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The utility of intertemporal or dynamic planning arises not only from its

formulation of future goals but also from its specification of the mens to

achieve those goals. A plan for economic developmnt is not just a set of

targets. To be operational it mst specify the measures necessary to achieve

those targets.

An intertemporal plan is like a guide map. It shows the beginning and

ending of the journey and the road to be travelled in order to make the trip.

Just as incomplete maps would result in wasted effort, in the same way, short term

or annual plans are, by themselves, inadequate planning tools0 The increasing

uncertainty of longer periods, the inevitable short run deviations from pre-

scribed paths, the changes in technological possibilities, for example, all such

influences justify annual and short term plans. But such plans will be most

effective when placed in the context of a long term plan with its broader

perspective and greater flexibility, Only long term plans moreover can adequately

encompass projects with long technical gestation periods and other slowly working

initiatives.

The same type of influences which justify short plans necessitate frequent

re-planning an a long term basis, This means that long term planning as well

as short term planning, is not a once-and-for-all operation0 It must be a

continuing process with modifications in the light of new knowledge, changing

objectives and for elaboration to greater detail.

*The authors acknowledge the helpful comments of Messrs. Andreatta, Harberger
and Sevaldson while retaining full responsibility for any errors,
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All planning is a political as well as an economic process. Though the

political constraints often remain implicit in an economic program, they

constitute the boundaries within which the economist must work. The components

of economic policy are often competing, however, both as regards means as well

as choice of ends, and the difficulties in political decisions arlse not so

much in formulating the ideals of a good life as in making the inevitable

choices among its components, The economist has, therefore, the responsibility

of defining the economic content of the political constraints given to bim

and to demonstrate the implications of alternative policies for concrete

economic magnitudes.

i. The Choice Elements in lntertemporal Planning

In plans as in life not every w17 een be satisfied and not every element

can be ce n ndcpendeitly, T here are politic.al. constraints which qe rhal

not attempt to explore in detail here and economic constraints which we shall

illustrate. These constraints arise cut of the economic structure and the inter-

relationships within it. In any planning model there must be a number of opticns

which can be utilized to achieve a preferred economic situation. We refer to

these options as choice elements in the planning problem. The precise nature

of these choice elements and the manner in which they may be determined depends

on the way the planning problem is posed and the type of planning model which

is set up. In a planning model whose purpose is simply consistency, i e

the determination of an intertemporal path of rosource allocations and output

levels which will lead from a given initial position to a specified terminal



stock, there are four such choice elements: (1) the initial level of consump-

tion, (2) the planning horison, (3) the growth of consumption during the plan

period, (4) the terminal conditions. Not all of these can be chosen indepen-

dently, Once three are stipulated, the feasibility and, in that case the magnitude

of the fourth is also determined. However, for planning models whose purpose is

to determine the 'bestO of all possible paths of development which connects

two different positions in time, these choice elements will have to be reformalated.

Since the concept of a 'best path' is itself a matter for discuion we sball

take up this reformulation in Section III of this paper. In this section and the

subsequent one we deal only with the first type9 the consistency model.

1. Levels of Consumption and Saving at the Beginning ot a Plan.

The point need not be elaborated that most of the resources required for

growth in any country must be provided internally. Just as the productive resources

currently available depend on past accumulation so also the endowment which

the present leaves to the future depends on the manner in which current resources

are allocated between consumption and investment.

The vicious circle of poverty and stagnation from which the less-developed

countries are trying to escape sets limits on the proportion of outpat from

currently available reseurces which can be diverted from consumption to building

up productive resources for future use. The proportion can be changed, however,

by individuals in some of the income brackets, at least, and by the State in

1 ! n the Implementation of a plan the "i1l be many more detailed
choices to be made such as the relative emphasis to be given to import-
saving or eXport-gaining industries and the choice of the technologies which
will be used. These choice, however, while of great significance are derivative
and constitute a choice of means rather than ends.
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pursuance of the national goals. This proportion is one of the fundamental

choice elements in planning.

