediates. They found the flows connecting agriculture
to manufacturing to be negligible. This could provide an explanation of
the partial success of indusirial development even when agriculture was
staguating.

Interest has also centred around finding out which are the key

* - The literature scmetimes refers to a decomposable matrix as
one which can be triangularized.



indusiries in terms of providing maximum backward and forward linkage ef-
fects. Indices have been devised by Rasmussen (68) to measure the impor-
tance of various industries in terms of linkage effects. It is interest-
ing to note in the Indian Industrial Policy Resolution that industries
were divided into three groups, and the maximum amount of importance was
given to a group of "basie" or '"core" industries. Some form of analysis
based on linkages must have been undertaken to determine them.

Reverting back to equation (42), we find that the simplest form of
consistency exercise can be based upon it. Thus we have

Ax + £

1l

x (44)

]

or x = (I - A)'f (45)
If a vector T of final demands is specified, we can use the
input-output vable to find out the gross outputs that it would imply.
The literature on input-output (hereafter referred to as 1/0) analysis
abounds in exercises done on variants of this model. The work of Manne and
Rudra (60) onn the Indian economy was one of the earlier models of this
type. They projected various levels of final demand for 1971 and worked
out an internally consistent vector of gross outputs. The use of physical
and material balances have been used widely in planning in the Soviet
Union and in many East European countries.
Mention must also be made of a partially closed model of the
Indian economy constructed by Padma Desai (25). In the model, part
of the final demand vector was determined endogenously. This was

an improvement, since, din a poor counitry like India, a basic minimum

of consumpticn to "produce'" laber may not be available unless specific
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attention is paid to it. Desai's model involved (a) the formulation and

implementation of an input-output model for India, closed with respect 1o
all household consumption except that originating from governmzsnt employ-
ees; and (b) an endogenous determination of the distribution of congump-
tion expenditure among several groups of households, each group having a

gpecific consumption pattern.

The Leontief Dynamic model

'In the Leontief Dynamic system, different time pericds are linked together
by the existence of stocks of commodities which are not used up in the
production process like the current flow variables, but are passed on from
one period to another. The production function therefore changes its

R

character. Wnereas formerly it had looked like:

X
11 i ni
x, = min [—=" === ... ) (46)
1 a, a,. a
i 2i ni
now it becomes:
X,. Xn. X . S.. 5.,
. 1i, “2i, ni, “1i, 21, PR
e e e, B, B, Ut hL W
1i 21 ni 1i 21

where ij ig the requirement of commodity 'i' as current

flow input for producing commodity 'j';

S, . is the requirement of commodity 'i' to be held

19}

as stock for producing cormmodity 'j';

=N
O]

aij the requirement of commodity 'i1' as current flow
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input for producing one unit of 'j';

5

b.j is the requirement of commodity 'i' to be held as
i

stock for producing one unit of 'j'.
The demand for stocks S is given by
S = Bx (48)

where S is an n x 1 vector with typical element 3, = EIS.J
i ij

and B is an n x n matrix with typical element bij'

Thus,
§ = B%. (49)
In writing out the Leontief static system in the form of equation
(42), we had assumed that supplies of commodities =qualled intermediate
and finsl demand, Now we assume that no excess stocks exist. Our demand
and supply bslance equation can therefore be written as:
X(t)

or () = B~ I - A)x(t) - B-qf(t) (51)

Ax(4) + Bx(1) + £(t) (50)

i

Denoting g (1 _ A) by C, we have:

£(t) = ox(t) - 37 '2(%). (52)
This is a first order differential eguation which could be solved. A
problem immediately arises if B is singular. There is good reason to
expect B to be singular as there are many ccommodities which do not enter
as stock into any produclion process. This would imply an entire row of
B consisting only of zeros. Then we wculd have to work with a reduced
system of equations. However, the normal procedure is to assume thut B

has full rank. In that case, the model has a soluticn of the Ferm:
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x(t) = AL x%( %) (53)

]

T . . .
where e is & matrix exponential function;

d is a vector of constants: and
x¥(%) is a particular solution of the differential
equation. |
If we consider the homogeneous part of the differential squation
only, we find that X(t) is equal to a linear combination of e"‘jJC where
the'lj are the characteristic roots of the matrix C. As 't' tends to
infinity, the solution is dominated by the particular term in the solution
corresponding to the highest Xj. The proportions of the various commod-
ities to each other in the long run are determined by the components of
the characteristic vector corresponding to the dominant characteristic
root. We would be able to have balanced growth only if the initial coa-
figuration of outputs corresponded to this proporticn. In that case,
output would follow what has been called a Leontief trajectory. The
question remains, bhowever, as to whether non-negative output levels will
be obtained as solutions. It has been shown by Solow (72) and Tsukui
(77) that the system is unlikely to be viable in this sense.
This rigid structure of the Leontiefl trajectory is due solely to

the assumption made of the existence of no excess stocks. I this is

relaxed, we obtain:

5(0) > ¢ '[5(1) - 8(0) + F<o)j (54)

Generalizing this and transposing, we get

C—1S(t + 1) £ (1 + 0"1)s(t\ - 0”19(3)0 (%5)

s
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Since we cannot use S = BX, we do not obtain a differential equation.
Rather we can find out inter-temporally efficient paths of capital accumu-
lation over a planning period given initial stocks and levels of consump-
tion for the various time periods. This path would be efficient in the
Pareto sense of there not existing any other path which would yield more
of some terminal capital without yielding less of some other. The Leon-
tief trajectory, if it exists, can be proved to be an efficient path (26).
However, there exist many such efficlent paths, and a choice has to be
made among tnem on the basis of some criteria. Thus, choice is a basic
.feature of any dynamic model of capital accumulation.

We have so far made a study of optimal savings models. These have
all maximized some kind of utility function subject to production cons-
traints. The solutions obtained were time paths of consumption or pro-
duction which would maximize the utility function. Subsequently we
studied production constraints which were more complex than those
considered in the optimal savings model. We found that several effici-
ent time paths of consumption and accumulation could be derived. To
choose the optimal one from them, an objective function has to be de-
fined. This function ought to be defined in the utility space as is done
in the optimal savings models, but the problem of defining an appropriate
utility function is a very difficult one. We therefore define our objec-
tive function in the commodity space, and obtain our programming models.

There is a vast literature on programming models for planning.

An extensive survey would be botlh time consuming and redundant. We shall

identify the various models by the types of problems that they try to
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solve, but {iret sowe general statements and explanations about linear

programuing models are in order.

(4> Linear Programming Models

The gencral problem

A linear progremming problem has the general form
max C'x  subject to Ax £ D
x20
where b, C and x are n x 1 vectors and A is an m X n matrix
with m< n.

Definitions: "A linecar program is called 'fessible' if there
exists a vector (x) satisfving the conctraints. Such a vector is called
a feasible vector.

"A feasible vector is called an optimal vector if it maximdizes
(or minimizes) the given linear foram, and the value of this maximum (or
minimum) is called the 'value'! of the program." (Gale (31))

Corresponding 1o the above primal problem, we obtain a dual of

the form:

nin p'b  subject to p'A » c!

There are various duality properties of linear programming models which
are used in the analysis of planning models. The solution to the dual
problem infcrms us as to which of the primal coustrainte are binding. If

a pariicular variable has a zero value in the dval solution, it imuplies
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that the ccrregponding constraint in the primal solution is not binding.
If the value is positive, it means that the constraint is binding. These
values are referred to as 'shadow prices'. A high shadow price informs
tho programmer that the correspending primal constraint e very <ifective.
Tne numerical value of the shadow price is the amount by which the valu2z
of the objective function cen be raised by relaxing the constraint by ons
unit.

The exact form of the objective Tunction and the constraints have
to be ampecified when Tormulating a linear programming model. Of these,
we have already discussed the problems of formulating the objective func-
tion. For finite horizon programming models, some specification of terminal
stocks are needed. This could be done by making terminal stocks appear
in the objective function along with consumption, or by including it as
a constraint.

The constraints are usually obtained from three types of sources.
First, some of them are obtained from ihe requirement that the supply of
any product has to be at least equal to the total direct and indirect
demand for it from all sources. These constraints are technological and
are obtained from the inpui-output table. Second, behavicural relations
have to be incorporated, e.g., the savings function. Third, ceriain boun-
dary conditions have to be specified. These could be specified by tech-
nolegy (e.g., cellings on certain types of production), econonic factors
(e.g., world demand sets limits on export possibilities), Or non-econonic
factors (e.g., nutritional requirements set minimum levels of ccansumption
necessary Tor survival). The existence of mulitiple constraints does make

it rather difficult to give an exact interpretation to the sheadow prices
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which are obtained by solving the dual problem. HNathematlically, we can
still say that the shadow price reflects the contribution to the objective
function made possible by relaxing the constraint by one unit. As we
include greater numbers of non-economic coastraints, hewever, it beccmes
nore and more difficult to put meaningful economic labels on the shadow
prices,

The standard literature on the subject broadly differentiates
between static and dymamic models. The difference generally comes about
because of the assumption of different theories to prlain investment. In
static models, investment (whether constant or growing at a certain rate)
ig specified exogenously. In dynamic models, investment is explained from
within the model, usually by some sort of accelerator theory. This pro-
vides the link between economic variables in different periods, and
necegssitates them being sclved simultaneously. A distinction is also made
between open-looped and closed-looped models. In the open-loop models, the
policy and exogenous variables delermine the endogenous variables. 1In
the closed-loop models, the policy variables are themselves determined
endogenously by some kind of control rule. TLance Taylor (73) has given a
Tairly exhaustive survey of the mechanics involved in formulating differ-
ent kinds of linear prograuming models.

