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Introduction

The purpose of this note is threefold: (a) it seeks to formalize the wvarious
hypotheses of & systematic nsture in models such as have been previously used
in Indian dsvelopment planning. Similar planning models have bsen used in
cersvain other countries, e.g., ltalian ten-year development plsn and are used
at present by Messrs, Pant and Little in their respective memoranda concerning
the forthcoming Indian plan. In thus formalizing, it reveals the eassential
interconnections implicit in the planning calculations, e.g., the way in which
the various excgenous and endogenous variables hang together, once certain basic

parameter values have been assumed to be known,

(b) Having drawn up the formal schems or the °model’ if we prefer to use this
expression, several. numericai illustrations are presented in the fellowing orders
(1) The Pant-little case using their model structure and parameter valuess
(i) The modified Pant-Little case with a capital cosfficient equal to 33
(111) The same case with an inereased amount of forelgn aid; all the assumed
paramsters values being the same as in (ii).
These comparisons will serve the important purpose of highlighting the degres of

economic realism implicit in these numerical exercises,

(c) Once the implications of the 'model’ as it stands have besn sufficiently

worked oub, the natural thing to do would be to suggest some glmple extensions,

X

Numerical models as well as the question ef 'resource gsp'! relating to the
Third Five Yecar Plan are dissussed in the Faper $/59-20, Alternative Numerleal
todels of the Third Five Year Plan of India, by Profsseor P.N., losenstein-Hodan,
I am indebted to Profeszors P N, Rosenstein-Rodan snd R.S, Ecksus for valuable

suggestions,
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particularily when the original version is an overly simple one. We try to
indicate a few of the extensions that would make the *model’ a more realistie

one from the point of view of decision-maidng in the present Indian context.

Before taking up the various structursl equations constituting the type of ‘model’

generally involved in such plans, it may be useful to add some methouolosical

apservations concerning its pgeneral nature,

To start with, it should be borne in mind that the ‘model: ws are after is a
type of ‘decision model.’ This implies that it must necessarily have more
unknowns than equations, In other words, the system must possess certain ‘degrees
of freedom.* The reason for this is that a model which is completely ‘locked®
(s.g. one for which the number of equations is the same as that of mM)
cannot serve as a decision model, since it cannot discriminate between the results
of alternative policy constellations,192 The models implicit in the previous
Indian plane 22 well as the Pant-Little papers satisfies this criterion of having

some open ends and hence must he regarded as ‘decision models,?

In the usual literature on ‘decision models,? a distinction is normally drawm
between models having fixed targets and those having 'flexible targets.’® Iln the
fixed targets case, certain values are ascribed by the planners to the target
variables they have in mind, The optimization procedure is generally hidden
behind these specified target values. In the flexible targets case, however,
the optimization procedure is an integral part of the planning problem. The
problem is determinate only after the optimigzation procedure has been worked out.
In gineral the !flexible targets®’ problem is more difficult to work out than the
‘fixed targets’ problem and thus, in many pilanning situations o 'fixed targets’ are
chosen as best indicative of f.ho planners‘ preferences, The type of model we
shall be discussing here is one having ‘fixed targets.'

Irach policy constellation is defined by the way the degreazs of frsea-m are
filied up- 4

“Any "locked' model may be easily ?unlocked? by just dropping one equati-n.
Whether it is meaningful to do so depends on the economie nature of the model,
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Fuither, such ‘models’ are normally ‘linear.®' This implies that the relation-
ships indicate the constancy of marginal quantities like marginal savings rate;
etc,, while they may or may not imply constancy of the average quantities, This
is not a very restrictive assumption if one confines oneself to a limited period

of time, as is usually done in many of these plans.

Finally, although the model is concerned with a period of five years, the present

orisntation is towards results achieved over the whole period, rather than eny

year-to-year variation, Thus, even if it is possible, in principle; to cast the
model in terms of difference equations, it is more useful to present it in the
form of a set of algebraic equations in which only the initial and final vaiues
are related; No essential feature of the model would be lost in this form of

presentation,

We have the following variables:
() I 8 total investment
(2) S, & Savings in period 4°

(3) F s the amount of "net! foreign aid

(L) AY : the increase of income over the fivo-year peried

(5) L, 1 denmand for agricultural output

(6) AY )t increase in agricultural production

(7 T, ¢ total amount of tax revenue in year '%°

(8) Tt 8 part of téx revenue dependent on income or some component of income
(9) AYy, t non-agricultural production

(10) ¢, 3 consumption in period 4!

(11) E, s total government expenditure over the period

(12) D ¢ increase in government debt, tax rates remaining unchanged
(33) I, 5 d4nvestment in agriculture

5, s
(33) oC¢s the annual increment in savings

PO

investment in non-agriculture
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The following are the data of the system:

(a) P, : population in year t®

(b) E et ! govemment current expenditure in period ft?