Most important from the viewpoint of planning is that the State can affect

the initial levels of consumption and saving by the various tax and control

measures at its conmand. The economic analyses of alternative policies should not

obscure the fact that the choice is essentially political. in some countries

physical coercion has been used. Where such means are abhorrent, fiscal and

other indirect devices are employed and the element of State coercion becomes

less obvious. These indirect measures are each likely to have a limited scope

where consumption is already low but they are not without effect.

To force down consumption by any means will be a difficult process. More

often the practical issue is to what level it will be allowed to rise, The

decisions have to be political but their consequences are profoundly ecanomic.

This also applies to the degree of inequality of consumption which is tolerated

in the process of development. This inequality influences the level and pattern

of consumption and may be as significant in the latter respect as in the former

since the consumption of the upper income groups makes special demands an such

particularly scarce resources as foreign exchange. Therefore, a redistribution

of income, or of poverty, to put the point another way, may be required to

create the initial conditions necessary to achieve the other economic goals

which a nation sets for itself.

2. Time Horizon of Planning.

The choice of a time horiaon for planning is not just a question of whether

there are technical-economic reasons for a five year plan or a ten or twenty

year plan, though these are important, Some of the most important projects



require long periods to show their full benefits. In addition, the choice

of a time horison also influences the manner in which the sacrifices and

benefits of economic growth should be distributed over time. The choice of a

planning horison of 50 years, for example, at the end of which relative

austerity would be relaxed would be one aspect of a decision to deny the present

generation any of the fruits of its own labor and sacrifice. A planning horison

of five years my imply the opposite.

There are technical-economic reasons for a long plan rather than a short

plan in the opportunities the former provides for foresight and continuity

of effort. These reasons are not finally decisive. For example, a policy

of preparation for imminent doomsday would override such egume-nts and dictate

short term planning in spite of its limitations.

The choice of the length of the planning horisca is more usually an implicit

rather than an explicit decision in planning. Although this decision affects the

path and content of economic growth in an essential, if intricate, way, the

alternative choices are less fully debated than, say, questions related to current

consumption and savings levels which may seem to be more tangible and pressing.

The time horizon issues, hoever, have not been completely ignored. A commn

policy statement is that the present generation should participate in the

benefits of the future economic growth for which it is naking sacrifices.

An explicit and open policy to the contrary has rarely if ever been enunciated

in any country,

Yet the meaning of the policy of participation by the present generation

in the returns for present sacrifices has to be spelled out. Todays's patriarch

cannot expect the same future benefits as the schoolboy. Still the impossibility



of promising fully equal participation does not prevent establishment of some

standards of equity. One such standard would be that a representative member of

the current population should have a better future. Another slightly different

criterion would set this goal for an average person in the present labor force.

For the application of such criteria the average length of life is important

or, more precisely, the average life expectancy of the population or of members

of the labor force. For the present population of India as a whole the average

life expectancy is in the neighborhood of 32 years. It is substantially

less for members of the current labor force. This suggests a limit to the

postponement of the enjoyment of the fruits of development on the basis of

either of the above standards of equity.

As the time horizon of planning is shifted further into the future, the

main variables of an intertemporal planning model are significantly affected.

Since results are so critically related to the choice of a single number

which is bound to be somewhat arbitrary in character, economists have som-

times been tempted to set the planning horizon infinitely for off into the

future. For certain types of analytical problems this particular choice of a

boundary condition in time is useful. But, particularly in a consistency

model, there would be something contradictory in postulating a set of finite

terminal conditions to be reached only over an infinite period of time. This

consideration is logically sufficient to rule infinity out of considerationo

In choosing between finite horizons of varying lengths, the considerations

outlined earlier, together with the inevitable cumulation of uncertainties

of a receding future dictates the choice of a horizon which does not put off

decisions for too long.
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3. Rate of Growth of Consumption within the Planning Period.

