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This paper describes a articular model for the analysis of economic plans and discusses the results of some 
illustrative computations.* The purpose of the model is to facilitate the multi-sectoral analysis of the temporal and 
intertemporal relationships between certain strategic elements in a plan. Specifically, the model is designed to derive 
that highest attainable sum total of consumption over the period of the plan which is consistent with the terminal 
targets and other constraints, The terminal targets can be either exogenously stipulated or endogenously derived 
as a function of stipulated post-plan growth rates of important economic variabks such as private and government 
consumption, exports and imports. . . solving for the highest attainable total consumption the model—among other 
things - can be used: 

(a) to trace explicitly a consistent time path for each of the different sectoral outputs and investments, and 
(b) to test the feasibility of a plan in terms of minimum consumption requirements.1 

By repeatedly changing the assumptions underlying those strategic elements of planning which are explicitly 
included in our model, a whole set of alternative blueprints can be generated. Each of these will meet consistency 
and feasibility requirements. 

These blueprints must, however, not be confused with social-political-economic plans which arc prepared by 
ix)litical planners attempting to reconcile simultaneously a multitude of technical and political constraints with a 
multitude of social objectives. This is so because our model is designed to analyse the relationship between con
sumption and certain other strategic elements of a plan at the cost of abstracting from several other very important 
social objectives such as, for instance, employment targets or income distributional considerations. Furthermore, in 
certain very important instances the choice of technical and demand assumptions depends on the kind of judgment 
which can be made only by those who have a political and technical responsibility for the choice of the strategy of 
development. Such judgment has to be exercised on the most varied decisions—such as the ability to implement 
policies needed for the completion of targets or the desirability of increasing or decreasing the reliance on foreign 
aid. And because of the inimitable uncertainties about the future, the role of judgment is all the more important. 

Nonetfieless, the derivation of alternative blueprints can profitably serve the purpose of analysing certain impor
tant aspects of development strategies. Political planners can then consider how the qualitative insights gained from 
the various blueprints each based on optimisation with respect to one particular objective—-or their weighted combina
tions-should affect the over-all design of the plan. 

To illustrate the numerical implementation of the model we also present some experimental computations 
which were undertaken with Indian data. One set of computations, ie, the one referred to below as a consistency 
check, was performed in the context of the Third Five Year Flan. Because of the above considerations, however, it must 
be clear that our interest in the computations themselves is methodological and thus they are presented to highlight 
certain important qualitative points and not to provide guides to policy. 

The quality and relevance of the numerical results depend, of course, on the accuracy of the data as well as 
on the specifications of the model. In our computations we hate attempted to use as realistic data as was available 
to us at the location of our work. Nonetheless, since we were distant from the original sources, justifiable hesitation 
remains on this account. But even if the data were perfect, which they never are, there can still be legitimate differ
ences of opinion about the relevance of specifications to conditions prevailing in India. 

The numerical results of the model must be interpreted in the spirit of the above observations. At the same 
time, the qualifications are in no way intended to minimise the usefulness of models of this type which we firmly 
believe can be an important aid to formulating and testing certain important aspects of development plans, 

[The model and the empirical and computational work presented here are bailed on the joint research of the 
two authors of this paper wi th R S Eckaus. Time and distance limitations d id not allow the checking of the text 
by R S Eckaus, but all three collaborators are in agreement wi th regard to the analytical aspects of the work. The 
computations were made possible through the work of K i r i t S Parikh who programmed the model. This paper is 
closely related to an as yet incomplete and unpublished more general study of the uses of mathematical models in 
economic planning joint ly undertaken by S Chakravarty, R S Eckaus and L Lefeber. It is also related to a preliminary 
NBER conference paper currently under preparation. 

However, this paper also includes the views of S Chakravarty and L Lefeber concerning the policy implica
tions of the model, and must by no means be taken as committ ing R S Eckaus either to agreement or disagreement 
wi th any of the views expressed wi th regard to the model's relevance to planning in India. No doubt in part because 
the nature of the model and the experimental results have not yet been made available in India in an easily accessible 
form, several misunderstandings about the policy implications of the approach have recently arisen. It is to clarity 
the relevant issues that we hasten to present the model as well as the computational experiments together wi th our 
views about their relevance to economic policy in India.] % 

The model - a n d some of the experimental computations -were discussed in two seminars given under the 
auspices of the Indian Statistical Institute. We are indebted to the participants for their helpful discussion. We are 
grateful also to S A Marglin and K N Raj and T E Weisskopf for their useful comments. 
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I 
N a t u r e o f t he M o d e l 

THE analytical techniques used for 
our numerical analysis are well-

known,*' Therefore, we do not propose 
to offer a complete description in the 
present context. It is, however, im
portant to grasp firmly the structural 
characteristics of the model so as to 
facilitate a proper comprehension of the 
numerical results and their limitations. 

The model used is of the finite 
horizon type. Time is treated discrete
ly. The length of the planning horizon 
is assumed to be five years. The in 
fluence of the post-plan future is, how
ever, introduced through the choice of 
terminal conditions. These are ex
pressed in the form of equality rela
tionships on the amounts and types of 
capital goods to be bequeathed to the 
future. These terminal conditions to a 
considerable extent can be set at the 
discretion of the planner. From the 
purely formal point of view they can 
be set at any levels which are techno
logically feasible. As economists, we 
are, however, interested in reducing 
their arbitrariness as much as possible; 
nonetheless, a residual core of arbitra
riness w i l l remain, at least at our pre
sent stage of analysis as the subse
quent discussion w i l l show. If we are 
wil l ing to describe the post-plan growth 
of consumption, and other exogenous 
items in the final b i l l of goods for an 
economy by functions having constant 
growth rates, then the terminal condi
tions on capital stocks can be express
ed explicitly as functions of levels of 
consumption in the last plan year, and 
other exogenous items and their rates 
of growth stipulated for them beyond 
the planning period. 

It would be very unrealistic to as
sume that consumption and all other 
exogenous items should grow at the 
same post terminal growth rates. 
Therefore, we can assume the growth 
rates to be different. Use C1(T) 
Cn(T); G t (T) Gn (T); E1(T) ... 
En(T); M 1 ( T ) M n ( T ) to denote 
levels of consumption, government ex
penditure, exports and imports of the 
n different commodities in the termi
nal year of the plan. Let r1 ..,•., rn; 
g ...... gn; e1 e n ; m l . . . m n ; . 
denote their growth rates beyond the 
planning period. Then, assuming the 
technology to be described by the two 
Leontief matrices A and B, where A 
is the input-output flow matrix and B 
is the matrix of capital coefficients, we 
can solve for 

where t T and where all the symbols 
indicate ordered sets of n numbers. 
Computation of the numerical values 
for K( t ) is greatly facilitated if we 
can replace some of the vectors by 
composite commodities. Thus, we may 
assume consumption of different com-
modities is in fixed proportions, etc. 
In fact we do make such assumptions, 
under which C(t) has a unique growth 
rate r, G(t) has a unique growth rate 
g, and so on. It may be helpful to 
emphasise at this stage that our pro
cedure is general enough, and the 
uniqueness of the growth rates is only 
a convenient simplification. In fact, 
there are strong reasons to suggest 
that so far as exports and imports are 
concerned, we should drop the unique
ness assumption. The question of con
sumption is a somewhat different one 
and requires a more elaborate conside
ration. 

Maximand and Constraints 
The specific planning model we are 

considering here seeks to maximise a 
linear objective function subject to 
meeting the in i t i a l and terminal con
ditions as well as other constraints. 
We have described the terminal condi
tions. We assume that past history 
provides us wi th the in i t i a l conditions 
at any specified moment in time. 

The objective function which in 
this model the planner is t rying to 
maximise, consists of the discounted 
sum of consumption over the plann
ing period. Since we use a sum, we 
are using a linear objective function. 
The choice of the discount rate is ar
bitrary and has to be given from out
side the model. Consumption is defin
ed as a composite commodity, consist
ing of different commodities consumed 
in fixed proportions. Clearly, this is a 
drastic assumption, but one which is 
not worse than using all types of con
sumer goods, including haircuts, hous
ing and food, additively. Moreover, in 
countries such as India, price-induced 
substitutions in consumption mix—at 
least in the short run—are l ikely to be 
less important than in richer coun
tries. Subject to computational capa
city, some relaxation of this assump
tion is possible and may be easily 
accommodated wi th in the technique. 