The point arises as to whether it is worthwhile to introduce these
complicated models when simple projections could yield results, and as
Manne (58) has noted, prerhaps more accurate ones for certain times. The
truth is, however, that these multi-sectoral models =znable us to under-

stand the workings of the economy, and satisfy the regquirement of consis-
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tency, which simpler models perhaps do not. The inaccurate use of data
and misspecification of relations could lead to faulty resulits. However,
it is only by understanding the mechanism by which the economy works that
we can diagnose its ills and propound solutions. The proof of the pudding
igs more than merely in the eating.

We turn now to a consideration of the various problems which have

been presented in a linear programming framework,

Problem #1: the determination of comparative advantage

Several models have been built by Bruno (10,12,20) to examine the
most efficient use of foreign aid when planning for imports. It is thus
an enpirical extension of the leckchsher-Ohlin theory with more than two
factors. Bruno ranks the various industries according to comparative ad-
vantage and also determines how these rankings change through time because
of changes in the various parameters of the system. These exercises are
worked out under varying assuwnptions about skill formation. In one ver-
sion, the total availability of labour with each kind of skill is assumed
fixed, whereas in the other allowance is made for investment in skill
formation. Also in some models, there are overall savings constraints
and in others there are not. The effectiveness or non-effectiveness of
the savings constraint is the basis of an important distinction made in
plamning models and has led to the emergence of the two-gap theory which
will be comsidered later.

Combining the above assumptiocns in different ways, we can obtain

several variations of the model. The basic idea behind his models may
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be understood by studying the diagram below.

Consumption

Foreign Aid
' Figure 2

These graphs are obtained by solving the linear prograuming prob—
lem and obtaining consumption figvres for different amounts of foreignu
aid. They reflect diminishing returns to foreigr aid. The subscripts
t, t+1 refer to different time periods. 'A' allows manpower training
programmes, whereas 'B' does not. 'A,' is thus uniformly higher than

t
‘Bt'. The smooth curves are drawn to reflect cases where savings cou-
straints are not present. The 'kinky' curves represent cases where they
are. The lower the constraining savings rate, the higher is the cut-off

point. This is to be expected because if very small amounts of domeslic

savings are available, a very large quantity of foreign aid will be neces-
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sary before total savings ceases to be a limiting factor for investment.
The slopes of these curves represent the shadow price of foreign exchange.
In a later variation of this model, Bruno (10) introduced upper
and lower bounds on 'trade activities' (exporting or import substitution).
This imposed kinks in the curves to reflect the fact that a particular
'trade activity' had reached its upper bound, and some cther means of
obtaining foreign exchange had to be found. 'W' is a curve showing the
tradeoff between consumption and foreign aid necessary to keep the econ-

omy on the same level of welfare.

Consunption

L

l\l

Foreign Aid
Pigure 3

Thus, in the diagram above, the 'trade activity' R is at its minimum

level at 32 and rises to its maximum level at R1. Over this range of

foreign aid, the domestic cost of exports or import substitution is just
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eqgual to the shadow price of foreign exchange. If foreign aid is reduced
even further, other less efficient 'trade activities' will become profit-
able. In this way we can obtain a ranking of industries by their compara-
tive adventages. As the amount of foreign aild is increased, the domestic
economy will involve itself in less 'trade activity'. The 'trade activi-
ties! which are given up later are obviously in those commodities in which
the country has a comparative advantage in international trade. This rank-
ing varies with time and depends upon the given factor endowments. We
must note that these curves denote efficient paths. The actual choice of
the optimal smount of foreign aid cannot be determined without a welfare
function which we have included in our diagram. The ranking of commodi-~
ties for the purpose of import substitution has been done for India by
Weisskopf (78) with a highly disaggregaled model., He did not use, however,
the linear programming solution technique. Chenery and MacEwan (21) con-
sidered the problem of determining the optimal amount of foreign aid

for Pakistan. This was one of the two-gap models which we shall discuss
later.

In closing our study of this particular kind of model, we can
briefly note some of the interesting features in the mathematical struc-
ture of the problem. In Brunofs model, allowance was made for upward
sloping supply curves and downward sloping demand curves by specifying
step functions for them. The size of the model in terms of constraints
was reduced by appropriate substitutions which enabled them to be written
in terms of firal demand vectors and primary input constraints alone.

Bruno distinguished between an earlier static and later dynamic
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models. The treatment of investment goods was very unsatislacutory in the
static model, however, since they were considered as intermediate goods,
and not as additions to capital stock. We shall now turn tc models which

consider whether domestic savings or foreign exchange limil investment.

Problem #2: domestic ard foreign resource mobilization

"Two gap analysis'" was first introduced by Chenery and Strout (22).
We can comprehend it best by considering a simple model. We assume that
imports are made in the investment goods sector only. In other words,
the demand for consumer goods imports is either non-existent or can be

suppressed by the authorities.

S=a-+ by (56)
M=c +dY (57)
K = kY (58)
E = Eoegt (59)

where S is savings;
Y is income;
M is imports;
X is capital stock;
E is exports;
a, b, ¢, d, k, g are the parameters of the system;
t is the time pericd (values at base vear are denoted
by the subscriot 'o').

Suppose we have a targeted rate of growth of 'r'. Then,

Y = Yoert (6e)
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or I = %(K) = a@_-,g(kyoert) = krYOert (61)
Now,
S = a4+ bYoert (62)
Therc is no reason for I = §S ex ante.
&F1 =1~ 8
= krYOerJG - a - bYOert
= Yoeri(xr - b) - a (53)
gives us the savings gap.
P, =l-E=c+dy et -8 B (64)

2 o 0
gives us the foreign exchange gap. If either F1 > 0 or F2 > O for =
certain r, “hen trhe 'r' ratc of zrowth is not feasible unless foreign aid
is available to cover the largerof the two gaps. 1F F2 > F1 > 0, then
the foreign exchange constraint is binding, and encugh foreign aid is re-
quired to bridge the gap between exgports and imports. 1T E} > Bé > 0, then
the savings gap is binding. Foreign a:d is required not only to ray Jor
non-competitive imporis, but also to {inance additional imports Tor which
domestic resources are not available.

Chenery (21) has attempted to associate different phases of srowth
with the fact of particular constrainis becoming effective. This has been
demonstrated in a model built by him and MacBwan for Pskistan. The ime
portant technical features of the model are the following:

(1) The objective function is the sum of discounted consumption,

weighted discounted capital inflow, and weighted terminal incowe. The
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terminal income is to take account of post-plan consumption.

(2) Since this is an explicit exercise of two-gap analysis, only
two kinds of resources are considered — savings and foreign exchange.

(3) There are two kinds of products in the econony — regular and
trade improving, which have differing capital-output ratios.

(4) The technique of solution used has been linear programming.

Chenery and MacEwan found that if the amount of aid available was
limited, there would be a rapid increase in total investment in the first
phase of growth with very little resource being alloted towards trade-
.improving investment. During the second phase, total investment would
stop growing and large allocations would be made for trade improvement.

In the third phase, a stéble proportion between trade improving and total
investment would be reached to make the country independent of foreign
agid. We thus find that the foreigan exchange gap is much larger than the
savings gap in the initial stages, but this gap is closed towards the
end.

They have also considered three different ways of limiting foreign
aid. The first fixes a terminal date by which time all aid becomes zero.
The second fixes the price of aid and the third the total amount of aid.
Chenery and MacEwan rfound from the exercise that these methods are equival-
ent. Thus, if one fixes the termination date, the solution would determiné
the price of aid and the total quantity. If either of these values are
now used as independent restriciions, one obtains the same allocation and
time phasing of growth.

They also find that the sequence of these phases are unaffected

by the total amount of aid. However, the length of these phases is af-
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fected by the total amount of aid. For example, if the total amount is
reduced, the first two phases are shorter. They also show that an carlier
termination date does not affect the optimal paths of the variables in

phase 1.

Problem #3: achieving targeted growth rates

We can now move on to the very ambitious massive plamning models
which have been built to determine the optimum allocation of resources in
a dynamic multi-sectoral setiing. These models have obtained complete
time paths of vectors relating to different variables in the economy.

We can distinguish between two main groups of models in this field:

(i) the CELP {Chakravarty, Eckaus, Lefeber, Parikh) models for the Indian
econony; and (ii) the dynamic multi-sectoral model by Manne and Weisskopf
(59) for the Indian econcny, and the DINAMICO model by Manne and Goreux
(57) for the Mexican economy. The DINAMICO model is just one of a set of
models built by Manne and Goreux for the Mexican economy. The other
models, However, do not use the linear programming method of solution.

It would be pointless to go into either of these sets of models in great
detail. However, since some of the features of these models will be adopt-

ed here, we will note some of the more novel features.

CELP:
(1) The terminal capital stock is determined by assuming exogen-—
ously given post-terminal rates of growth for various economic variables.

This gives rise 1o a system of vector differential equations which can
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be solved for the terminal stocks.

(2) Distribution matrices are used to obtain the requirements of
capital goods by sectors of origin from the composite capital stock re-
guirement of the various sectors.

(3) Differing gestation lags are assumed for different types of
capital goods by sector of origin. Thus, initial capital-in-process
restricts the growth of the capital stock in the early years of planning.

(4) Imports are broken up into competitive ana non-competitive
types. The latter is determined by an import coefficients matrix and the
" former is determined by the optimization process.

(5) Provision is made for investment in the stock of inventories.
(6) Provision is made for the restoration of depreciated capital

stocks.

Dynemic multi-sectoral (DMS) and DINAMICO models:

(1) A device i1s introduced to ensure a 'gradualist consumption
path'. This requires consumption to grow monotonically, thus preventing
initial sharp decreases in consumption with high levels towards the end.
This tendency to postpone consumption has been noted earlier in our study
of cptimum savings models.

(2) The actual 'gradualist consumption path' is chosen such that
it would result in terminal investment allocations which would allow the
'{turnpike' rate of growth to be approximaited. (Note: The 'turnpike! path
is one which under certain assumptions allows the maximum rate of balanced

growth. )
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(3) The DINAMICO model makes allowance for different types of
labour skills, thus incorporating manpower planning into the model.
Downward mobility between different labour groups is allowed.