The rate at which consumption is allowed to grow during the plan is another

element in the decision as to how to spread the benefits of economic development

over time. Moreover, it affects in a direct way the rate of growth of production

and of capital accumulation for further growth. The more quickly consmaption

is allowed to grow, and the lower the rate of saving cut of the increments of

production, then the greater the current spread of the benefits of development.

Developsunt itself, however, depends on the plowback of increased output into

investumant. So a too large or premature diversion to production of consumption

goods of the resources which become increasingly available as the result of

development could stifle that development.

The decision as to what grewth in consumption will be permitted is again

a political one. Ordinarily, in free societies, it will be difficult to rule

out at least some increase in consumption. As incomes rise and. as unemployment,

open and disguised, is reduced, there will be increasing demands for consumption

goods.

Another major source of pressure will be the general upgrading of the

working force which takes place as part of the process of development: increas-

ing numbers of unskilled workers acquire skills; more persons move into foreman

and supervisory status, becom higher civil servants, managers, entrepreneurs

and so on. As individuals participate in this process of upgrading their

occupations they will also try to upgrade their consumption to the patterns of

the now levels they are achieving. Thus the mere maintenance of the present

relative supplies of consumption goods will mean growing scarcities of

particular types as increasing numbers of persons bid for the apartments,



motor scooters, automobiles, etc, of the higher income levels. Denial of these

amenities is in turn certain to become a pressing political issue.

The political and economic interconnections between the choice elements in

long term planning are illustrated by the relations between the choice of initial

consumption levels and of the rate of growth of consumption during the plan.

Suppose the initial level of aggragate consumption from which planning starts

could be diminished by reduction of the inequalities of consumption. Subsequent

upgrading of consumption as occupational levels rise would then mesan less overall

pressure on consumption. On the other hand9 the decision might be that current

reduction of the inequalities of consumption Is politically more difficult than

delaying the upgrading process. Or there may be some planned use of both

procedures.

There is, from the standpoint of production possibilities, groat flexibility

in the rates of consumption growth at various phases of a plan over the planning

horizon: fast at first, slow later, or vice versa or any other pattern.

Each pattern of growth rates and each composition would have a dif2erent economic

significance and each would pose a different political problem, Nigh consumption

growth rates in the early pla stages may be justified not only on hnumne grounds

but on those of increasing human stamina or giving necessary encouragement for

future sacrifices. On a political evaluation that it is more difficult to hold

down consumption once it has begun to grow, just the reverse procedure might

be dictated. The detail of alternative patterns of consumption growth must

also be considered in order to have a full appreciation of their political

as well as economic significance0
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4 Terminal Conditions in Planning.

Stipulation of the terminal conditions of an intertemporal plan requires the

choice of one or another set of national economic goals* These terminal condi-

tions may have alternative characterisations. For example, it may be specified

as a political decisica that at the end of the planning horizon certain minimum

consumption levels should be achieved and that same particular rate of growth

should be maintainable thereafter, Or it may be stipulated that a particular

level of employment should be a terminal condition or that independence from

external assistance be established by the end of the plan.

Of course it may not be possible for the economy to achieve whatever

set of targets is specified, Or it may be possible to achieve the targets only

by means of sacrifices in the other choice elements. There will be inter-

relations also among the various components of the terminal conditions and possi-

bilities of doing better in one sector by accepting a lower level of performance

in another sector. There are detailed problems of economic analysis in

determining the feasibility of the terminal conditions and their relations

with each other as well as with other choice elements.

The particular year-by-year production targets of a plan are not terminal

conditions in themselves. They are the implications of such conditions taken

together with the values given to the other choices elements. The annual

production levels emerge as the result of the total planning process*

The content of the terminal conditions is a political decision: the economic

goals which it is the nation's objective to achieve by the end of the planning

horizon. If the goals are specified in terms of consumption levels, then the



politics of consumption levels and distribution are involved in an obvious

way. Statements of terminal conditions in terms of resources of productive
i e ., in terms of steel capacity

capecity,/or dams or power stations or machine tool production, have implications

for consumption and saving as well and, therefore, are just as political4 If

the implications are hidden, the content of the political decisions may be ob-

scure, It is possible that the statement of terminal conditions in torns

of productive capacity raises fewer internal political issues just because the

consumption, saving and tax implications are unspecified, though not by any

means undetermined.