So far, we have described only the 
choice elements of the model. Obvious
ly, the model has to operate w i t h i n 
constraints. There are three types of 
constraints. One is technological, the 
second is market-determined, and the 
third is poli t ical . 

Technological constraints are given 
by the Leontief production coefficients* 

We do not require that the model ope
rate at fu l l capacity in every period, 
but it can leave capacity idle if it is 
optimal to do so. We also assume that 
it takes time to build up capacity, to 
o ther ,words , we distinguish between 
investment starts and completions. The 
gestation lag is assumed to be three 
years; however, investment is n**)t 
assumed to be distributed uniformly 
over the lag period. The particular lag 
structure is explained under Section H. 

Market-determined constraints refer 
to our abil i ty to export only l imited 
quantities of goods of different types. 
Export levels are therefore given exo-
genously. 

Political constraints are given by the 
assumed inabil i ty to lower consump
tion levels below the pre-plan con
sumption level. This may, however, be 
relaxed. Further, we do not allow con
sumption levels to decline over time. 
Hence, monotonicity constraints are 
introduced on consumption levels ex
pressed as inequality relationships. In 
other words, in our model, any parti
cular year's consumption must be at 
least as great as the consumption in 
the previous year augmented by a suit
able growth factor. 

In addition to all this, we operate 
wi thin the assumption that only a sti
pulated amount of foreign aid is avail
able year by year which w i th the given 
amount of exports determines the total 
foreign exchange available. 

Given all these constraints, the struc
ture of the model is described by a 
number of linear equations and inequa
lities as described in Section II below. 
For any in i t ia l configuration, there is 
a range of possible developments for 
the endogenous variables al l of which 
meet the constraint and the boundary 
conditions. The optimising mechanism 
chooses the most preferred path of 
development. The word 'most preferr
ed* has of course to be interpreted in 
the light of our preference function. 

It must be stated at the outset that 
one can easily conceive of maximising 
many other social preference functions, 
other than maximising aggregate con-
sumption, which w i l l yield quite diffe
rent social optima from the particular 
opt imum we are exploring here 
However, one can safely presume 
that in many cases an approach based 
on maximising aggregate consumption 
such as the one followed here w i l l 
have an importance as showing the 
logical implications of one of the very 
important desiderata that must figure 
in a rational economic plan. Thus, the 
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qualitative implications of the particu
lar approach adopted here need careful 
consideration. On the other hand, it 
w i l l be wrong to base the strategy for 
economic planning for a country like 
India wi th a massive and growing 
volume of unemployment and a difficult 
foreign exchange situation exclusively 
on an approach based purely on the 
maximisation of aggregate consumption. 

Hence, both from a logical as well 
as from a practical point of view, we 
must be careful not to infer from the 
results specific to one particular ap
proach emphasising only one dimen
sion of economic policy—although an 
important one—the specifications of a 
satisfactory strategy of planning for 
India. 

With in the limitations of our app
roach, our model, as described in de
tail in Section I I , tries to handle a 
variety of choice situations, in parti
cular, those connected wi th the sub-
st i iut ion relationship between consump
tion over a plan period and the growth 
of consumption beyond the specified 
planning horizon. In Sections I I I and 
I V , we discuss the data and some of 
the numerical results we have been 
able to generate through an experi
mental application of the above model. 
In Section IV , we also discuss the 
significance of these numerical results 
for both qualitative and quantitative 
purposes. 

I I 
Description of a Planning Model3 

In order to analyse the significance 
of alternative terminal conditions for 
economic plans we adopt a dynamic 
linear programming framework. For 
our maximand we choose the weighted 
sum of annual total consumption for 
the entire planning peridd, T, which 
at five years is that of the Indian 
Plans. This is a linear objective 
function 

W(t) represents the relative weight we 
place on consumption in period t. The 
ratio between pairs of adjacent weights 
represents a social discount factor. 
Thus, assuming that the weight cor
responding to the first time period is 
equal to one, the value of the objec
tive function corresponds to the pre-
sent discounted value of the stream 
of consumptions over the entire plan 
period. We assume that the discount 
rate remains constant over the plan 
horizon.4 

The model itself is muitisectoral. 

Nonetheless, consumption is a single, 
composite commodity since we stipu
late that sectoral outputs enter con
sumption in fixed proportions. In equa
tion (2) F(t) represents the column 
vector of sectoral outputs designated 
for consumption and c is a diagonal 
matrix whose elements denote the pro
portionate composition of C(t): 

( 

Although the choice of a consumption 
variable that is a composite good is 
undoubtedly a significant abstraction it 
has great computational merit in that 
it avoids the non-linearities which may 
be associated with explicit demand 
elasticities and also circumvents the 
problem of separately weighting each 
good that enters consumption. In the 
evaluation of computational results, 
this advantage has to be balanced 
against the damage done by violating 
reality.5 

The annual consumption levels indi
cated by a planning model intended as 
a guide to policy must meet some exo-
genously stipulated conditions such as 
satisfaction of minimum requirements 
and either a stable or monotonically 
increasing pattern. Substantial fluctua
tions in consumption are not likelv to 
be acceptable. .Monotonicity cannot be 
taken for granted in models of the 
type with which we deal without 
explicitly introducing it in the form 
of constraints. The behaviour of con
sumption over time depends on the 
inter-relationships between the produc
t iv i ty of the system, the discount rate, 
ini t ia l endowments and terminal re
quirements. Depending on their rela
tive magnitudes consumption beha
viour can be monotonic but concen
trated at the begining or end of the 
planning period or fluctuate over time. 

To ensure a rising pattern of con
sumption over time we included a set 
of "monotonicity" constraints : 

These inequalities require that con
sumption in any one period must be 
at least as great as consumption in the 
previous period augmented by a growth 
factor ( 1 + n ) where n is either the 
population growth rate or some other 
politically determined parameter. A 
lower bound is placed on C( l ) to en
sure that at least a minimum level of 
consumption is attained in the first 
period. This is shown by relationship 
(4),6 

The outputs of the 'different sectors 
are used for consumption, inputs ' in to 
current production, capital formation 
and for the satisfaction of government 
and export demand. Furthermore, the 
sectoral outputs may originate from 
domestic production or imports or—in 
some suitable combination—from both. 
This is described by the distribution 
relationships shown under (5) of 
which we have a set for each lime 
period. 

A l l terms of this sum are to be read 
as column vectors, the terms of which 
represent the different uses of the out-
puts of each sector. A is the Leontief 
matrix of input coefficients and X(t) 
is the column vector of the domestic 
outputs corresponding to all sectors. 
Hence, the product, a column vector, 
shows the sum of the intermediate 
demands by all sectors for the goods 
of each sector.7 Other uses, i e, con
sumption, capital and inventory for
mation, government consumption and 
exports are represented by the column 
vectors F(t), N(t) , H(t ) , G(t), and E(t), 
respectively, of which the last two arc 
exogenously stipulated. The two nega
tive terms X( t ) and M( t ) are column 
vectors of supplies from domestic and 
imported sources respectively. 

Capital Formation 
Domestic production requires only 

capital capacity. The production func
tions are described under (6). 

b stands for the diagonal matrix com
posed of capital-output ratios. We con
ceive of a capacity, K(t) , as a compo
site capital which is fixed in its sector 
but changes from period to period ac
cording to depreciation and gross in
vestment. 

To account for depreciation we sti
pulate exogenously the annual replace
ment requirements, R(t), for each plan
ning period. Though in a steadily 
growing economy the replacement de
mand cannot be assumed to be inde
pendent of the growth of sectoral out
puts or capacities, in an economy 
where a period of stagnation i» fol
lowed by growth, replacement demand 
formulated as a function of current 
sectoral outputs or capacities would 
undoubtedly overstate the actual re
placement needs. The formation of 
capacity in each sector is described in 
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(7) where Z(t) denotes gross new 
capacity available fo i use in period t 
which together wi th the capacity left 
over after depreciation from the pre
vious period makes up for total capa
city available at time t. 