(4) DINANMICO is one among seven inter-connected models (not all
of them optimized by linear programming techniques) which were constructed
for the Mexican economy. The DINAMICO model was for the entire econcmy,
whereas the others covered particular sectors of the economy. This usage
of planning at different levels is very widely used in East European
economies. Kornai (45) describes two-level planning where an extensive
plan covering the entire economy is sent down to the various local bedies,
with each body being informed of its specific targets. These numbers are
then incorporated into a sectoral model which is solved for shadow prices.
Thesc shadow prices are in turn sent back to the centre who revise their
plans taking them into account. The final sclution ig reached iteratively.
Xornai has included algorithms for solving this type of problem in his
papers. Indian planners could profitably investigate these methods as
they are suitable for huge economies, which require coordination between
different levels of planning.

We have undertaken a survey of the literature on constrained
optimization leading to time paths of outputs, consumption, etc. We have
also looked at various planning models which use constrained optimization
models in order to derive policy conclusions. Although there have been
several planning models drawn up for India, there has yet to be one which
determines the optimality or ctherwiee of income redistribution schemes.

This is all ihe more surprising in a country whkere a large section of
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the people consider themselves to be socilalists., We will attempt to f£ill

the hiatus in the chapters that follow.



CHAPTER 4

A LINEAR PROGRANMMING NMODEL OF INCOME DISTRIBUTION

(1) A rationale for the model

Most introductory textbooks on Economics begin by asking three
fundamental questions, the answers to which are expected to Torm the
cornerstones of the subject. The gquestions are:

(1) What will the economy produce?
(2) How will the economy produce it?
(3) For whom will it be produced?

The first question is usually answered by saying that the amounts
of various commodities produced are determined by the demand for them, as
registered by the dollar votes that are cast on their bhehalf. The sccond
guestion is generally regarded as a technical matter relating to the ef-
ficiency of production processes. As long as sufficient techmological
information is available as well as data relating to the scarcity of vari-
ous resources, the solution of the problem is routine. The third question
is tackled by saying that the commodities are produced for those pecple
who have the required dollar votes to demand them, these votes being ob-
tained by supplying factors of production that are regquired in the pro-
duction process.

In the actual tackling of the problems, however, the assumpticn is

usually made that there exists a given distribution c¢f income which de-

77
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termines what goods are to be produced and for whom they are to be pro-
duced. Economic theory, then, provides a neat array of theorems, often
proved by the use of sophisticated mathematics, and illustrated by ele-
gant and sometimes complex diagrams, detailing various equilibrium
quantity-price configurations that are obtained under different market
forms in the commodity market. Questions regarding alternative distri-
butions of income are normative in nature, and are shelved after noting
that any redistribution would make some people better off at the expense
of others; thus, in the absence of a well-defined social welfare function,
no comments could be made on their desirability. Chapters on factor pric-
ing are usually relegated to the end of the textbook; generally they re-
late factor prices to some concept of marginal productivity and rarely
are they completed before the school term runs out.

A11 this of course has some implications for the economics student.
Whereas he has a very clear idea of '"what'" should be produced and "how",
given a certain distribution of income, he is suitably confused on the
question of "for whom" it is to be produced, beyond a vague notion that
people generally deserve what they get.

This is rather unfortunate and arises, I believe, from the general
practice of presenting distribution theory within a neo-classical partial
equilibrium framework. What is to be produced is determined by, and also
determines for whom it is to be produced. The practice of starting off
with a given distribution of income and then finding out the quantities
of different commodities to be produced, and the most efficient means of

doing so, is therefore suspect.
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The size distribulion of income depends upon the distribution of
factors ol producticn auwoeng various people. This includes both the
factors of production that are owned by the people as well as those wnich
are embodied in their persons in the form of skille. Both of these de-
pend, by and large, on whal was produced in the previcus pericds, and
FTor whom it was produced., Moreover, a Ffactor price, like & commodity
price, depends upon the mariet form prevailing in its sector. The prev-
alence of monopsony in the factor market could therefore warrant outsids
interference, just as the presence of restrictive monopoly practices in
.commodity markets require regulation from outgide. The proposition is
therefore forwarded that there is nothing sacrosanct about the exislting
distribution of income, tﬁe general reluctance of econcmists 1o discuss
it in cetail being perhaps attributable to the air of mystery wrnich has
always surrounded that subject from their freshwan year, in marked con-
trast to all the charts, diagrams, algebra, calculus which have been
used to illustrate other basic concepts.

The above underlines the necessity of fundamental research in
gconomic theory to determine how income distribution is determined by
what has been produced in the econony before. The scope of our thesigs
is, however, more limited in nature. Instead of a theory explaining the
distritution of income, we have completely divorced income distribution
from prcduction. HNow, assuming that income redistribution toward greatesr
equality is desirable for its own sake, we nave attempted to Tind the
effects of such redistribution schemes or gross output levels over a five-

year planning period. In doing so, we have also determined the areas
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in which problems could be expected under alternmative redistribulion

schemes.

(2) The model

The model attempts to explain the effects of various kinds of
income redistribution schemes on the economy. The consumption patterns
of different income groups differ, so that the composition of the Iinal
demand vector is altered every time a new distribution of income is con-
‘sidered. WMoreover, the total expenditure of all households depends upon
total income which, in the input-output framework, is proporiticnel to thns
gross output produced. Our mcdel helps to identify the bofttleneck years
and sectors if a particular type of redistribution scheme is carried out.
It also informs us about the feasibility of various kinds of redistribu-
tion schemes. This helps the planning authority to guard against sudden
shortages in particular sectors at particular times, and also jdentifies
redistribution schemes which are too quixotic to implement.

The use of fixed coefficients production funcitions and fixed con-
sumption coefficients are limitations of the model. The non-sgubstitution
theorem is usually invoked in such cases to justify the use of fixed
coefficients on the production side. However, even in a static context,
it presumes the existence of only one factor of production. In our case,
we have foreign aid and all the initial capacities acting as resource
constraints, thus negating the use of this theorem.

M

The omission of the two classic resources, land and labour, from
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explicit considerations as resource constraints in the model, also re~
quires some explanation. The overall supply of land is fixed, but the
guality of land can and is being improved. Land measured in cfficiency
units therefore may not be a fixed constraint in the context of this
model. Labour, on the other hend, is a factor which is not in short
supply in the aggregate in India, but certain types of skills are scarce.
To incorporate this into our model we would require details as regards
the supplies of various types of labour, as well as their productivity
coefficients in the various sectors. DMNoreover, these skills themselves
‘are acquired as part of the productive process, for which a separate set
of coefficients hes to be obtained. The unavailability of these kinds
of data, and the desire to keep the model within manageable proportions,
has resultad in the omission of the labour constraint from the model.
The economy i1s aggregated into five sectors: (1) agriculture;
(ii) equipment; (iii) manufactured consumer goods; (iv) services and
transportation; and (V) construction., The five-sector categorization is
sufficient to illustirate the choices that are present in the ecounomy.
One can either produce agricultural commodities or manufactured goods
or provide services. When manulacturing goods, one has the choice of
producing either consumer or capital goods. Substantially more details
could be obtained by further subdividing these sectors, but one must
remember that the addition of each new sector implies the posing of
twelve new constraints even in our gimple model. This sirains the cap-
acity of the computer considerably, and is, in fact, not necessary, since

most of the discussions on planning are concerned with broad choices
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of the sori that we are considering. To derive a detailed programme of
action we weculd require the addition of many wmore cectors, and the enorm-
ity of the resulting model would probably lie more within the scope of

a government department. TFollowing the tradition of Indian plamming, the
time horizon is fixed at five years. The objective is to maximize the

sun of discounted gross output levels over the five years.

Objective function:

5 UXt

t=1 (1 + d‘)t‘l

where Xt is the gross output veclor — dimension 5 x 1;

u is the unit véctor;
d is the social discount rate.

The abova objective funciion is maximised subject fto the several
technological and economic constrainits which operate within the model.
We shall consider five types of constraints:

(T) Inlergectoral consistency constraints;
(2) Foreign exchenge constraints;
(3) Initial pericd constraints;
(4) Pcst-terminal growth constraints; and
(5) Minimum output constraints.
In the exposition below, the subscript 't' always refers 1o ths

time pericd ror which the variable is being considered.

(1) Intersectoral consistency cconstraints: Thess ensure thet the
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total demends mads on each sector in each year are not greater than the
total availavility of output in the respective sectors. Let us consider
the main items of demand.

(a) Inter-secloral current demzad: these are represented by the
inpub-oatoul rlow matrix.

=/ {
at kXt \l)

where aJC is the vector of current flows -— dimension b x 1;
A is the flow matrix — dinmension 5 x 5.
(b) Demand +or capital formation: thege represent the charges
made on each sector for the purpose of capital formation. Assuming that

investment 1s determined by the incremental capital-output ratio, we can

obtain:

0
~—

k, = K(Xt - X ) (

where k, is the vector of capital required in each secltor

-
I

- dimension D x

-

K is the diagonal matrix of incremental capital-output
ratios «— dimengion 5 x 5.

To produce the I, which showsthe various capital requirements by

t
secter of destinaticn, we need to use resources which originate in the
five sectors. The calculation ol the requirements by sector of origin
12lls us the demands that are made on them for the purposes of capital

formation:

= = B k(3 -
biy = Byl = BRG - %),

P
wl
~———
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where b1t’ bZt are the vectirs of charges made

1oy

-

formation with gestation iegs of ore period, two
periods respectively -— dimension 5 x 1;

B B, arz the matrices of input requireumerts for pro-

17 e
ducing one unit of capital with one ard two period

gestation lags — dimension 5 x 5;

K
i’2
J

((314)1, (Bﬁ ). are the total amounts of szctor i's
J A

output reguired for one vnii of new capital forma-
tion in scctor j, with time lags of ore and two
yeéars respeciively.)
(c) Inventory requirements: we assume that a certain fixed ratio
has 10 be maintained bLetween stocks of inventories and gross outputs. The
demand for new iunventories should therefore bear a fixed ratic to changes

in gross cutputs.