The choice of terminal conditions for a planning period does not mean there

is a lack of concern for succeeding years. Rather it is a decision about the

desired characteristics of a way station in economic growth. These characteristics

may include rewards for previous effort and provide also for more future growth

depending on political evaluations and satisfaction of economic feasibility

requirements.

In the re-planning mentioned above the terminal conditions as well as the

choice
other/elements of the intertemporal plan may be modified in the light of new

alternatives which become available or new exigencies which must be faced.

If a plan is made with standards of equity in mind and if it is regarded

as a national compact, the new set of choices should, to the maxiansm extent

possible, provide for no worse standards of life for the population and

exploit to the fullest any new opportunities which arise.

II. Substitution among Choice Elements

The economic and technical limitations on the choice elements have already

been referred to as they are inescapable characteristics.. For example, the

-10o-
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higher the value given to consumption in the initial conditions, the less

the initial investment and the subsequent growth possibilities. The higher

the intermediate rate of growth of consumption, all other things being equal#

the less the achievement possible in the terminal conditions, The longer the

planning horizon, the lower the initial investment necessary to reach any

specified terminal conditions. The more abitious the terminal conditions,

the greater the need for stringency in consumption Initially and/or through

the planning period. These are straightforward qualitative conditions which arise

out of the basic facts of limited resources and which do not require any specific

planning framework for their revelation. In practical planning, of course,

it is the exact quantitative nature of the limitations and substitution

possibilities which are of great interest. To know these quantitative

possibilities in detail requires a great deal of technical and economic inform-a

tion, the specification of a planning model and a lot of computation. The

basic logic can be illustrated simply, however, with an aggregate model whose

objective is the achievement of consistency among the choice elements.

Suppose we think in terms of the production of a generalized output which

is divided between consumption and investment. We start with the amount of

resources available at the beginning of the plan. This availability in this

aggregative approsch is represented by the stock of capital and the productivity

coefficient. As the first decision about one of the choice elements we might

stipulate the initial levels of consumption and, thus, also determine the

initial use of the available resources in the production of consumption

goods and in capital formation. However, we provisionally leave this element

to be determined by decisions about the other three choice elements. The terminal
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conditions will be translated into a specific level of capital stock to be reached

at a particular time in the future. The choice of that time determines the

planning horizon. Finally a decision Ast be made about the choice of the rate

of growth of consumption which will be allowed during the plan period*

Not every possible path and set of parameters are consistent, which reflects

the constraints of the economic system, but we will consider only those which

can be realised. The overall productivity of capital will be taken to be close
Indian

to that implicit in the/Third Five Year Plan, We take, as well, the 1960-61

levels of consumption in India of roughly 14000 crores of rupees as the basis

for comparison with the initial levels of consumption derived from the planning

model.

The significance of alternative decisions on the choice elements in long

term planning can no be illustrated by a set of numerical examples. The planning

horizon is set at fifteen years. The terminal condition is at first set so that

there is no growth in capital stock by the end of the planning periode Bach

row of Table I shows the necessary change in the initial consumption level as

compared to that now prevailing as the result of a specification on the rate of

grrth of consumption allowed during the plan.2 Thus, remembering that the rate

of population growth in India is itself about 2 per cent, a small increase
imediately

in consumption would be permissible/if it were intended that per capita consump-

tion were to remain constant over the next fifteen years and it there were to

be no change in the stock of productive resources by the end of the period.

If the rate of growth of consumption is set at 4 per cent during the plan period

and everything else remains the same, then, in order to give a 2 per cent

increase in per capita consumption, current consumption levels must be cut by

2o These tables are based on a simple aggregative model which is outlined
in a brief Appendix.