Since capacity is a composite con
cept, the gross addition to capacity 
is also a composite unit . Specifically, 
in our definition, additions to capa
city consist of the blending of different 
sectoral outputs according to given 
fixed proportions and at given 
moments in time. In other words, 
capacity additions are produced by 
outputs devoted to capital formation 
wi th a distributive lag structure. A 
well-defined part of the intended capa
city increase must be completed at t - 3, 
t - 2, and t - 1 in order to have the 
desired capacity increase available at 
period t. 

If qk denotes the proportion of 
total capacity increase that must be 
completed k periods in advance [k = l, 
2, 3], then in order to have a unit of 
capacity increase in t, 1 t ( t - k ) must 
represent that part of Z(t) that has to 
be completed in period t - k . This is 
shown by (8). 

i  

The lagged investment components 

I t ( t - k ) have their fixed coefficient pro

duction functions, one for each lagged 

period. In any one time period t, a 

given sector is going to contribute in

puts for producing 

and (t). Theseinputs at time t 

are additive whether or not they are 
provided for capacity intended 
for When summed, 

they make up the sector's contribution 

to gross investment in t. This is des-

cribed in equation (9) where p, is the 

fixed production coefficient. 

In addition to capacity formation, 
capital formation takes place also in 
the form of inventory accumulation. 
Assuming that the latter is proportion
ate to changes in the levels of sectoral 
outputs, the demand for inventory in
crease, H(t) , is described by relation
ship (10), 

(10) s [ X ( t + l ) - X ( t ) ] = H ( t ) ; s/Sij/ 
s is a matrix of coefficients for inven
tory change and the other terms 
represent column vectors. 

Government demand for goods and 
services is exogenously stipulated for 
each sector. 

(11) G(t) = G(t) 
We also assume that exports are spe

cified exogenously, 

(12) E(t) = E(t) 

Foreign aid (including net longterm 
capital movements) is exogenous. The 
sum of exports and aid, expressed in 
constant domestic currency, cannot be 
exceeded by the imports of all sectors. 
This is shown by relationship (13). 

In a linear model such as that pre
sented here the solution would neces
sarily involve a movement toward spe
cialization in trade according to cost 
advantage. In our case specialization 
would manifest itself by allocating all 
foreign exchange resources so as either 
to preempt capacity increases or to re
place altogether domestic production in 
one or a few sectors.8 

This kind of specialization in a high
ly aggregated system would inject an 
extreme lack of realism against which 
we defend by imposing both import 
ceilings in all import sectors and im
port floors where such should be neces
sary. The latter consists of sectoral 
minimum import requirements that are 
non-competitive in the sense that they 
must be satisfied before other imports 
are allowed. The residual balance of 
foreign exchange is allocated accord
ing to cost advantage, i.e., competitively, 
to other sectors.9 But import ceilings 
are also imposed so that imports can
not completely displace domestic pro
duction in any one sector. 

Relationship (14) describes the divi 
sion of total imports into noncompeti
tive [M1 ( t ) ] and competitive imports 

[Mi2 ( t )] . These are obtained for each 
time period by summing over the sec
toral amounts. 

( 

The import floors, i.e., the levels of 
noncompetitive imports are determined 
for each sector in terms of given pro
portions mi1 of the sectoral domestic 
outputs. This is shown by (15). 

(15)  
Whatever foreign exchange is left 

over after satisfying noncompetitive 

import requirements can be distributed 
for competitive imports w i t h the l i m i 
tation that not more than a given pro- 
portion ma of the remaining foreign 

i 
exchange can be spent for imports in 
that sector. This is described under 
(16). m2 must be chosen so as to ex-

i i 
ceed unity; otherwise the maximizing 
mechanism has no freedom to allocate 
competitive imports according to cost 
advantage. 

We have now described those con
straints that relate to the intra-plan 
periods of the system; what remains to 
be discussed is how the ini t ia l and 
terminal conditions are set The ini t ia l 
conditions must summarise the produc
tive capacity of the economy at the 
start of the planning period. In other 
words, the capital stocks or capacities 
K ( l ) must be given. Furthermore, since 
capacity increases follow a lagged pat
tern of gestation we have to know 
what as yet incomplete projects from 
the pre-plan period are available for 
completion during the first years of the 
plan. Their completion may or may 
not be efficient—the decision on this is 
left to the optimizing mechanism. 
Whatever the case, to provide the basis 
for choice, we must specify I2(—1), I-
(0) and F(0) . Notice that capacity in 
creases maturing in the first period are 
not listed since they are already includ
ed in K ( l ) as active productive capa
city at the beginning of the Plan. The 
ini t ia l conditions in the form of column 
vectors are shown under (17). 

While the in i t ia l conditions reflect 
the state of the economy when the 
planning period begins, the terminal 
conditions summarise the state of the 
economy to be attained by the end of 
the planning period. The role of termi
nal conditions is to provide goals for 
the planning period which reflect post-
plan objectives. 

The choice of a planning period is 
essentially arbitrary and there is no 
economically natural way to truncate 
the time horizon of society. There are 
a variety of techniques which can be 
employed to bring post-plan objectives 
wi th in the purview of a truncated plan
ning period. The method we adopt here 
is a variation of that presented by 
Chakjravarty and Eckaus10 and R 
Stone.11 
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III mu anaiyvia we shall reduce the 
terminal capacity requirements from 
the needs of stipulated post-terminal 
rates of growth for consumption, gov
ernment expenditures anjj exports. In 
our subsequent computational experi
ments we shall, for comparison's sake, 
also consider "arbitrary" terminal con
ditions; i.e., terminal capacities which 
are not extracted from an explicit con
sideration of an infinite horizon but 
are set on the basis of some other, un
specified, principle.12 

In calculating the post terminal 
growth path for the different sectors 
of the economy we shall take as our 
base the level of composite consump
t ion attained in the last period of plan
ning as well as the given levels of gov
ernment purchases, exports and foreign 
exchange reserves (exports plus foreign 
aid) in the final period. Thus, because 
the last period consumption is an 
endogenously determined variable of 
the optimizing system, the post-termi
nal sectoral output levels required to 
sustain a given rate of post terminal 
consumption growth also become en
dogenously determined variables. 

The determination of the post-termi
nal sectoral output levels required to 
sustain a given rate of consumption 
growth is shown by relationships (18) 
and (19). Equation (18) is based on 
the distribution relationship (5) into 

the appropriate growth terms 
have been substituted. Equation (19) 
is the solution to equation (18), i.e., 
the sum of the • particular solutions cor
responding to the non-homogeneous 
elements of the post-terminal growth: 
consumption, government, exports and 
imports. 

The homogeneous elements in (18) 
relate to inter-industry flows and gross 
capital formation as wel l as to inven
tory requirements. They are the terms 
mult ipl ied by the b, d and s coeffici
ents. The non-homogenous elements 
are the terms indicating the growth of 
C, G, E and M, based on their abso
lute values attained in the last plan 
period and the exogenously stipulated 
growth rates denoted by r, g, e and f, 
respectively. 

Note that the b coefficients are aug
mented by a set of depreciation coeffi
cients denoted by the d-s. Though we 
treated depreciation during the plan 
period as an exogeneous magnitude, 
we have chosen to treat it as a homo
geneous element in the post-terminal 
extrapolation. Over an infinite horizon 
this seems to be more reasonable. 

The reason for having three rather 
than one set of b and d coefficients 
lies in the lag structure of capacity 
creation. In any given time period cur
rent outputs must be sacrificed in order 

to increase capacity and current out
put one, two and three time periods 
away according to the particular lagged 
investment requirements of each and 
every sector. Thus the b coefficients 
stand for matrices, the typical elements 
of which are defined under (20). 

P k and q k ere defined in connection 
w i th (8) and (9) and bj is the capital 
output ratio in the j - t h sector. Thus, 
the typical term bjj denotes the 
amount of current input needed from 
sector i for lagged capital formation 
in sector j in order to increase its out-
put by one unit k time periods hence. 
An expression exactly analogous to (20) 
could be wri t ten to explain the typical 
elements of the matrix d-j which re
presents the additional demand for 
current flows for replacing capital used 
up in the production process. 