\

W, = w(X, . - X_) (5)

= Ty = %) _ >

where W, is the vector of requirements for chauges in inven-—
tory stocks — dimension 5 x 13

W is the matrix of inventory recuirements per unit of

ross cutput — dimension 5 x 5.

]

'1\ - - - i - -, hy R
(a/ Bxports and government expenditures: these are sssumed o te

exogenously given. Thus,

R 3 (6)
- ) 5 x 1 vectors
TR ) )
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4 (e) Consumption requirements: nouseholds are divided jato the
rural and urbvaun scctors. Within cach of these sectors a threefold classi.-

¢ distribution of incomes. The

LO]
e
N

ficaticn is carried oul according tc the
upper income group coupriges the richest 207 of houscholds and the 1ower
group conteins ine poorest 307 of housenolds. The rest are classified

in the middle income group. The following subscripts are used to denote

each of thege groups:

Rural Sector Urban Sector

R1 is th

[0

bvottow 30% Ul is the botiom 30%

N

R2 is the middle %0% U2 is the middle 50%

R3 is the upper 207 U3 is the upper 20%.
CP1’ CR2’ CR3 are the vectors showing ratio of expenditure in a
L

pariicular geclor to total expenditure for each rural group — dimension

5 x 1 each. C__,

U1 CU?’ CU3 may be similarily defined for the urban grourps.

V, =i (8)

where Vt is the value added, and

o4 is the ratio of value added to gross output.

. ¥ . )
th Xy SXy/'BX.y Vt, (-4)

x=R, U; yv=1, 2, 3
where ny is the final consumption demand vector of income
group xy -- dimension 5 x 1;

Sxy is the average propensity to save of group xy;

BXY is the proportion of total income going to group x.

¥
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Thz vaives given to the individual b1 determine
the pattern of income distribution. They zet as

5 parameters in the model.

Intersectioral

or egual to supply. Aggregating equaitions 1, 3, 4, 5, 6, 7, 8, anl 9,

we cbiloin total demend. Tctul supply eguals domestic production end com-

petitive imports. This Is distinguished from non~competitive imporis,

which are reguired directly as a fized prcportion of gross catput to
facilitate production. Tor intersectoral consistency, thereforz, we re-
gquire:

+ B.K( - L% (s - 7))
AX, + BE(X X))+ bzk(xﬁz t+1) + W( < ¥,

8 b v oS0t -e OB e we ¢ X+ (10)

XYy xy’ “xy t NN
where M, is the competitive rmports vector — dimension 5 x

t

\ . ; . s . . N
(2) Foreipn exchanse constraji Thig is the only Tixed resource

constraint in the mecdel. The toital supply of foreign exchange is given
by exports and Ioreign aid, both of which are exogenous. The denand
foreign exchange takes the form of she demand for imporits —- competitive

nd non-competiitive. This has to be less than or equal 1o ithe total
availability of foreign exchange. Thus

(” + m-Xt):é h, + ure (i1)

where m is the

@

izgonal matrix of non-competitive iLmport

reguircnents per unit of output produced -— dinm-

consistency requires that total demand be lors than
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(3) Initial peraicd constraints: The lovel of capitel formatiocn

T

in the pre--plen vears sets a limit tc the amount of production possibl

in the first two plan years, because of the two period gestation lag as-

suned. This cen be reprcsented as:

X, % & (12)

Y, & (1)

where 21, 7, arce the vectors of maximum oubtputs possivle ixn

2

the first two plan yeers -— each dimeasion 5 x 1.

(4) Post-terminel erowih constraints: There are also certain

terminal capital requireaerts bullt into the model. For our original set

of "runsg", we assgume that gross output levels in the two post-terminal

>
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)
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2
W
=
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a3
o)
w
Qo
5
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)
]

that covtained Tor the final year.
. =% =X (14)
Later sensitivity tests are made to seec how the results obtained change

wner alternative post-terminal growth requirements are assumed.

P

SN pas .o : . 3
(5) Mindmum ovtput consiraints: Due to the linear nature of Lhsa

Ch

modeld, correr sclutions result. So, 2 zero ovtput level for a parficulszr

&

o

secier in some year is distinetl possibility. However, such a solution

?

1

would De Teasible

m
H.

n cur simplified model only bvecause of the ueglect

ol a wyriad other constraints waich have rnot been incorporated. The
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presence of this possibility, however, limits ilhe usefulness of ths model,

We thus incliude several rdnimam output restrictions as a proxy for these

other censtraints. These minimum outvut figures are derived meaivly li<wm

biolugical and socliological considerations. They arc, however, a crude
representation of the actual constreints imposed by these ractors., They
are used because of the extrewe difficuliies faced in quantifying these
actual restrictions, and the lack of adequate data on this score.

[y
X > Dy (1)
where Lt is the vector of minimum outiuts.

Our probler can then be forrally written as

5 uXJC
mavimize » ———
t=1 (1 + d

subject 10

]:1 - A+ DKWL ?‘ff - Sxy>ﬁxy"’4'l} T, - [‘131’( - BX + v\iz re
- BKX, o+ W, 2 E,L + gt; (10)
Xg = X o= X, (14)
wemeX, o+ wlh € E¢ + ure, t =1, 5; (11)
X, € Dy (12)
¥, € 22; (13)
3,2 it; t =1, 5. (19)

In the above system,

o

Tler the apypropriate substitutions, we have

¥

a totel of 6% inequalities (2% corresponding to (10), 5 to (11), 5 o (12),

Lo (15) ra 25 te (1%) 3 There are a total of 115 varisbles %o he
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determined by the linear programning problem (25 gross outputs, 25 ccupetii-

tive imports, and 6H slack variebles,. The 50 output and import levels,

4

therefore, represent the chiolce

[i

3 aveilable to the policy maker. The varti-
cular levels which maximize the value of the objective function depenas
upon the kind of income redistritution pclicy envisaged (i.e., tae velueg

of the @yy‘s). These could act as guides to the planner in setting catput

)

targets, once a particular kind of redistribution policy has been seclectes

for implementation. Morcover, the shadow prices obtained by solving the

]

dual to the problem informs the planner of potential bottleneck sress and

:

¢

also guides him on the most efficient use of fcreign exchenge., The feasi~
bility, or otherwise, of the pian under particular types of inccme redis-
tribution cchemes are also determined. It therefore proves to be a very
useful instriment if the government embarks upon guantity planning. =Zven
otherwise, the identification of bottleneck areas enables the plammer to
anticipate problems. It is usvally o good idea to size up a bridge be-

fore one attempts to cross it.

(3) The application

There are mainly three sources of original data used. These are
(1) A Technical Note on the Approzch to the Fifth Plan of India 1574-79,
(Government of India, Planning Commission, April 1973)(40); (1i) Draft
Outline for the Fifth Plan (Government of India, Planning Commnission)(29);

and (iii) National Council of bpplied ILconomic Research data (6%).
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Beyond these, a few tables were adapiled from Planming for Growth

- . /
by Eckaus and Parikl \28).

bt

t is assumed that the plamiiug period is five years, and that

there ave five sectors in ithe sconony. These are:
4 P T+«
(I) agriculture;

e

(2) ecuipment-manulacturing industries (Mainly industries
which have derived demands for their producﬁs);

(3) coxsumer goods industries;

(4) services anda trarnsportation; snd

(5) coustructioa industries.

Sectors (2) and (5) only are assumed to provide supplies for capital forma~

tion. Supplies from sectorr (2) aontrinuate to capital formation one pericd

N

B =y -\ . -
later, and those from zeclor 5, two periods later.

Roth the technical rote and the dralt outline of the Lifth plan
provide a 6t--sector classification of the econcmy. Whenever data from

these sources have been used, the 066 sectors have been collepsed into five

in the following manner:

Our classification Planning Commission's classification
1. Agriculture 1. Foodgrains

2. Other agriculture
3. Animal husbandry
4. Plentations

5. ¥orestry

11. Sugar and gur

12. Vegetable oil
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1%. Tea and coffee
14. Other food products
2. Eguipnment 6. Coal
7. Miscellaneous ccal and pstroleunm
products
8. Iron ore
9. Crude oil
10. Other minerals
25. Fertilisers
24. Inorganic heavy chemicals
25. Organic heavy chewicals
.29. Other chemicals
30. Petroleum products
32. Refrectories
3%, Other non-metallic mineral products
34. Tron and steel
35, Non-ferrous metals
26. Bolts and Nuts
37. Metal containers
38. Other metal products
39. Ball bearings
41, Agricultural implemente
42. Machine tools
43, Other machinery

44, Electric motors
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3. Consumer goods

45.
46.
47.

50.

17,
18.
190

20.

40.
48.

49,

58.

92

Electric wires

Electronics

Batteries

Televhore and telegraphic equipment

Other electricals

Ships and boats

Ay ot
Rail equipment

Other transport equipment
PRV AFELIE S

Cotton texti;es

Jute textiles

Otlicr textiles
¥iscellaneous

Wood products

Fulp and paper products
Leather products

Fubber products

Plastics

Cosmetics and drugs
Man~made fibres

Office ard demestic eguipment
Electrical household goods
Radios

Hotor cycles

Motor vehicles

Watehes and clocks
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59. Miscellaneous sciexalific instruments
60. Other industries
£1. Printing
4. Transportation €£4. Railways
65, Other transport
66. Other services
5. Construction 31. Cement
6%. Construction.