013-

4.8 per cent. A 6 per cent rate of increase in consumption implies even greater

current sacrifices.

Table I.

Rate of Growth Required Change
of Consumption in the Initial

during Level of
Plan Period Consumption

2% + 0.4%
4% - 4.8%
6% -10.0%

A more ambitious terminal goal has more austere implications. If the

objective is to double the stock of capital goods by the end of the 15 year

plan period, I.e., to achieve an annual average rate of growth in capital resources

of slightly less than 5 per cent, we have the conditions of Table II, That table

:ndicates that the terminal goal is achievable with no sacrifice in the current

or future levels of per capita consumption. But, let the current level of

consumption rise by ever so little, and that goal will not be achieved. If it

rises by as such as 0.4 per cent, Table I says that the capital resources will

just be maintained over the plan period. If per capita consumption is allowed

to rise during the plan, then there must be greater immediate sacrifice if the

terminal condition is to be achieved0 There must be a sacrifice of 5 per cent in

current censumption for a 4 per cent intermediate rate of growth of consumption

and an imediate sacrifice of 10 per cent for a 6 per cent rate of growth in

consumption over the plan period b

Table II.

Required Change In Rate of Growth
the Initial Level of of Consumption during

Conuption the Plan Period

3% 0

0% -1002%



These examples are not intended to be descriptive, though they are

approiimative with respect to the Indian econour. They are illustrative

of the significance of alternative intertesporal planning decisions. They

clearly demonstrate that what is done right now does make a great deal of

difference for the future. Having a long term plan, for example, does not

encourage complacency or procrastination, Rather its purpose is to indicate

what must be done immediately. In the present circanstanaes, it suggests

the need for great stringency in containing the pressures for raising consump-

tion levels if the national goals are to be reached. This in turn implies the

need for reviewing policies designed to restrict consumption at the upper income

levels in order to share the burdens of sacrifice equitably,

Changing the decision about the planning horizon is not in itself so

important in determining the current and future levels of -consuamAion permissible

as is shown in Table III for a planning horizon of twenty years. Of course, this

does not imply that the choice of a planning horizon my not be important on

political and equity grounds as discussed above.

Table 1110

Rate of Growth Beqired Cango In
of Consumption the Initial Level of
during the Ion

Plan Period
If Capital If Capital
Stock Is Stock Is
Not to to Double
Grow over the

Plan Period

2% + 0.3% + 0.2%
4% - s.%- 5.0%
6% 10.3% - 10.3%
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III. Optimizing Plauning Models

The description of choice elements in Intertemporal planning, as well as of

the rates at which they can be substituted, has so far been based on a consistency

planning model, This type of planning framework has as its major objective the

maintenance of intertemporal and intersectoral consistency as the plan moves

from its beginning to its end over the planning period, satisfying specified

intermediate requirements. The choice element concept changes in the context

of an optimizing model, however* To broaden the discussion it will be useful

to turn briefly to such models whose goal is the immediate deduction of the

best plan of development. It will be most convenient for the purposes of

illustration to continue to deal with economic aggregates.

Two broad types of optimization models can be distinguished: (1) optimisa-

tion models defined with respect to a terminal state and (2) models in which

the optimization procedure attempts to single out the best among all alternative

paths. In the first type of model the objective is to find a plan which leads

to the highest possible value of a function made up of the economic magnitudes

which describe the terminal conditions. Examples of this are models which

maximize terminal consumption or the utility of terminal consumption or some

mix of terminal consumption and investment. These belong to what have become

known as "turnpike" type models. Compared to this the second type of

optimization model takes into account the entire path leading from a specified

initial position to a specified terminal position, Among the class of feasible

paths it picks the one which is the best in terms of a stated preference

function. These may be called Ramsay-type models after their original analyst.