As to consumption, we have already 
mentioned that the endogenously deter
mined level in the last planning period 
serves as the base for its post-terminal 
growth; hence, all the sectoral outputs 
required to sustain the rate of growth 
of consumption are also endogenously 
determined. For computational advant
age we choose to maintain an identical 
consumption composition throughout 
the post-terminal period by projecting 
the sectoral components of consump
tion of the last plan period wi th iden
tical rates. Thus, in this framework, as 
well as in our subsequent computa
tions, the consumption proportions of 
the terminal year are perpetuated post-
terminally. 

The extrapolation of imports is also 
based on a distribution that is endo
genously determined in the last plann
ing period. This is convenient because 
the post-terminal path itself has no 
bui l t - in optimizing mechanism for the 
determination of choice variables and 
the alternative procedure would be an 
arbitrary allocation of foreign exchange. 
Since imports as well as exports are 
projected at given growth rates over 
the entire post-terminal path, the post-
terminal levels of foreign aid (or net 
capital inflows) must be rcsidually de
termined if a balance of payments re
lationship is to be satisfied. Thus 
whether aid increases or decreases in 
the post-terminal period, depends on 
the absolute amount of the deficit in 
the terminal years as well as on the 
growth rates at which exports and im
ports are projected post-terminally. 
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Since exports ,and foreign aid are 
exogenously stated for the plan tin ig 
period itself, a stipulation of the post-
terminal growth rates of exports and 
imports is sufficient to know the post-
terminal requirement for aid. 

The remaining non-homogenous ele
ment is government demand which is 
also exogenously given, 

As mentioned earlier, (19) provides 
the sum of the particular solutions cor
responding to the non-homogenous 
elements discussed above. In other 
words, it expresses the post-terminal 
sectoral output levels required to sus
tain the stipulated rates of growth as 
a function of the non-homogenous com
ponents. From the indicated output 
levels the required terminal capacities 
can readily be calculated with the help 
of the sectoral capital output ratios. 
Again, because of the investment lag 
structure, the post-terminal output 
levels and capacity requirements must 
be determined for the first three post-
terminal lime periods. 

Solution of the System 

The statement of the terminal con
ditions completes the system. The so
lution is obtained if we maximize the 
objective function, i,e„ the present dis
counted value of the consumption 
stream over the plan period, subject to 
the constraints listed under (2) to (19). 
Given the parameters of the constraints, 
to each specified rate of discount [or 
corresponding set of W(t)] a different 
solution wi l l correspond. These solu
tions wi l l be at vertices of the feasible 
region or along an edge. Of course. 
a different feasible region corresponds 
to each selection of parameters of the 
constraints. Thus by varying the 
discount rate in combination with the 
parameters of the constraints we can 
derive al l portions of the social feasi
bi l i ty surface that we judge to be re
levant for economic planning. Of 
course, of the multifold infinity of 
possibilities, we are concerned with 
exploring only the consequences of 
those changes in parameters which 
are likely to be descriptive of changes 
in the real economy. 

The maximum solution must be ac
companied or sustained by a set of 
shadow prices which are the choice 
variables of the dual minimum pro-
blem. Since the sectoral capacities 
and the supply of foreign exchange 
are the only scarce resources in the 
system, the dual problem must con
sist of imputing such rents to the use 
of the latter which not only minimize 

the cost of production but also per
mit the exhaustion of the final pro
duct—consumption—by the factors 
used in its production. The shadow 
price of foreign exchange must always 
be positive since imports can always 
be used to increase the value of the 
maximand. The shadow prices or 
rents of capacities are positive or zero 
depending on whether the capacities 
of particular sectors are fully or only 
partially utilized. Because of arbi
trary ini t ia l conditions as well as 
other rigid elements such as the fixed 
production coefficients and fixed com
position of consumption, excess capa-
city can exist, particularly in the be
ginning periods. Though the rents cor
responding to these capacities w i l l be 
zero on such occasions, the respective 
outputs wi l l st i l l be positively priced 
as long as their production requires 
inputs of scarce commodities. If all 
sectors deliver intermediate goods to 
ail other sectors it follows that none 
of the outputs can have a zero shadow 
price even if all capacities but one 
were redundant. 

The shadow price of a given sector
al output in any one time period can
not be greater than the cost of pro
ducing a unit. Neither can the arbi
trarily stipulated weight or market 
price of the composite consumption 
good exceed the cost of those current 
outputs which are required to make 
up a market basket. In other words, 
Σi Ci Ui ( t ) W ( t ) where Ci is the 
proportion of the output of sector i 
needed to make up a unit of com
posite consumption good and Ui is 
the shadow price of the good- When 
the inequality holds, the cost of pul
ling together a market basket wi l l ex
ceed its current worth and production 
for consumption wi l l not take place. 
When, on the other hand, the equality 
holds, part of the sectoral outputs 
wi l l be used for providing consumer 
goods. Since the relationship between 
the W -s of adjacent time periods 
embodies the social discount factor, 
the shadow prices of the commodities 
are correspondingly also discounted 
over time. 

Though the shadow prices arc the 
analogues of competitive market 
prices, they cannot be adopted for the 
actual market implementation of a 
plan. They refer to broad aggregates 
rather than specific commodities; 
hence they can serve only as indicators 
of the relative scarcities of a compo
site output of each sector. The 
shadow price that corresponds to 

the balance of payment constraints is 
nothing but the shadow rate of foreign 
exchange. If the balance of payments 
constraint is expressed in domestic 
currency then it w i l l indicate what 
the current domestic value of a unit 
worth of foreign exchange rate should 
be in any one time period. 

The solution to the model generates 
a complete specification period-by-
period of the uses of resources for 
various types of production and the 
flows of goods to various uses al l of 
which are consistent w i t h the con
straints and optimize the objective 
function. We shall not in this paper 
emphasize the time paths of outputs 
and inputs generated by the model 
Rather we shall concentrate our at
tention on the terminal year output 
levels recognizing that they are sup
ported by a feasible set of resource 
allocations. 

I l l 
Description of the Data 

Our computational experiments are 
performed as if we were in the year 
1959-60 looking forward to 1960-61 
and the years beyond. The data we 
use are derived mostly from Indian 
sources, among which the studies of 
the PPD and ISG of the Planning 
Commission and the Indian Statistical 
Institute figure prominently. Without 
the information obtained from these 
studies the computational experiments 
could not have been undertaken. At 
the same time we should make it clear 
that the data taken from these sources 
may have been prepared with other 
ends in mind; in other words, they 
may not be the most suitable ones for 
utilisation in the context of our frame
work which in addition to the fiv^ 
plan years also embodies an infinite 
horizon. Furthermore, where necessary, 
we adjusted the data to fit our com
putational convenience. Thus, we 
alone are responsible for the manner 
in which the data obtained from these 
sources were used and applied. In 
addition, when direct information 
needed in our computations was not 
available, we used our own judgment 
in selecting magnitudes from whatever 
indirect sources were available to us* 

Since our purpose was a methodo
logical one and not the derivation of 
alternative blueprints for the con-
sideration of economic planners, we 
did not: engage in primary research on 
data. For the same reason, We w i l l 
not use this occasion to discuss our 
methods of data processing , in such 
detail as would be required if our 
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purpose were to establish the policy 
relevance of our numerical results. 

Technology 

(a) The fixed coefficient matrix of 
intermediate output requirements is 
shown in Table 1. It is based on the 
input-output table prepared by the 
I S I for the year 1959-60.13 The 
matrix we use is the aggregation of 
this table from the original thirty-one 
to eleven sectors. It is adjusted to 
show the sectoral use of the transport 
sector's intei.nediate outputs according 
to the breakdown of the input-output 
table prepared by the I S G. An addi
tional residential housing sector is 
created which is subtracted from the 
miscellaneous "others" sector. 

(b) Coefficient matrices of fixed 
capital formation are based on the 
estimates of capital coefficients pre
pared by Vinod Prakash of the I S I . 1 4 

The latter are aggregated into our 
eleven sector breakdown and adjusted 
to account for the housing sector. The 
aggregate coefficients are shown in 
Table 2. Because of the lagged invest
ment structure of our model, we break 
down the aggregate coefficients in such 
a way as to show the proportions of 
total investment requirements in each 
sector one, two and three time periods 
hence. Since information on the lag 
structure is not available, we arbitra
r i ly assume that the same lag pattern 
prevails in all sectors; i e, we assume 
that the contribution of the construc
tion sector to final capacity is deliver
ed in three equal instalments over 
three years and that the contribution 
of the equipment sector is delivered in 
two equal instalments during the last 
two years of gestation. The coefficients 
are shown in Tables 3 and 4. 