The following tables were obtalned from the technical xcte by
collapsing the 66-sector clacsificatioa into & bS-secvor classification.
This was done by sinply multiplying the 66-sector technical coszsificients
by th2 corresponding gress oulput levels to obtain the current flow matrix.
The €f-sector current flow matrix ls aggregated to a five-sector crnec by

the process of adding.

A= 1.2028193% . 00600570 15650205 .00781281 .068:10441
04453051 33616449 . 12420063 .02423270 L14383172
00327623 .02022181 . 19326021 . 01458008 . 02203817
07241024 15856755 . 10825021 04870775 LA3154787

01228643 .02264744 01879003 01275509 L 12772695

M= |.00540165 0 0 0 C |
0 L06675555 0 0 0
0 0 . C4166538 0 0
0 0 0 . 00158554 o

0 0 0 0 00721530

o
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€y and g, for the pre-vlan year (19/5—74) and for the verminal
c 3

year (estimate) of the plan (1978~7ﬁ) were obtlaiied Trom the technical
note. The (6-gsector classification was agala aggregaled to a five-sector
ore. The wvectors for the iIntermedlste years were obtained by interpolating
linearty botween these bwo Ligures.

in¢ was cstimated also Irom the techmical note, and was Found %o

3 i)

be equal o 011655963 for the economy as a whole. The value added for

<

the eccnomy as a2 whole was divided by the gross outputs aggregeted over
all the sectors to oblain this figure.

'ht’ has been maintaincd a2t a level equal to the maximum of the five
pre--plan yeers for the first four years of the plan, and has been sssumed
to be zero in the terminsl year of the plen. This is in’concurrcﬁce with
the plan objective cof independence from foreign aid by the end of the
plan period. It also allows for the fact that if this objective ic to be
realised, it may be necessery to use foreign agid to the maximum amount
L)

{
g

avallable during the first four years of the plan. The figures Jor
are obtained From tne Draft Outline of the Tfth Plan.
Several tablec have also been obitained from Bekaus and Purikh's

-

Planning for Growth. The correspondence between Bckaus and Parikh's sec~

toral classificelion and owc's is the Iollowing:

Cur cliassificalion Ackaus and Farikh's classification

1. Agriculture

-

. Agriculture and plantaiions

2. Bquipment 2. Mining and metal

]

3. Equipment

7. Blectricity
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4. Consumer Goods

leum products)
5. Cament, gless,

6. Food, cloining

\

4. Servicegs end g. Transport
s

Trancporiating

5. Construction 4. Construction

10. Housing

11. COthers and margin.

The Tollowing tables were derived by collapsing Sckaus and

1~seclor classification to our 5-secter cl
K = 1.510 9] .0

0 1,794 0

0 0 O

L
The B1 and B2 matrices parallel
Eckoaus and Parikh (28). Sectors 3, 9, and

fication) contribute 1o cevital formstion.

tion lags of two years. and secior @ o lag

288

0

0

0

el

ification,

0

0

1.61

N

e

4. Chemicules (including rabher,

and lesther

11 (aocording to their

ctors 3 ana

™

have

woddern producss,

L
-
wu

Parilkh!

the p', p'", and p"!' matrices of

classi-

are assume 10 produce uniformly over tiume, e.g., the equipment sector pro-

ducing for capitel formation two years hence produces

~

output in the [irsi year exnd nhalf in the se

)

that sector 2 (accordiﬁg to our classirlication

a year. We havs

one year aund sector Y a lag of twe years. We vrocced as

assumead

half of its requirsd

pelro-

Co

[}
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¥

two peviod producticn procesg in the construction industry requires re-

gources 1o be allocated to it in the first year o production.
based on the assumption that ihe government allocates the resources at lhe
beginaing of the |
will have

will have

11

x

11

i,
21113

is

Aoy
IGATI LY

T preoject.  In Serms of figures, i1t means that the 31
positive uumbers along 1ts second row only, and the B2 metrix
them along its fifth row only.

b =8 x= |0 0 0 0 o
L21895  .92681 .43438 2.173 09071
o 0 o 0 0
0] 0 0 0 0
0 0] 0 0] 0
b, = ByeR = 0 0 0 0 o |
O 0 0 0] 0]
¢ 0 0 0 0]
0 0 0 0] 0
3.28303 86424 .34999 G 1.95216 |

The W matrixz was obteined by collapsing Eckaus and Parilh's

table into a 5 x 5 one:

w={.318 .007 .189 0
.001  .27% .240  .003

L0740 0037 L1790 L016

0 0 0 0

{ 0 0 0 0

The congunption

expenditure ratios of

-l

various commodities in

the
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different income groups ere computed from the (6-sector table nvailable

in the technical ncte. The date availeble in the technical note was given
separately for the rvrel and urben sectors by decile groups. In order

to aggregate over the diflerent groups to obiain our three-group clascli-
Tication, we hzd {to know the Tigures for the proportion of income going

to each decile group. This was ohtained from NCAER data. Assuming savings

(3

rates of 0.1 ard 0.2 for the middle and upper iacome groups respectively,
we couvld convert income distribution figures into expenditure distribution

figures. 1t may be noted that the assumption of these zavings rates for

W

the variovs groups resuliz in an aversge savings rate of approximately

15%, which is close to the national average.

G, = [-50279405] o, = [.54992508] . = [.72224018]
02276143 .0211095¢ .00832735
. 16919947 . 16283959 12248240
. 27928101 24419935 1343510%
. 02595403 02137642 01259907
Oy = 412832527 oy = . 42285470 | Oy = [-56229525
03980245 . 03978867 044757262
. 17689075 . 17004262 LTE157278
27551445 27101454 10666642
+09496608, 09529947 | 05509293

From NCAER cata we know that the ratio of rural Families to urtan

A

is 4.89:1, whercas the retic of velue added in the rural sector to tual
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in the urban sector is 2.474:1. We also know the income distribution
pattern within the rural and urban sectors separately. With the aid oY
these figures we can calculate thegzij for the reference solution.

Ao

To caleculate %, and Z,, we compubte the sectoral growth rates over

1 27
the five years preceding the plan period. It is assumed that enovgh

s

capital is available to support these rates of growth over the first iwe
vears of the plan period.

Lt is obtained by a different mcthod Ior each of the sectors.
Since we have assumed a two-period gestation lag, output in the first two

yvears of the plan is constrained more than in the lster years.

the sectors thereforc, the minimum output levels required in the first wwo

O

periods are recessarily lower than those in the foliowing yeers. These
constraints are most important for the two consumption seciors, i.a.,
sectors 1 and 3. Por cecter 1, which includes foodgrains, we positulats a
minimum outpub requirement which is 2/% of the level attained in the last
pre-plan year. It is to be notea egain thet this is & boundary condi-
tion imposed because of the linear mature of the model. It in no way
recommends that these conditions be strictly satisfied. It merely pre-
vents one from obtaining absurd results, (e.g., zero levels of output
in a sector in four of the plan years, and a huge amount in the remain-
ing year) wiilich could occur because of the linearity of the modsl,

In the consumer goods sector (sector 3) outpur is required to
never Tall beiow half the level of the pre-plan yeal

In the transportation and other services sector (sector 4},

production is required to be at least 3/4 of the pre--plan level in the
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Table 1

% of rural % of urban
Income groups income inconme
Lowest 307 12.18 9.65
Iiddle 50% 42,57 36.36
Upper 2074 44.65 53.99

Without being sharply analytical, one can notice that the income
distribution is rather skewed. Qur reflercnce golution (Case 1) iz run
with these income distribution figures, i.e., the existing distribuiion,

Sixteen other cases have been considered, each of them corregs-

pondirg to a different type of rziistribuvion progrem.

Table 2

Bogualigation belween

Lower and middle Middle and upper All income
inccme groups income grecups SCOUPS

Both urbtsn and rural

sectors separately Case Z Case 11 Case 13
Rural only seclor Case 3 (4) Case 7 (12) Case 14 {16)
Urban only sector Case 5 (6) Case 8 (9) Case 15 (17)

The cases outside the brackets azsumed that the households revained
the consumption pattern of the group to which they originally belonged.
The cases listed within the brackets assumed that households change their,
consumption patvterans instantaneously, and adopt those of the now incoue

group to which they move. Thus we have considersd the twoc extreme pat-
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terns of consumption adjusiment. The actual adjustment pattern will lie
somewhere between these two extremes.

Case 10 corresponds 1o the redistribulion of income between the
urban and rural sectors so that the average rural family has the same
income as the average urbsan family.

sults o in iy iscuss i e T owing chapter.
The result btained are d ed in the foll g chapt



CHAPTER 5

The Resulis: An analysis

1. Introduction

In order to avoid a taxonomic approach to the study of the re-
sults obtained in the different "runs'" of our model, we should clearly
define the main objectives of our exercise. They are:

(1) to determine how dJdifferent kinds of income redistribuiion
schemes affect gross production levels, and therefore deter-
mine the allocations of resources;

(2) to pinpoint the principal hottleneck sectors when these re-
distribution schemes are put intc elfect; and

(3) to find how sensitive are the results to aliernstive assump-
tions regarding the social discount rate, the foreign exchenge
availability, the terminal capital stock requirements, and
the savings rate.

Policy recommendations will accordingly be made on the desira-
bility of these three kinds of redistribution, and the implications of
these policies will be spelt out in detail. The policies are always
based on the resulis of the simulation exercises. Iu each case, redis-
tribution between the groups concerned is assumed to be carried out uantil
perfect equality of income is obtained.

The shadow prices obtained by solving the "dual" to these linear

programming problems will be studied in detail, since they furnish us

102
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with information on the "bottlenecks" which arise when these different
kinds of redistribution schemes are effected.

Finally, a comparison between our recommendations and the govern-—
ment of India's policy will be made to see how far official policy is

in lire with the governmeat's objective of redistributing income.