(e) R, 3 operating surplus from public enterprises in period '%?
(@) T ;,’ : the part of tax revenue, which is roughly autonomous with

respect to income

The data of the system area those variables which are always determined from
outeide the model.

We have the following set of par;mtorss
(a) B s+ the global output«scapital ratio
(b) Ba : the output-capital ratio in agriculture
(e) p; ¢ the proportion of investment expenditure mxiex‘talmn by the government
(d))’lgfz’bﬁ% : the proportions in which exiating tax pevenue is earned from
- current consumption, current agricultural and non-agricultural

incomas

() % : the income elasticity of demand for agricultural production.

We have the following éet of equations:
(1) IazIt = 28, + F
(2) AY = g1
(3) s,_= S, ¢ g
T
W o) =B, B}
(5) &1, =B,
6) r, = Té o
(1) 1, d - c“ r(m I(A)’*'"
(8) zEy = ZEc,t -PPiI
(9)aD =2E, - (2T, ¢ ZR.)
(10) AY, +AYy, =AY
(1) I = IA > INA
(22) AC, = AS, =AY

)
(13) ADA =AY,
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Thus, we have 15 unknowns and 13 equations. Of these 13 equations, equations (1),
6), (9), (10), (11) are either definitional equations or balance equations, while

the remaining equations are composed of behaviour equations, technological equations,

pr institutional equations (e.g. tex equations). The above counting shows that

the system has two degrees of freedom. The values of any two variables may, there-
fore, be set arbitrarily from outside, and the remaining varlables will be determined
from within the system. This gives us a number of alternative policy constellations
from which a cheice may be made., In the Pant-Little case, these two open ends were
f£illed up by @ssuming I and T bto be given irom outside. Certain other possibilities

of filling up the open ends are discussed later towards the end of this section.

The follewing explenations may be offered regarding the structural equetions, although
a LQrge number of them are self-explanatory. Equation (1) states that total investment
over the whole period is equal to total domestic savings plus net foreign aid,
Equation (2) indicates the increase in national income over the whole ﬁvemyéér period
as cbtained from investment over the period multiplled by the incremental output-
capital ratio., Equation (3) 1s a more interesting one. It givee savings at time
"t! as & linearly increasing function of time 47, starting from a certain base pericd,
This is just the mathematical equivalent of the numerical projection made in the
Pant paper. Although 1t looks quite arbitrary in itself, taken together with other
equations; it defines although implicitly, how savings change with respect to change
in income, Thus, the marginal savings propensity is a derived figure, Equation (L)
indicates that demand for agricultural production is a function of the level of
pbpulat.ion as well as the per capita income, Thus, on the logarithmic axis, this
will read as follows:

ADg = AP ¢ A(E)

5, P TipT

In other words, relative increase in demand for agriculture is the sum of the relative

rate of increase in population plus the relative rate of increase in per capita

income multiplied by the incoms-elasticity of demand,



B
Interpretation of equation (5) is similar to equation (2), It may be regarded as
a supply equation for agriculture. Equation (6) states that total tax revenue is com~
posed of those taxes which show the same rate of: increase as income or some components
of income and those which remain roughly invariant with rospect to income. Notey, how=
ever, that this equation pr.supposes the existing taxes as well as the tax rates to

remain unchanged, Equation (7) may be more meaningfully stated in incremental fonné
BT oy AC A Yo A YA
+ 8, + ¥
T ©C ¢ Ty 0 Yy
In other words, the relative rate of incrcase in derived tax revenue is equal to

the weighted average of the rates at which consumption, agricultur&l income, and
non-agricultural income are increasing, the weights being the proportions in which
the existing derived tax revenue is earned from current consumption, current agrie-
cultural income, and current non-agricultural income. This'approximatesvveny closely
the arithmetical procedure used by Little in computing the amount of derived tax re-
venu®, although there is a slight discrepancy in as much as a few items of excise re-
venue are projected on a somewhat different assumption. Equation (8) describes total
government expenditure over the period as equal to the sum of current expenditure plus
the proportion of total investment expenditure that is to be undertaken b. the govern-
ment, f)i is naturally a policy parameter. The total increase in government debt is
by definition equal to the total expenditure minus total tax revenue and total amount
of operating surpluses of public enterprise. This expression has to be modified if
we assume that part of the deficits will be covered by introducing new texes and/or
increasing the rate. of existing taxes., This implies adding a separate equation to

indicate the tax revenues from new Sources,

The next three equations are clearly definitional equations in incremental form., The

final equation is an equilibrium relaticn that enables one to decide how total invest-
ment will have to be distributed between agriculture and non-agriculture; by equating
incremental demand to incremental supply. Since no systematic hypothesis is made con-
cerning the diétribution of non-agricultural investment within the different sub-sectors

constituting the non=agricultural sector, no additional equations are given.
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We shall take up the investment allevidtion problem once again, while discussing

the possibilities of extending the ahove decision model,

it has been remarked previously that we can arbitrarily choose any two of the
variables as exogenous and accordingly work out the values of the remaining
variables, We may choose among the following possibilities: These¢ are naturally
a sample of all the possibilities that exist:

(a) A Y given and R prescribed from outside, In this case, I will be
determined as a consequence and so also will be the marginal savings raie.