In a turnpike type optimization model the choice elements are the length

of the planning horizon, the initial level of consumption and the exact nature
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of the preference function involving the terminal variables, The intermediate

rate of growth of consumption canmot be chosen also but mast be deduced or

there would be no scope left for the optimising procedure. In a Ramsay type

planning model the choice elements are more intricate than in any of the

alternative models discussed so far. As in the consistency model the planning

horizo and terminal objectives are specified. The initial and intermediate levels

of consumption emerge as part of the solution of the model. The other choice

elements are in the definition of the preference function which mast evaluate

the utility of one entire consumption path against that of another. Composing

a preference function with meaningful choice elements for this type of model

is a difficult task.

IV. Intertemporal, Multi-Sector Planning

The basie components of intertemporal planning have been illustrated in terms

of aggregate planning models0  The next step is to elaborate these appaniea

in order to operate in the many-sector detail which constitutes the practical

content of development programso

Expanding the scope of planning to many sectors also requires more detailed

specification of each of the various choice elements. The initial conditions

most now be described in terms of each of the items which make up the consumers

budget o The choice of a rate of groeth of consumptiem new involves decisions

about the different growth rates permitted for each one of these items at

various stages over the plan period. The terminal conditions mast also be

specified in detail0 Instead of stipulating only one level of aggregate conmmp-

tion and aggregate investment in the terminal period, each of the consumption,
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investment and other final output items must be indicated for that period.

Only the planning horizon can continue to be given as a single number.

Detailed information is also required about the structural relations between

the various sectors both with respect to their current requirements and their

requirements for capital expansion. Interindustry or input-output information

is an essential ingredient.

A mtlti-sector, intertemporal planning model can be envisaged which is

essentially an extension to many sectors of the simple, aggregate consistency

model already described. The result of the planning process would be the

determination, period-by-period , of production levels or targets which are

consistent with the decisions made about the choice elemnts.

The possibility of re-planning would always be kept open In fact, the

approach is envisaged as a continuing process which permits adjustments to

take into account the actual levels of achievement year by year and changes

in structural relations.

This type of planning procedure does what an intertemporal plan should do

and tells what must be done now in order to achieve distant goals. The approach

illustrated here is not one of general optimisation, however, and would not

attempt the ambitious task of finding the best of all possible paths of

development. It would be desirable to explore the implications of alternative

paths and in that way provide a basis for discrimination among then.

Analyses of this type could also lead to the eventual use of optimization

models to investigate the substitution possibilities among terminal conditions,

for example, and, in this way, fuller exploration of the potentialities of

economic development.



By no means all of the probiem of bntertepcral planning can be bandled

in any planning aodel Whnh data coliection and statistical estimation must

be done outside it and fed into it, ResIts of the planning process mst

be interreted and dies egated0  Fiscal and motary issues have to be hadlad

separately. Yet an intert.pcral planning procedurn provides the fecs

nesmry to raka all these separate activities coherent,

APPENDIX e

The simple, aggregative model underlying the numerical examples is familiar

to economists. The following variables and parameters axe used ,

Y (t) - National incom ow outpat in period t

C(t) total consumption in period t lo U er wlre is
the initial level of consumption and r the rate of roth
of consunption chosen for the inter-plan period

K (t) the capital stock existing in period t

I (t) - investment, or the change in capital stock, in period t ,
or K (t )

b - the outpt-tapital ratio, or Y(t)/K(t), which is set
at 1/2.5 or O4

T -- the planning period.

The initial level of capital etek S (o) in set at 37000 croes of rupees a

Then, substituting into the basic national incoae equatioa,

Y(t) C(t) + UEt)

We get bK(t) = C e + K(t)

Thts is a simple differential equation which is the basis of tae unmerical

emarplesq



Since this is a first order eqation, it determines a one-paramter family

of solutions Rorver, since C is an unknown of this problem, our solution is

really a member of a two-parameter family of solutions . Specification of

initial and terminal capital stceks enables us to determne a specific solution

in this class.

The qualitative results are independent of the value of parameters chosen.