2. A summary of the results

The principal results obtained from our redistribution exercises

ére the following:

(1) A completely egalitarian distribution of income in the econ-
omy as a wholé, or in either sector individually, is infeas.
ible.* This kind of redistribution would imply the transfer
of income from the upper to the lower income group, while
leaving the income of the middle group in approximately the
same position as before;

(2) Rural redistribution schemes, in general, give a higher value
for the objective funcition than do urban redistribution
schemes; |

(3) Redistribution between the two lower groups yield higher vziued
objective functions than redistribution between the two upper
groups;

(4) Allowing an instantaneous adjustment of consumption patterns

* —~ A lineer programming problem is infeasible if there does not
exist any solution vector satisfying the constraints of the systen.
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in response to 1ncome chenges sometimes rcesults in higher
values of the objective function and somecvimes in lower
values;

(5) A redistribution of income bevsween the upper two rural groups,
allowing for instantaneous adjustment of consumption patterus,
is infeagible;

(6) A redistribulion of income against the town and in favor of
the country is feasible, and results in a higher value of
the objective function than that obtained for the reference
solution;

(7) The results obtaincd are insensitive to a change in the dis-

% is used, the results

count rate. When a discount rate of 5
are completely insensitive. A 209 discount rate yields a
different time profile of gross prcduction, witn more being
produced in the earlier years. However, the results obtained
regarding the relative efiiciencies of the various redistri-
bution schemes still remain the same as in the original sinu-
lations;

(8) & high discount rate results in extremely low levels of con-
struction in the first two plan years;

(9) Lowering the foreign aid availability from the assumed Rs.
5000 million in the first four plan years to a nominal Rs.
500 million leads to upper-middle income urban redistribu-
tion schemes becoming infescible. The results that are feas-

ible, however, are still in line with our conclusiors abcut
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the efficiencies of the various schemes vis-a-vis each other:

(10) If terminel capital stocks are reguired to maintain the post-
plan growth of production as envisaged in the Draft Fifth
Five Year Plan, we do not obtain feasibility in any of the
cases;

(11) The assumption of higher savings rates makes it possible to

successfully equalize incomes between all three income groups.

Before moving to a detailed study of the results obtalned undex
the various redistribution schemes, a study of the relative magnitudes
of the objective functions proves interesting. They are shown on the
following page (Tarle 1) in descending order of magnitude.

The highest value of ths objective function is obtained when
income is redistributed between the lower and middle income groups in the
rural sector. The value obtained in this case is higher than that of the
reference solution, which has been run assuming the actual prevailing dis-
Vtribution of income. This is a very encouraging result, since most of
the statements about redistribution are made with a view to alleviating
the plight of the rural poor, who live under the subsistence level of
income. The result tells us that such a redistribvution should be ef-
fected not only for humanitarian reasons, but also because it results in
a higher level of gross output over the five plan years. This is a very
powerful result, since most policy recommendations are made after consid-
ering various kinds of trade-offs. In this case, what we intuitively deem
to be fair, also results in a higher level of cutput.

The above results are not surprising, since a study of the shadow



— TABLE 1
- / 2]
Type of Redistribution Value of
Objeclive Function
(in Rs. million)
Case 4 Between Lower snd Midéle-
Rural (Adjusted Railios) 246%252.1711
Case 2 Betweern Lower and Middle-
Rural and Urten 244%211.0067
Cage 3 Between Lower and Middle-
Rural 2457249, 5425
Case 10 Between Rural and Urban Sectors 2426694.7110
Cage 7 Between Upper and Middle-Rural 2420500.2950
Cace 1 Reference Solution 2407804.1109
Case 5 Between Lower and Middle~Urban 2406730.5727
Case € Between Lower and Middle-
Urban (Adjusted natios) 2402674 .60%8
Case 8 Eetweern Tipper and Micdle-Urban 2385460.8733
Case 9 Between Upper end Middle-~

Urban (Adiusted Ratics) 2376675.5010

Ceses 11 to 17 are infeasible

prices {see Table 3) siiow that agriculture is not the bottleneck sector

in any year in ihe plan. A higher share of income going to the rural poor,
resulls in & greater demarnd Tor sgricultural products, and a lower demand
Ffor manufactured consumer goodsz, which consistently have higher shadow
prices., To produce consumer goods, moreover, a higher proportion of
equipment and services are reguired., Both these sectors have high shadow
prices, especlally in the early yzars of the plan. All these Tactors re~
sult in less strain on the system when redistribution between the rural

lower and middle income groups is carried out.
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The lowest value of the objective function is obtained when re-
distribution is effected between the urban upper and middle iacome groups.
This, too, is to be expected, since the urban middle clags constitutes
a group of people who have a very high demand for manufactured consumer
goods. This is due to factors like the demonstration effect of consump-
tion in advanced countries, new wants created by the rapid spread of edu-
cation and technology, and a desire to emulate the style of living of
the upper income groups within the country.

If we assume that any movement toward egalitarianism is desiratle
for its own saeke, we could say that redistribution between the rural lewer
and middle classes is most desirable, and that between the urben upper and
middle classes least desirable, alveit desirable all the same.

The results obtained above are to be expected. It has been noted
that the rise of the urban middle class has resulied in the upsurge in
demand of all kinds of manufactured consumer goods, which have created
tremendous pressures on the economy. The relevant question is not (as
has been sometimes mistakenly posed) whether the couniry can make manu-
factured consumer goods. It is rather that if she does make them, will
she have enough resources to maintain production in other key sectors,
which are necessary to raise the level ofproduction in the long run. The
problem is one of the oldest in economics — that of choosing a production
point on the country's transformation schedule. Since this is a dynamic
model, every time a point is chosen on a transformation schedule the
availability of capital for the future is determined, and a new production

possibilities curve is obtained. The solution is o obtain a time path
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which gives us a high enough growth rate for the planning period, and yet
satisfies the basic requirements of the intra-plan years., A study of the
reference solution, with which we compare the different types of simulated
distribution policies, will be useful at this point.

As shewn in Table 2, gross outpul increases from Rs. 560864.0855
million in the first year to Rs. 59442%.4317 million in the final year
of the plan — an increase of 5.98%, which is much lower than the growth
envisaged (25.5%) in the plan. There could be several explanations for
this. The foreign exchange constraint and the consumption ratios have
Been worked into this model — something which may not have been done when
the plan projections were made.* It may also be due to the manner in which
our model has been formulated. The use of a discount rate changes the time
profile of production so that it is bunched more toward the earlier years.
This metkod may not have heen followed by the goverrment, since the pro-
viding for future generations may be a much more important part of the
government's objectives *han it is for the individual. Our model, it
must be remembered, has been formulated with a view to ascertaining the
effects of various kinds of redistribution schemes within a fixed planning
period. This has been done to determine whether they would cause undue
hardships or imbalances in the production structure when implemented. Ve
are really inlerested in their effects on a particular generation of

people, and so a discount rate is impcsed, on the assumption that people

* . No dsteils are given on the exact manner in which the plan
jections have been made. It is, therefore, difficult to pinpoint the
on for this difference in results.
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TABLE 2

Gross Cubput
(in million Rs.)

Case 2
ggualivy between
Lower and ladadle
Groups in Rural
and Urban Sectors

Reference Sclution

Year 1 Agriculiure 229367.975%% 259721.6298
Equipment 79718.8725 79491.2916
Congumer Geoods 75604 .1300 75604.1300
Services & Transport 153049.0500 155042.C500
Construction 235124.0571 22160C.2456

Year 2 Agriculture 251663.9773 261713.03%319
Equipuent 82286,3148 81€44.8351
Consunmer Goods 76485,1900 76485, 1200
Services & Transport 154775.3600 154775.3600
Congtraction 15000.0C00 15000.0000

Year 3 Agriculturc 271751.9149 242008£.3175
Boud pment T1935.6C71 71329.2535
Ccasuner Geods 642%5.4512 64551.8597
Services & Transport 170514.6791 1700381.9802
Congstruction ATT4AT. 4245 27002.7348

Year 4 Agriculture 2%4587,€242 244415,6748
Equipment 56532,6429 561%4.5392
Consumer Goods 87204.04%2 £6989.,8039
Services & Transport 172979.7142 172442.4615
Congtruction 30304.8350 30164.7841

Year 5 Agriculturs 258827.7443 249137.6632
Equi pment 53253.3830 . 53338.6763
Consumzr Goods 91515.8579 89744 ,4982
Services & Transpori 178038.4114 177158.6929
Construction 31788,0351 31576.,0305

Value of Cbjective Function

2407804.1109

2443211.,0057
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TABLE 3

Shadow Prices

Cage 1 Case 2
Year 1 Agriculture .0299 0159
Equipment .6053 .6021
Consumer Goods 4.8713 4.,9216
Services & Transpori £.8713 4.9216
Construcition .830% 8177
Year 2 Agriculture 0 0
Equipment 1.3373 1.2454
Consumer Goods 7.4330 7.5318
Services & Transport 7.4330 7.5318
Construction .6589 6502
Year 3 Agriculture .3009 .3051
Equipment .8985 .9066
Consumer Goods 1.4113 1.433%3
Services & Transport .6042 .6095
Construction 3110 . 3139
Year 4 Agriculture . 1188 . 1089
Equipment 4683 L4650
Consumer Goods . 1908 L1972
Services & Transport . 3433 .3589
Construction 1244 . 1045
Year 5 Agriculture 0 0
Equipment <4994 .5031
Consumer Goods 0 0
Services & Transport L4440 4444
Construction 0647 L0690
initial Constraints
Year 1 Agriculture 0 0
Equipment 0 0
Consumer Goods 4.,2952 4.3516
Services & Transport 5.8302 5.8877
Construction O 0
Year 2 Agriculture 0 0
Equipment 0 0
Consuumer Goods 5.2007 5.2933
Services & Transport 7.8036 7.9385
Construction 0 0]
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przfer present consumption to future consumption. This assumption is meade
for most kinds of optimum grosth models (44).