(c) Inventory coefficients, as shown 
in Table 5t were estimated on the 
basis of a table of coefficients prepared 
by A Chakravarty of the T S I . We 
also relied on A K Sen's study on 
working capital.18 

(d) Depreciation is assumed to be 
exogenously given for the period 
1960-61 and 19615-66. The estimates— 
which we assume to remain constant 
during the five years—are shown in 
Table 6. They are based on estimates 
of depreciation implied by whatever 
information on capital stocks and in
vestments we could obtain from the 
period preceding the First Five 
Year Flan. 

Depreciation during the post-ter
minal period is based on the assump
tion of five per cent annual decay in 
equipment and three per cent annual 
decay in building investment. 

Foreign Trade 

(a) The import coefficients are shown 
in Table 7. The noncompetitive im
ports are assumed to be in fixed 
proportion to sectoral domestic outputs. 
The coefficients are based on the I S G 
input-output table. The competitive 
import coefficients represent ceilings 
placed on the sectoral allocation of 
the balance of foreign exchange remain
ing after noncompetitive import 
requirements are satisfied. They are 
based on information obtained from 
the input-output tables of the I S G 
and I S I, and are fixed in such a way 
as to permit given degrees of freedom 
in the use of foreign exchange accord
ing to cost advantage, 

(b) Exports are assumed to be 
exogenous. The annual sectoral amounts 
are shown in Table R. They are based 

on the extrapolation* of the sectoral 
levels in the years preceding 19^0-61 
at constant average rates. 

(c) Total annual foreign exchange 
availability consists of the sum of the 
exogenously given total export, earn
ings and net foreign aid (or net long 
term capital inflow). The latter is 
assumed to stay constant at an annua! 
level of Rs 500 crores. 

Government 

Government expenditures as shown 
in Table 9 are assumed to be exo

genously given. They art extrapolated 
with modest growth rates from the 
sectoral breakdown provided by the 
I S I input-output table. 

Consumption 

The fixed proportions in which the 
sectoral outputs enter the composition 
of consumption are shown in Table 
10. For the purposes of our current 
computational experiments we have 
adopted the same identical set of pro
portions for all years from 1960*61 on 
to infinity. The proportions are based 
on the input-output table of the 
I S I . 

In i t ia l Capacities 
In i t ia l capacity estimates are based 

on the sectoral output levels in 1959-
60. These output levels were mult i 
plied by the fixed capital output ratios 
in order to obtain a measure of capi
tal capacities for that year. Then, with 
our estimates of depreciation and new 
capital formation, these capacities were 

1. Agriculture and Plantations 
2. Mining and Metals 
3. Equipment 
4. Chemicals and Fertiliser 
5. Cement, Glass and Wood 
6. Food and Clothing Manufactures 
7. Electrical Generation 
8. Transportation 
9. Construction 

10. Housing 
11. Services 

1.5 
2.15 
0.84 
0.70 
0.77 
0.60 
6.12 
1.84 
0.14 

10.00 
0.15 

Table 1 : Revised ISI Input-Output Coefficient Matrix 

Table 2 : Aggregate Capital Coefficient Matrix 
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augmented to derive the sectoral capa
cities available in 1960-61. The latter 
are shown in Table 11. 

Estimates of the growth of capital 
during 1960-61 to 1965-66 were pro
jected backward to derive the plausi
ble levels of sectoral investments in 
the years preceding 1960-61.16 The 
latter were needed not only for deriv
ing the ini t ial capital capacities as ex

plained above but also for estimating 
the upper l imits of feasible sectoral 
capital formation during the first two 
years of the plan period. These limits 
are determined-—in terms of our lag 
structure—by the investment activity 
that took place during the two years 
immediately preceding the plan. The 
limits on investment are also shown 
in Table 11, 

IV 
Analysis of Third Plan Targets 

Description of the Experiments 

In this part of the paper we shall 
combine the conceptual framework 
and the data described above to per
form certain computational experi
ments. One of the computations is 
designed to check the consistency of 

Table 3 : Proportions of Total Requirements for Investment in Each Sector Supplied by Each Sector at Period 
t to Mature in Periods t + 1 and t + 2 
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We can plan any system for you in a way that allows expansion at any time whether you order a large-capacity system 
or decide to manage with a small unit for the time being. 

Power stations, for example, must be designed so that their capacity can be increased at any time by the addition of a 
new unit. The capacity of the switching assembly of a telephone exchange must be sufficiently large for new trunks to 
be added as required. 

In other words, provision should always be made in advance for future growth. And this is exactly what we do. So onct 
you have decided in favour of a Siemens system, your capital investment will be safe. 

The Siemens Group — your experienced partner in all electrical engineering projects 

246 



T H E E C O N O M I C W E E K L Y A N N U A L N U M B E R FEBRUARY 1965 

the Th i rd Plan, while the other com
putation is an independent solution, 
which shows very explicitly the logical 
consequences of an endogenous deter
mination of terminal targets. It is, how
ever, not comparable w i th the Thi rd 
Plan, because like all actual plans the 
Th i rd Plan must also have been drawn 
up on the basis of several conflicting 
objectives. Our purpose being metho
dological, we propose in this computa
tion to ignore all but those objectives 
which are explicitly stated in our mo
del. We shall, however, return to a 

discussion of other objectives towards 
the end of this section, when the 
policy relevance of our computation 
w i l l be discussed. 

The computational experiments can 
be described as follows : First, we 
shall aggregate the terminal targets of 
the Thi rd Five Year Plan to conform 
wi th the above eleven sectors, deduce 
from them the implied terminal capa
city requirements and solve for the 
maximum level of the weighted sum of 
annual consumptions consistent wi th 
these targets. Second, we shall per-

Table 6: Depreciation Requirements Estimated for Each of the Years 
1961-65 

form a computational experiment in 
order to obtain a solution for which 
the terminal targets are endogenously 
determined on the basis of an ex
plicit post terminal extrapolation of 
the rate of growth of consumption and 
other major demand components—i e, 
wi th the help of equations (18) and 
(19)-—but where all other parameters 
are identical to ones employed in the 
Thi rd Plan computation. After solv
ing for the maximum attainable con
sumption of this model, we shall 
proceed to compare the results of the 
two experiments in the hope that they 
wi l l provide us wi th at least a qualita
tive insight into the effects of alter
native methods of target setting on 
the level of attainable consumption. 

At this point, however, a note of 
warning is necessary. The compari
sons between the results of the two 
computational experiments cannot be 
considered as comparisons of optima
l l y . In other words, should i t turn 
out that the value of the maximand is 
significantly greater in one experi
ment than in the other, we st i l l can
not say that the approach embodied 
in the former is "more optimal" than 
the other since the alternative termi
nal capacity targets may embody dif
ferent sets of social preferences. In
stead, what we can say is that we 
may have more consumption over the 
plan period, if the terminal targets 
are differently calculated from the as
sumed Third Plan targets. The numeri
cal value of the trade-off between con
sumption over the years of the plan 
and terminal capacities depends on 
specific sets of numbers and adaptive 
behaviours postulated in this model. 
As such, any particular numerical 
value of the trade-off is at best of 
limited interest, for the various 
reasons to be elaborated subsequently. 
However, from the methodological 

Table 8 : Export Levels Projected for the Thi rd Plan Period 

247 



ANNUAL NUMBER FEBRUARY 1965 T H E E C O N O M I C W E E K L Y 

point of view, the qualitative pattern 
of investment allocation indicated by 
our model is of greater importance 
because it brings out the logical im
plications of an endogenous selection of 
targets. Most importantly, the solu
tions which are obtained by an endo
genous determination of the terminal 
targets have the merit of making any 
and all assumptions concerning pre
sent and future technology, demand, 
and other variables and parameters 
completely explicit. This in turn may 
shed light on, or lead to the clarifica
t ion of, some of the implici t assump
tions underlying terminal conditions 
that are obtained by non-explicit me
thods. 

We now proceed to a description of 
the first computation which was per
formed wi th the Third Plan data. 