Agricultural production rises sharply in the szcond year of the
plan, but then falls, so that more modest gaing in outyput are recorded.
This kind of behavior may be explained in terms of the initial capital
constraints.  Agriculture requires relatively less capital than either
equipment, cervices and transport, or construction. Tnese have to wait
until capitel is built up, which occurs with a two-period lag. In the
interim, sgricultural producticn can take place in ordsr to obtain higher
values of the objective fumciion. Agricultural production is 4.56%

*
higher in the final year of the plan as compared with the first year.

Equipunent production rises in the second year of the plan, and
then tapers off. This is due to the fact that income igc assumed constant
over the two post-plan years, thus cutting down on capital requirements
for post-plan production. This assumption has also been made with a view
to simplifying ihe model, so that attention can be concentrated on the
effects of the various redistribution schemes. These simplifying assump-
tions can be legitimately wmade since our main results regarding the rela-
tive efficiencies of various income redistribution schemes are insensitive
1o variations oif the parsmeters dnvolved.

The production of consumer goods increases by 21.05% during the

* — The model could perhaps be improved by including population
growth as a determinant of agriculitural consumption, irstieud of having
it oniy depsnd on ircome. Iun this sense we are being Yeynesiza. Agri-
cultural siajow prices are. however, extrenely low, impiyias thab it is
not the bottieneck in the plans. Thus, the simplification sheould not
lead tc any serious distortions of resulis.
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Tive plan years. This figure will probably be lower if higher post-
terminal growth rates are postulated. The time path of consumer goods
production is intercsting. It remaing fairly low in the first two years,
and actually declines in the third year, when consumer requirements are
met by imports. It can be presumed that during this time capacity is
being built up to enable the sharp increases in output recorded in the finsal
two years of the plan. The economy is following the clasgsic path of
high investment and postponed consumption, which is characteristic of
planned economics. In the interim period, the requirements of consump-
tion are met by imports.

The services and transportation sector increases steadily through-
out the plan period, recording an overall increase of 16.33%. The steady
increase of services and transport points out the importance of these
sectors in the growth process, no matter what the time profile of the
growth of the various sectors may be. Banking, education, market faci-
lities and transportation are an essential requirement of any kind of pro-
ductive process. The infra-structure has to be built up in order that a
smooth growth path may be successfully followed. It may be compared with
the motor oil which is vital for the smooth functioning of any engine.

It may not be very visible to the casual observer, but is esgentisl if
the engine is not to sputter and die.

The importance of the transport sector cannot be overemphasized.

A moment's reflection on the enormity of the size of the country makes the
idea of a problem itransportation sector very plausible. The plan's empha-

sis on balanced regional developrent has made for a fairly uniform spacing
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of indussries throughout the country. In the absence of comprehensive
location planning, the requirements of industries for transportation as
input must he fairly high. Add to this the fact that the intra-country
trancportation network was fairly undeveloped at the time of independence,
and we can widerstand why it proves to be one of the stumbling blocks in
the way of swift progress.

The crucial nature of transporitation also makes very clear the
importance ¢f Jocation planning and multi-level planning. In many social-

ist countries, planning is a two-way stream. The central plenning author-

D

ity sets targsts to be reached nationally, and allocates differsnt pori-

¢

ions of it to regional authorities. The regions, in turn, use these
targets to celculate the shadow prices of various resources, which are
transmitted back to the central authority. The latter use these shadow
prices to fix a new reviesed set of targets, and the process continues.
The targets originally set ars therefore the inmitial values for stas:iting
an iterative process, which successively approximates the final target.
In Indian planning, the process seems to stop with the initial step.

The local authorities (who are the only people with knowledge about the
availability of local resources), do not have any chance to get into the
act, Thus, the computer at MNew Delhi may find that enough resources are
available for a particular industry in the country, not taking into ac-
count the fact that the factory may be in Tamilnadu and the regource in
Punjab (a distarce of over 1500 miles). Plamming at a lower level could
sort this out, and location plamning could help in industries being locased

clese to thelr source of inputs. Thig could sufficiently lower the require-
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ments of transportation (i.e., charnge the rclevant inpubt-output coeffi-
cients) and thus eases the strain on the very crucial sector.

Construction production increases by 37.47% over the entire plen
period, thus recording the highest increase of any of the sectors. Con-
struction does not tail off like equipment production, because a large
part of demend is for final consumption. Thus even though posti-terminal
reguirements ror capital formation are not there, increasing incomec give

rise to an increase in the demand for housing accommodation.

o
i
2

A study of the shadow prices (see Table 3) reveals that they
generally higher for the first two years of the plan. This is to be ex-
rected since the initial capital endowments restrict the permissible
levels of output in the firgt two years.

Agriculiure has a low shadow price throughout the plan. Bauip-
ment maintains noderate shadcew prices, althougn it rises briefly in the
second year. This can ve explained by assuming that construction was
proving to be the mzin bottleneck 1o cepital formatiocn in the Tiret year
of the plan, as it works with a two period lag. Once the coustruction
oulput was forthcoming, the onus rested on the syuipment sector in the
following pericd to wzke ihe composiie capital conmplete.

The services and congumer goods sectors have high shadow prices
in the first twe years of the plen, due to tne initial capital constraint.
The shadow price of consvmer goods fells off rapidly, snd becomes zero in

the firal year of the plan. The shadow price of services also fallg, but

doer not beccre zero at the end.
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The construction industry has a high shadow price jun the Tirst

¢

year of the plan, but fslls rapidly, and becomes negligible by the final
year.

The shadow price of foreign exchange in any particular year is
equal to the maximum value taken on by the shadow prices in the various
sectors. The linear nature of the model ensgures thet all inports are
made into those sectors which have the highest shadow price. Certain
models (28) prevent this by imposing ceilings on competitive import levels
in the various sectors. The failure to do so, however, does not make the
model unrealistic. There ig reason to assume that all imports should be
charmelled into one sector, if it is the most efficient policy, given
our objectives. This holds with even greater force when we consider the
Tact that the sectors are in a highly aggregated form.

We have been thus far looking at production levels, imports and
shadow prices which optimize our objective function, given the prevail-
ing distribution of income. We now move on to compare these results with
those obtained under alternative assumptions regarding income distri-

bution.

3. Redistribuiion between lower and middle income groups

Redistribution between the lower and widdle income groups is
feasible in both the rural and the urban sectors. MNoreover, it is feas~
ible whether we assume that househcolde reitsin their old paitern of cor-

sumption, or whether we assgume that they instantaneously sdept that of
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the new income group to which they belong. Their actusl behavior would
lie between these two extremes.

When & redistributicn scheme is put into effect in the rural
and urban sectors simultaneocusly, we still obtain a feasible solution
(see Table 2 in the previous section). The value of the objective func-
ticn ishigher than that obtained for the reference solution. The differ-
ence seews o he mainly caused by consistently higher levels of agriculi-
ural cutput in all the plan years. The middle income group's demand is
directed mainly toward commodities and services which are in chort supply
in the economy. This slows up the entire growth procecs because of the
inter-relatcdness of the different sectors. The divergsion of income away
from the middle groups and toward the lower income groups, which congumcen
a higher proporticn of the relsiively abundant agricultural producc,
accelerates the growth process, and leads fto higher vealues for the objec-
tive funetion lhan obtained Lefore. Agriculiural output is about Rs.

10,000 million higher in each year, whereas outputs in other scctor

o2}

are
slightly lower as compared with the refersnce sclution. Thus, sizeabtle
incresses in aggregate outmuts result.

Dural redistridbution always results in a value of the objective
function higher than that Tor the refersnce solution., Urban redistribu-
tion scheres, although fesgible, regult in lower values of the ohjectaive
funcbion. The main reascon for this difference ogain seems o lie with
agricultursi production. Agricultural productiom, under urbsn schemes,
althovgh higher than that obtained for ihe reference solution, consistently

vieldd output levels lower than thoss obitained under rural scheintes. The
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TABLE 4

Gross Output

(in million Rs.)

Zguality between lower and nmiddle income groups

Case % Case 4 Case 5 Case 6
Rural Fural Urbtan Urban
(Adjusted ratios) (adjusted ratios)

Year 1 Agriculture 237590.7868 241513,4000 231638.0070 230287.7525
mguipment 79515. 9413 81202.5123 79131.2464 79459.0435
Congumer Goods 75604. 1300 75604, 1300 75604, 1200 TEC04.13%C0
Services & Trensport 153049.05GC0 153049.,050C 153049.05CC 153049.0500
Construction 22548.4225 22217.41C3 22126.3585 221£48.9439
Yesr 2 Agriculture 260052.9914 £264913.9900 25%2006.9300 2529%8.9775
Boud puent 81740.3688 82964.0930 81401.1904 81563.6831
Consumer doods 764835.19C0 76485.1900 76485, 9900 T6485.1900
Rmﬂ"%"”s & Transport 154775.3600 154775.3600 154775.3000 154775.3500
astruction 15000, G300 12000, 00CC 15000. 0000 15C00.0000
Year 7 Agriculiure 2798%7.0415 24%706.4220 2%386%.5023 231883.2773
fauipment T1445.75%6 T5779.5748 709635, 1527 70852.8548
(ohuuucz Coon £4345.0795 66531.3407 64124.1591 63445.4225
Services & Trensport 170204.G6570 168597.8410 170232.5406 170662.9914
Construction Z7541.0986 37542 .0559 36720,%222 3E128.2839
Year 4 Agriculture 242354, 16831 2459%1.1620 23 269.5813 234100.4€62
bguipment 55343.9565 58370,163%6 5629.77633 55679. 1754
Coasumer Goods 87071.2014 88812 h162 8686) 0840 8C126.1717
Secrvices & Transport TEBE3.3%ED 70242.1520 172546 .74 1729°74.2485
Construetion 50395.0254 14/6, Q0n9 Z0016.0121 309%4.1237
Year 5 sgriculiure 2473%22.7829 250700, OOAO 240914,0032 249112.0347
Lnauipment 5%275.4609 £6308.1739 52812.6070 52020.6049
Censucer Goods S0275.8828 91152.453 89554, 4647 a8501.7573