Because of the lack of specificity 
in the Thi rd Plan about relative social 
preferences and their relationships to 
target levels and to present and future 
consumption, a test of optimality can
not be devised. Even if such speci
ficity existed, it is not clear that cur
rent computational methods and sta
tistical facilities would be sufficient 
to perform a rigorous test. We can, 
however, make use of the framework 
presented above to derive the maxi
mum attainable sum of discounted 
consumption consistent wi th plan tar
gets as well as the implied annual 
levels of consumption, sectoral invest
ments, production levels and other 
activities. 

In order to economize on compula
tion we have aggregated targets of the 
Third Plan into eleven sectors.17 We 
have used these, as shown in the 
second column of Table 12, to replace 
relationships (18) and (19) of the 
framework presented in Section II as 
the terminal targets of the model. 

The weights used in the objective 
function correspond to ten per cent 
rate of discount. The minimum re
quired increase in aggregate consum-
tion, as indicated in relationship (3), 
was set at an annual 2.5 per cent in 
one experiment and 5 per cent in 
another.18 Finally the annual flow of 
foreign aid was set at 500 crores of 
rupees. 

The solution of the optimizing 
model wi th Third Plan targets inserted 
for terminal conditions was technically 
feasible. It indicates the annual levels 
of consumption and other activities 
consistent wi th the attainment of the 
targets. The undiscounted sum of 
aggregate consumption over the five 

year period turned out to be 64,826 
crores of rupees in the case of a 2,5 
per cent, and 64,330 crores of rupees 
in the case of a 5 per cent required 
minimum increase in consumption. In 
both of these cases, however, the an
nual rates of increase in aggregate 
consumption were held down to the 
minimum requirements. The compari
son of these two Third Plan experi
ments can be summed up by the fol
lowing figures: 

If the minimum required annual 

First year C 
Fifth year C (undiscounted) 
Realized annual rate of growth of C 
Total undiscounted C over five years 

These results indicate an import
ant point. They show that in a model 
such as ours, when all the relevant 
relationships are linear, when consum
ption is assumed to be of fixed com
position, and when the gestation 
period is assumed uniformly to be 
three years, the init ial year con
sumption is of strategic importance. 
In other words, there is a significant 
trade off between the ini t ia l level and 
the rate of growth of consumption. 

This is another way of stressing the 
role of austerity in the earlier years 
for the sake of future well-being. But 
note that austerity in the in i t ia l year 
would have resulted only in a re-phas
ing of total aggregate consumption 
and not in an increase in total aggre
gate consumption over the five years. 
In terms of annual per capita con
sumption the two consumption possi
bilities are quite different. A l l this as
sumes that the amount of foreign 

aid available is fixed at a uniform 
upper l imi t every year. Otherwise, the 
phasing of foreign aid may also be 
altered to cross over the hump that 
is implied in a development effort. In 
that case, the model may pass the lest 
of political feasibility. 

Thus, if the structure of the model 
is right, the numerical computation 
with the Third Plan terminal targets 
shows that their realization depended 
crucially on the ability of the econo-

Table 9 : Government Expenditures by Sector 

(Rs crores) 

248 



T H E E C O N O M I C W E E K L Y A N N U A L N U M B E R FEBRUARY 1965 

al year below that in the pre-plan 
year.19 

One cannot, however, use this as a 
satisfactory test of the plan as it 
worked in reality, inasmuch as 
the plan expectations w i th respect to 
agriculture, among other things, were 
nowhere near being realised. 

As stated above, in order to an
alyse the methodological implications 
of an endogenous selection of targets, 
we solved our model wi th the 
help of relationships (18) and (19). 
In this case the targets them
selves are determined accord-
i r g to the needs of exogenously 
specified post-plan growth rates of 
private and government consumption, 
exports and imports. These we 
have arbitrarily fixed at 5, 2.5, 4, and 
3 per cent respectively. The discount 
rates as well as other parameters were 
maintained at the same levels as in 
the previous experiments. 

The solution of this experiment, 
which we shall refer to as a model 
wi th endogenous targets, yielded 
a maximum undiscounted total con
sumption of 74,668 crores of rupees. 
This could be attained by annual i n 
crements frequently much larger than 
the stipulated 5 per cent required an
nual min imum increase in consumption 
levels. The results can be summarized 
as follows: 

M i n i m u m required annual 
growth of C 5.0% 

First year C 13,004 
Fifth year C (undiscounted) 17,273 
Realized average annual 

growth of C 6.6% 
Total undiscounted C over 

five years 74,668 

In this experiment the major cons
training sectors throughout the plan 
period are the consumer good rather 
than the capital good sectors. In fact, the 
much larger consumption potential of the 
model w i t h endogenous targets than of 
the model w i th Th i rd Plan targets can 
be explained exactly in these terms. 
Since the terminal conditions are set 
on the basis of the explicit considera
t ion of the future growth of different 
demands of which consumption forms 
an overwhelming part, the use and ad
justment of the capacity for current 
consumption can be brought into 
better harmony w i th the terminal 
capital requirements than was the case 
in our T h i r d Plan experiments. The 

contrast between the two alternative 

development are well illustrated by 
the figures of Table 12. Here we have 
placed side by side the consumption 
and total output levels in an eleven 
sector breakdown of the last year of 
the model wi th Thi rd Plan targets and 
the model wi th endogenous targets. 

The Need for Sensitivity Tests 

Changes in the assumptions under-
lying the two computational exercises 
result in corresponding changes in the 
value of the attainable levels of con
sumption during the plan as well as 
in changes in the sectoral allocations. 

The changes in tf\e assumptions may 
consist in varying the parameters 
wi th in the given srtucture of the model 
or in changing the structure itself. 
Sensitivity tests of parametric changes 
wi thin the context of a given model 
structure are useful to explore the 
properties of that given model and 
that economy to which the structural 
characteristics of the model can be 
ascribed. Sensitivity analysis w i th 
respect to structural changes explores 
the differences in the value of the maxi-
mand and in the patterns of allocation 
which result if alternative assumptions 
are made about the structure of the 

(Rs crores) 

Table 1 2 : Computational Exercise — Final Period Output and Consumption 
Levels 

(Rs Crores) 

Aggregated from source as cited in footnote 17. 
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economy or about the length of the 
time horizon over which maximization 
takes place. 

In the case of the computation of 
the model wi th endogenous targets, 
parametric or structural changes would 
also affect the composition of the 
terminal targets and the absolute levels 
of the post-terminal activities. Though 
we can infer the general direction of 
changes induced by altering specific 
assumptions, their significance can be 
determined only by subjecting our 
models to sensitivity tests. Some tests 
have been made and others are in pre
paration. For instance, our numerical 
results depend crucially on our as 
sumptions relating to the input-output 
coefficients and the capital coefficients 
for the agricultural sector. In their 
evaluation the assumed capital coeffi
cient in agriculture of 1.5 may be re
garded as an under-estimate. We have 
also experimented wi th a capital co
efficient of 2.5 for agriculture. The 
difference in the capital coefficient 
changes the total value of the maxi-
mand by about 10 per cent. Thus, the 
results are sensitive wi th respect to 
the change in the capital coefficient 
for agriculture. However, with con
stant technology, the allocation pat
tern of investment is not very signifi
cantly altered. Insofar as the input 
coefficients for agriculture embody 
only the currently existing set of tech
niques, which do not depend much 
on inputs such as fertilisers, we are 
under-estimating the relative import
ance of production increases and new 
investment in equipments and chemi
cals that go to produce items such as 
fertilisers. There are serious reasons 
to believe that in view of diminishing 
returns in agriculture, the agricultural 
output cannot be significantly increas
ed without introducing new techniques 
which wi l l require new industrial out
puts. 

Furthermore, our assumption of the 
gestation lag of three years is an over
estimate for certain types of agricul
tural projects, while equally clearly it 
is an under-estimate for major irriga
tion projects. 