services & Transport 1TYRE2.219% 175466 .7904 17AE5.,2930 1776705172

Conctiructior 51853.00067 190G, 000% 51428, Q0s( 22H04.5057
Velue ot Chisctive funectlen 2437%249.5425 2463252 .1711 24007320, 5727 2402674.5008
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Cage 3 Case 4 Case 5 Casge 6
Year 1 Agriculture .0185 . 0071 . 0295 .0310
Equipment .6027 . 5997 .6049 L6050
Consumer Goods 4.9128 4.9513% 4.8697 4.8627
Services & Transport 4.9128 4.9513 4.8697 4.8627
Construction .8200 . 8093 .8295 .8305
Year 2 Agriculture 0 0 0) 0
Equipment 1.3442 1.3493 1.3364 1.5253
Consuner Goods 7.5158 7.5851 7.4286 T.4179
Services & Transport 7.5158 7.5851 7.4286 74179
Construction .6518 .6454 .6587 L6590
Year 3 Agriculture . 3044 3074 .5009 . 5003
Equipment . 9053 .9112 .8982 L8971
Consumer Goods 1.4296 1.4466 1.4110 1.4082
Services & Transport .6086 .6128 .6041 L6033
Construction 3135 3156 .3110 .5105
Year 4 Agriculture . 1107 . 1034 11390 L1195
Equipment . 4689 4695 L4683 L4678
Censumer Goods . 1961 . 2009 .1910 . 1901
Services & Transport .5562 L2677 .34317 3417
Construction . 1076 L0944 L1227 . 1238
Year 5 Agricuvliure 0 0 0 0
Equipment L5025 . 5052 .499% L4885
Consumer Goods 0 0 0 0
Services & Transpors 4443 <4446 <4439 4436
Construction . 0683 L0714 0646 L0042
Initial Constraints
Year 1 Agricultfure 0 0 0 0
Equipment 0 0 o) 0
Consumer Goods 4.3416 4.3854 4.2941 4.,2867
Services & Transport 5.8777 5.9214 5.8283 5.8202
Construction 0] . 0 0 0
2
Year 2 Agriculture 0 0] 0 0
Equipment 0] 0] 0 0
Consumer Goods 5.2781 5.344% 5.1977 5.1882
Services & Transport 7.9138 &.0084 7.7994 7.7855
Construction 0 0 0 0
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urban lower income group does have a higher demand for agricultural pro-
ducts than doec the middle group; however, the difference is not as great
as that prevailing in the rural sector. The lower savings rate implied
by this redistribution scheme puts strains on the system, and this is not
fully compensated by a shift of demand to agriculture. In the case of
rural redistribution, there is a lowering of the savings rate, bul the
massive shift in demand towards the abundant agriculiural sector allevi-
ates this strsin, and makes higher gross outpuls possible.

Comparing the effects of these income redistribuiion schemes
under alternative assumptions regarding the adjustment of consumer be-
havior patterns, we come acrosg an interesting result. In the case of
rural redistribution, the assumption of instantaneous change of consumer
behavior patterns ieads to a higher value of the objective funcilion than
that obtained assuming no change in consumption ratios. In the case of
urban redistribution, bowever, a lowcr value of the objective function is
obtained when allowiag for sucn adjustments. In both the rural and urban
cases, the allowance of instantancous adjustments leads to a lower over-
all savings ratio. This has a more serious effect under rural redistri-
bution schemes since total rural income is higher than urban. However,
the consunmption pattern of the intermediate group (i.e., intermediatc
between the lower and middle income groups) is closer to the lower group's
pattern in the rural sector than in the urban. Thus, when rural schemes
are implemented, the new intermediate clasgs demands relatively less of
manufactured consuwer goods which are scarce in the system. The urban

intermediate group bas a consumption pattern which is much more askin o
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that of the middle income group. This feature of consumer behavior can
possibly be explained in terms of the demonstration effect, which is under-
standably more effective in the cities than in the countryside.

The fact that the lowering of the savings rate is more sericus for
rural schemes than for urban, is borne out by the fact that the shadow
prices for adjusted ratio "runs" relative to uradjusted ratio "runs" are

higher for the rural schemes than for the urban schemes.

4, Redistribution between upper and middle income groups

This kind of redistribution is feasible in the rural and the
urban sectors, assuming that consumer behavior patterns caunot change.

The value of the objective function is kigher under rural redistribution
than in the refereace solution, but it is lower under urban redistribution
than in the reference solution. With adjusted consumption patterns, the
value of the objective function is still lower under urban redistribution,
and the problem becomes infeasible for rural redistribution. A simul-
taneous eyualizaticn in both the urban and rural sectors is also infeas-
ible.

Under rural redistribution, agricultural outputs are consistently
higher than the refercnce solution., Higher sgricultural ocutputs in the
second year, which are a feature of every "run'", is particularliy pro-
nounced in this one. Agricultural output incresses by 15.39% in the second
plan year, but falls back in the next year to a sieady growth rate of

about 0,6% DET annum.,
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Gross Cutput
(in million Rs.)
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Equality between
upper and middle income groups

Cage 7 Case 8 Case 9
Rural Urban Urban
(ad justed
ratios)
Year 1 Agriculture 241294.9224  2299£8.8089  22773%3%.4920
Equipment T1377.4333 78100.0261 T7852.5227
Consumer Goods 75504, 1300 756C4.1300 75604,1%00
Services & Transport 153049,0500  153049,0500 £3049.050C
Construction 20618.5261 21071.4107 21809.2763
Year 2 Agriculture 279648.7%364  2850568.1687  245855,1072
Bguipment 65973.5110 80041.,0250 80075.4879
Consumer Goods T€485.1900 TE4A85, 1900 76485.1900
Services & Transport 154775.3600 154775.2600 154775.3600
Construction 15000.0000 15000.0000 16355.1808
Year 3 Agriculture 240776.8781 231546,5216  230105,3127
Equipment 48197.1959  69572.4703 69629.8%81
Consvuer Goods 8RTT4.15%34 63775.276% 64030.2144
Services & Transpcrt 170018.5967 170026.8715 169781.4256
Construction 56737 . 3006 55342.0713 34874.3%234
Year 4 Agriculture 244126.5460 233048.0588  231877.4474
Eguipment 18421.7357 54132.9%17 53823 .4267
Corzumer (Ccods 89805 .2177 86331.,0083% 86640 7570
Services & Transpors 170571, 4444 172%30.6724 V232%.942%
Comstruction DE438,152% 29740.7141 “96 4.2913
Year 5 Agriculture 248378.2099  235895.,123% 234203.1514
Equipment 15000, 0000 52530.8573 51720.369%
Coaswper Goods 10554?.4205 88045.2333 883483. 1230
Jervices & Transport  15883%1.9927 176385 4283 176638.9153
Congtruction £7195.4915 317%8.4583 31580.0644
Valve of objeciive function 2420500.,2950 2385460.87733  2376675.501C




TABLE 7

Shadow Prices

Case 7 Case 8 Case 9
Year 1 Agriculture .0398 L0436 L0604
Equipment .6156 .6139 L6305
Consumer Goods 4.5014 4.8668 4.9111
Services & Transport 4.9014 4.8008 4.9111
Construction .8499 .84983 .8820
Year 2 Agriculture 0 0 0
Equipment 1.3546 1.3440 1.2702
Consumer Goods 7.5086 7.4218 7.5256
Services & Transport 7.5086 7.4218 T.5256
Construction .6549 7512 .1822
Year 3 Agriculture 3462 L2122 .2309
Equipment . 9329 8644 .8925
Consumer Goods 1.4451 1.3983 1.4346
Services & Trarsport 5890 L6770 .6881
Construction .38132 L1696 . 1969
Year 4 Agriculture L0537 L3762 .5987
Equipment 4590 . 5706 .5993
Consumer Goods .2106 .2055 2338
Services & Transport 4341 .0978 . 1100
Construction 0 5706 . 5993
Year 5 Agriculture .0913 . 1103 6455
Equipment . 1939 .8200 1.5839
Consumexr Geoods 0 5747 1.1228
Services & f'ransport . 4350 .85200 1.2433%
Construction 0 L1022 L7530
Initial Constraints
Year 1 Agriculture 0 0 0
Equipment 0 0 0
Consumer Gcods 4.31%5 4.2797 4.%5048
Services & Transport 5.8682 5.8275 5.56838
Construction 0 0 0
Year 2 Agriculture 0 0 ¢
Equipment 0 0 0
Cornsumer Goods 5.2460 5.1732 5.2507
Services & Transport 7.8700 7.7682 7.85%4
Constructicn 0 0 0
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The consequence of the greater demand for consumer goods by che

i
o=

iddle income group is very noticeable, as gross output in that c=2zior
registers an increase of 39.%4% cver the five plan yeurs, -he largest
increase regisiered in this sector for any of the simulation runs. The
most spectacular increase is registered in construction, where an increassz
of over 225% is registered. In order to provide for these increases, the
outputs of equipment and services are much below those of the reference
solution. In fact, in the case of the former, the output in the last year
is equal to the minimum permissible level., This kind of redistrivution,
however, results in very 1little capital formation toward the end of the
plan, and coula therefore result in problems if a longer time horizon
than two post-plan years are considered.

If consumption patterns are allowed to adjust, however, we cb-
tair an infeasibility with rural redistribution. This occurs despite the
fact that the adjustment makes for higher savings rates than the case
where old patterns were assumed to be retained. The infeasibility occurs
because the intermediate income group (i.e., in between the uoper aad
widdle income groups) has a consumption pattern closer 1o that of the
higher income group. In particular, the high demand for services makes
it impossible to cut dowa on its p