If in addition a ceiling would be 
imposed on the potential post-terminal 
growth of the agricultural sector at a 
lower rate than the one projected for 
the growth of consumption, the effects 
on the composition of the targets and 
intra-plan allocations would clearly de
pend on how the conflict is resolved. 
We either have to discard the assump

tion of constant post-terminal composi

tion of consumption in favour of 
increased proportional consumption of 
industrial goods and/or we have to 
import agricultural products from 
abroad. The latter requires diversion 
of foreign exchange resources from 
other uses and may require increasing 
allocations to the domestic capital 
goods industries, relative to what the 
model with endogenous targets now 
indicates. 

Foreign Trade 

Another important area for sensiti
vity tests concerns the set of assump
tions we have made regarding the 
foreign trade sector. Our framework 
does not reflect long run comparative 
advantage; ie. relative changes in the 
foreign prices of goods produced 
abroad are not registered, exports are 
exogenously determined and the alloca
tion of imports is dominated by the 
ini t ial capacity distribution. Further
more, it is possible that the assump
tions concerning the long run rate of 
growth of foreign demand for Indian 
primary goods would have to be assess
ed more pessimistically than in our 
computation, which would then mot i 
vate a different export composition 
from ours. 

Anticipation of an abrupt decrease 
in the availability of foreign exchange 
would also motivate a reorientation of 
the allocations of the model wi th en
dogenous targets in the direction of the 
computation of the model wi th Thi rd 
Plan targets. Such a decrease might 
occur if foreign aid would be abruptly 
terminated or diminished during or soon 
after the plan. A sudden decrease in net 
aid due to a discontinuous rise in debt 
service would have the same effect. 
Our tests, however, do not indicate 
great sensitivity to changes in the 
level of aid. 

Another important area of sensitivity 
tests would originate from changes in 
our assumptions relating to the post-
terminal rate of increase of govern
ment demand for goods and services. 
A faster expansion of the govern
ment sector in connection wi th satisfy
ing a faster rate of growth in the de
mand for social services would in our 
computation affect primarily the con
struction and service sectors and their 
principal suppliers. Construction is, 
of course, a principal producer of 
capital. If some of the allocations 
would be dictated by certain not ex
plicitly stated mil i tary requirements, 
then the equipment and heavy indus
trial sectors would also be affected, 

In addition to these tests, we must 
also include an exploration of the 
model's sensitivity to changes in the 
length of the planning horizon. In 
fact, we propose to undertake such 
tests .elsewhere. That the results may 
indeed turn out to be very sensitive to 
a lengthening of the planning period — 
so as to cause very significant changes 
in the relative composition of the tar
gets — may be expected on general 
theoretical grounds as explored else
where in the literature.20 

However, taking the length of the 
planning horizon as fixed, the effect of 
changes in the numerical values of the 
parameters, provided these changes are 
not extreme, is not likely to lead to a 
total reversal of the qualitative pattern 
of investment within the particular 
structure of our model. On the other 
hand, the particular numerical values 
we have obtained are of l i t t le value, 
and ought to be taken as merely illus
trations. 

At this stage, attention should also 
be drawn to another numerical result 
of our computations which is very 
significant from the methodological 
point of view. It relates to the utiliza
tion of foreign exchange resources. It 
is customary to argue — and probably 
in the context of the actual pattern of 
resource utilization justifiably so — 
that in India the shadow rate of foreign 
exchange (in terms of rupees for one 
dollar) is above the constant official 
exchange rate. If this contention were 
reflected also by our framework, our 
normalized price system would indi 
cate a shadow rate whose undiscount-
ed numerical value is greater than one. 
But our computations indicate annual 
shadow rates that: are significantly be
low par; i e, the implication is that 
the constant rupee/dollar exchange 
rate represents an overvaluation of 
the dollar.-1 

This result is important because it 
underlines the implications of the 
structure of our model for allocational 
decisions. The dominant scarcities 
are determined by the in i t ia l distribu
tion of capital capacities both in the 
real world and in our model. But 
while in the real world the util ization 
of init ial capacities is determined part
ly by an imperfect market mechanism 
and partly by social-polttical-economic 
considerations ranging from balancing 
particular interests to maintaining 
employment, and protecting infant 
industries, in our model excess capa
cities can be created at the conveni
ence of our particular optimizing 
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mechanism. Thus, in the real world 
the relative demand for foreign ex-
change is vastly greater than in our 
model. 

Sensitivity tests which wou|d pro
vide floors for capacity utilization in 
each sector would undoubtedly cause 
a corresponding shift in the demand 
for foreign exchange which would 
ihen be reflected by a corresponding 
increase in the snaiiow rate of foreign 
exchange. BY gradually increasing 
liiese floors we may drive the shadow 
rate of foreign exchange way above 
unity. In other words, within the 
structure of our model, the skewness 
of the init ial distribution of capital is 

in the short run balanced by offsetting 
sectoral patterns of incomplete capa
city utilization in addition to foreign 
exchange allocations which are also 
dominated by the initial distribution 
of capital. If on the other hand, limits 
on the creation of excess capacity 
were imposed, the entire burden of 
balancing the skewness of ini t ial capa
city distribution in the shon run 
would fall on foreign exchange alloca
tions and the shadow rate of foreign 
exchange would increase, in the long 
run an optimal investment policy 
would gradually redress the balance 
which then would also reduce the 
relative scarcity of foreign exchange. 

Undoubtedly, our findings about the 
shadow rate of foreign exchange also 
provide important qualitative insights 
into policies concerning the allocation 
of resources. If, as is the case in our 
model, infant industry arguments and 
employment considerations, etc, are 
not at issue and existing capacity can 
be partially under-utilized without 
constraints, then foreign exchange 
(over and above that needed for non
competitive imports) is in no sense a 
strategic resource for growth. How
ever, from the policy point of view the 
qualifications must not be neglected, 
even though infant industry arguments 
are frequently misused or misinterpret
ed to justify uneconomic investments. 

The Policy Relevance of the Model 

In the light of all the above discus-
sion, we should consider whether our 
model can be used as a guide to policy 
making for a country such as India. 
We believe our approach to possess 
considerable methodological interest 
because it does help to draw out the 
logical implications of pursuing one 
particular goal of policy. But there 
are very serious reasons for believing 
that the model cannot be used to 
support any specific policy line which 

emphasizes consumer goods industries 
and depreciates the importance of de-
veloping capital goods industries and 
the production of intermediate raw 
materials. This is true first because 
in our model consumption is a com
posite good. Since agriculture 
is its most prominent component and 
if further development of agriculture 
depends on fertilisers and on otner 
industrial products, we must have con-
siderable investment in chemicals and 
machine producing sectors to maintain 
inter-industry balance, and to match 
expansion of capacity. Bui even apart 
from this, there are several very im
portant dimensions of policy making 
which we have not considered here. 

First of all, the conclusions drawn from 
a model such as ours, applied to an over-
populated economy like India with 
great unemployment, may be quite mis
leading it taken by themselves. Wiiat 
such models emphasise is trie choice 
problem between present and tut Lite 
consumption, but they do not pay any 
explicit attention to the rate at which 
the unemployed are drawn into produc
tive work, Even a consumption oriented 
approach which seeks to eliminate un
employment over a stipulated period 
of time, particularly when most of the 
extra productive employment wi l l have 
to be created outside agriculture, can 
very easily lead to a pronouncedly 
different allocation of investment from 
our model with endogenous targets. 
This is all the more true if in a world 
of rigidities the balance of payments 
situation is a serious one. For a fully 
employed economy, the choice problem 
is in many ways easier. But for an 
economy wi th a massive and growing 
volume of unemployment, the setting 
of the targets has to be modified in 
the interest of employment.1'-

Secondly, there are questions con 
nected with income distribution even 
among the employed, which we have 
not explicitly considered. In addition, 
there are various non-economic objec
tives which form a very legitimate 
part of government activity which any 
actual plan must take into account. 

In conclusion, while we believe thai 
the use of our approach for methodo 
logical purposes is important as it can 
help us to gain insights into very 
relevant planning problems, we do not 
think that our approach can be used 
at this stage to justify any specific 
strategy of development for India 
without introducing arguments or facts 
from outside the frame of reference 
of our model 

Notes 
1 The specification of a minimum 

level of consumption is a matter 
of social choice. But in manv 
practical planning situations, the 
minimum wil l be set by the level 
of consumption achieved prior to 
the beginning of a plan. 

- See tor instance, Dori'man, Sam-
nelson, Solow: "Linear Programm
ing and Economic Analysis". 

The model used in this study is 
a generalisation of the models pre
sented in R S Eckaus and J. Lefe-
her, "Capital Formation: A Theore
tical and Empirical Analysis", Re-
rii'w of Economics and Statistic.:, 
May 1962 and L Lefeber, "A Sim
ple Optimising Planning Model" in 
"Capital Formation and Economic 
Development". P N Rosenstein 
Rodan led), Cambridge, 1964, pp 
83 109. 

1 By assuming a constant discount 
rale we avoid the "regret prob
lem" of R Strotz analysed in 
"Myopia and Inconsistency in 
Dynamic U t i l i t y Maximisation", 
Review of Economic Studies, Vol 

23, No 3, 1956, pp 165-180. 

T Wetsskopf has actually incorpo
rated income elasticities of demand 
other than unity into the model 
by the use of consumption (unc
tions of the form 

This formulation of the commo
dity consumption function was used 
earlier by S Chakravarly in his 
"Logic of Investment Planning," 
North Holland Publishing Co, 
Amsterdam, 1959. 

Actually, in our subsequent nume
rical analysis we have not made 
use of such lower bounds. 

' One should keep in mind, of 
course, that the A matrix itself is 
a summary of production relation
ships. 

If some foreign exchange would be 
left over after the displacement of 
domestic production in one or more 

sectors, it would be allocated to an
other sector where, as a consequence, 
domestic production and imports 
would take place simultaneously. 
This, of course, would not contradict 
the contention that the system moves 
towards specialization; it means only 
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that the System, quite sensibly, would 
not throw away good foreign ex
change resources. 

9 Cost advantage in this model de
pends on the in i t ia l amounts and 
distribution of capital capacities as 
as well as on technology. However, 
the allocation of the foreign ex-
change resources may completely be 
dominated by the ini t ial conditions. 
Furthermore, changes in foreign 
prices are also neglected and exports 
are also exogenously stipulated. 

10 S Chakravarty and R S Eckaus, 
" A n Approach to a Multiseetoral 
Planning Model" , in "Capital For
mation and Economic Develop* 
ment", P N Rosenstein-Rodan (ed), 
Cambridge, 1964, pp 112-115 esp. 
General considerations involved in 
setting terminal conditions arc dis 
cussed in S Chakravarty and R S 
Eckaus, "Choice Elements in Inter
temporal Planning", ibid, pp 68-83. 

11 "A Computable Model of Economic-
Growth" , Cambridge, 1962. 

12 The specification of arbitrary termi
nal conditions is exactly analogous 
to the ini t ia l conditions. Because of 
the lag structure of investment, in 
addition to the capital capacities to 
be attained by the end of the last 
planning period, the capacities re 
quired in the second and third post 
terminal periods must also be 
listed. 

13 Perspective Planning Division, 
Planning Commission, "Notes on 
Perspective of Development, India: 
1960-61 to 1975-76", A p r i l 1964. 
pp 183-187. 

14 Vinod Prakash, "Fixed Capital 
Coefficients and Replacement Re
quirements", Indian Statistical 
Institute, Planning Uni t , 1964. 

1 5 "Working Capital in the Indian 
Economy: A Conceptual Frame 
work and Some Estimates", in 
"Pricing and Fiscal Policies: A 
Study in Method", P N Rosen
stein-Rodan (ed), Cambridge. 
1964, pp 125-146. 

I6 The estimates are based on the 
study of M R Saluja, "Methods 
and Sources for Output Levels, 
1960 61 and 1965-66", I S I, New 
Delhi, August 3, 1964, 

17 From the Third Five Year Plan 
itself it is difficult to construct a 
detailed yet comprehensive break
down of sectoral targets. W B 
Reddaway in his book, "The Deve
lopment of the Indian Economy1', 

London, 1962, provides a substan
tial amount of detail as does the 
publication of the Planning Com 
mission, "Selected Plan Statistics". 
A recent study by M R Saluja of 
the ISt, Delhi, "Method and So
urces for Output Levels, 1960-61 
and 1965-66**, is the source of the 
data used here. His estimates of 
the value of output for 1965-66 are 
designed to rcilect the expected 
rates of growth during the Th i rd 
Plan. Hence, they are not, strictly 
speaking, the targets of the Third 
Plan. The elevent sector aggrega 
l ion is based on his thir ty sectoral 
breakdown of the expected output 
levels at the end of the plan period. 

Since the Plan itself does not 
provide sectoral growth rates for 
the post-plan period, we have as 
sumed that the intra-plan sectoral 
growth, as given in the same study, 
would be carried into the future, 
beyond the plan. We needed this 
assumption to calculate the lagged 
investment requirements of the im
mediate post-plan years. In all 
other respects the computation of 
the Thi rd Plan model was under
taken wi th the data inputs describ
ed in Section I I I . 

For the purposes of this exercise 
we dropped condition (4). This 
permits the optimization process 
to lower the initial consumption in 
in order to meet the minimum 
consumption growth constraints of 
later years. The feasibility issue in 
this respect thus becomes one of 
political acceptability in the solu
tion. 

The structure of the model is a 
very rigid one, both on the side of 
consumption and technology. To 
the extent that the real world 
operates less rigidly the amount of 
reduction in consumption that is 
necessary in the first year is m i t i 
gated. 

S Chakravarty, "Optimal Savings 
with Finite Planning Horizon". 
International Economic Review. 
September 1962. 

T N Srinivasan has correctly indi
cated that the fixed composition 
of the consumption basket can 
act as a depressant of the shadow 
rate of foreign exchange, and 
that the fixed ceilings on sectoral 
competitive imports can operate in 
the same way. The general argu
ment is that constraints which 
interfere w i th the flexibility of the 
use of foreign exchange w i l l tend 

to reduce its shadow rate. Another 
example of such a constraint is the 
monotonicity requirement for con
sumption! which may discourage 
the use of foreign exchange for 
consumer good imports in any 
single time period but the last. 
In fact, there is a conflict be
tween policies oriented towards 
minimizing the time needed to 
attain full employment wi th so 
cially defined minimum real wages 
and maximizing consumption in 
any one year or during the plan 
period. The policies relating to 
minimizing the time needed to 
attain full employment are cur 
rently explored by L Lefeber and 
S Chakravarty in a forthcoming 
paper entitled "Wages, Employ 
ment and Growth", 

Planning in Europe 

THE idea of purposive govern* 
ment influence over the economy 

has now been widely accepted in the 
industrial countries of western Europe. 
Among them, France, the Nether
lands, Norway and Sweden have prac
tised long-term planning for some 
time; and, more recently* Belgium, 
Italy and the United Kingdom have 
joined those countries in adopting 
planning methods and/or machinery. 

Economic planning in market 
economies in the sixties has become 
increasingly desirable for the follow* 
ing reasons: an efficient use of scarce 
labour resources requires more care
ful management of the economy: in
flationary pressures arising from a 
scarce labour supply require that de
mand should be kept at the "r ight" 
level, not pressing too hard on avail
able resources, but being maintained 
at a sufficiently high and stable level 
for resources to be used efficiently 
and for business expectations to be 
kept buoyant; demand management 
along this "narrow path" requires the 
establishment of clearly conceived 
and stated priorities for the alloca
tion of resources between competing 
claims, in particular between private 
and public investment, and between 
private and social consumption; finally, 
the increasing interdependence of 
these economies reduces the scope for 
autonomous domestic policies and 
calls for an inter-national co-ordma 
tion of economic policies. This Ls 
more likely to be achieved if indivi
dual countries* longer-term policy 
objectives are mutually confronted. 

—"Economic Survey of Europe in 
1963/' United Nation*. 
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engineers to the nation 
More than 105 years ago a pioneer had 
sown the seed in India for a prosperous-
textile industry. That was James 
Greaves. He set out to do in Broach. 
and Bombay what his ancestors had-
done in Lancashire. He succeeded 
the hard way. 
Cotton traders... ginning factories .. 
the largest millowners in the world 
about 50 years age reporter of 
textile machinery and today. as 
manufacturers of textile machinery 
and mills stores, Greaves continue to 
serve our textile Industry, 
As engineers to the nation Greaves 
represent every facet of engineerings 
manufacture and distribution. 

ajanta GC/64-17 
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