(b) A Y given, and the savings programme is prescribed, namely, X , the
required amount of foreign aild and the total amount of investment appears av
derived magnitudes,

(c) I and F are "given" from outside. In this case, the rate of growth
of income, etc., and the marginal savings ratio will be determined in consequence.
A few other examples could be given. But the above is sufficiently indicative
of what we may do by varying the model. In addition, parameter values may also

be assumed to be different from case to case,

L=t us take up the numerical illustrations of the above alsebralc setup.

The follewing situations will be considered:
(a) tihe Pant-little case

(i) Exogenous I = 10,000 crores
Variables: '
- F Ll 19000 "
(11) dinitial Y =12,500 "
valuess ° o
So = 1,050 "
(ii1) parameters
h = 75
ﬁ b oh5
fi L :}67
P4 = n567
7: e 0323
93 = 007



Derivations
I=38, +F
Zst = 9000
S. =S + e 9000
oL = 250
A S = 1250
aY = U5 x 10,000
= [;S00. This i@lias that the relative rate of growth of income

per annma is 6% and

gt?_,mgg < 268
It should be obvious from the calculations that AS = S® . Thus, it is

_ AY Bl
determined once«, B, and I are determined,

From the above it follows that &S, Y-S _ 3250
T v Tw; - i - 28

This implies that the relative rate of growth of consumption per annum ic 5%,

Since population is assumed to incregse at a rate of 2% per annum, per capita
national income increases at L% per annum, Increase in the demand for agricultural
production per annum is equal to 75 x .04 ¢+ .02 = ,05 or 5 per cent per annum,
Apricultural production thus rust increase by 5%8. This means an increase of

non=apricultural production by roughly 7%.

Relative increase in derived tax revenue is a weighted averago of the rates of
growth of consumption, agricultural output and non-agricultural output, With
the above values of the rates of growth and the given values of afl, rz, s

it works out at roughly 6 per cent per annum.

This together with the estimates of autonomous tax revenue gives nearly the
total of 6568 crores over the five-ysar periocd. There is, however, a slight
discrepancy in 2s much as Little projects a few of the inuirect taxes on bases
somewhat different from the abbveo The difference however iz negligible in

relation to the totals involved,



Putting }:Eﬁ = 15,700 crores and th > th. equal to nearly $000 crores, it
follows that the talance of Rs 6700 crores has to come from borrowing 3if no

new taxes arao introduced, or the existing tax rates are not incressed. Assuring
further tha! exteraal borrowing amounts to 1000 crores, we are left with the
remainder .ozii“‘ Ks 5700 crores, This total will presumably be distributed inte
three parts: additional taxes, borrowing, and the 'deficit financing® so called.,
Interesting wuestions arise in this connection &s to how beat to £ill thio gap

in the requiied smount of resources.

Since this problem is already considered in the peper on "Alternative Nuwerical

Fodels of th: Third Five Year Plan of India";ue do not discuss it here,

(b) For ths scond case, exogenous varisbles: the same as before
initivl valuess the asame
parazctor values: B = ,33,

all other paraméters ‘remain unchanged,

AY in this caue s equal to Rs 3,300 crores., This implies that national inecomo
grows at the »ote of L.8% per annum. Per capita x‘xatﬁonai inconme goes up at the

rate of 2.8% usr annum,

§- = % = Since 35, 000 crares as before, it follovs that o

L
is equal to ga 750 erores, Thus, AS = 1250 = .38 or 36% per annum,
aY 3300
Hemce, AC =. T =AS "« _3300-1250 =~ 2050 = 18%.
Y e TS0 LS50

This implies that consumption increases roughly at the rate of 3.5 per cent per

annum, Corsumptica per capita increases at the rate of 1.5% per annuz.

Relative increase in agricultural demand = 028 x .75 ¢ .02 = 041 or Lol per

cent per annum, Non-sgricultural output increases roughly at 5.5% psr anmum,



Relative increase in tax revenue in this case is equal to nearly L.1% per
annum, Total revenue over the whole period in this case amounts to roughly

6270 crores.

Thus, there is a decline in tax revenue by 300 crores., This is a small amount
compared with the total, but is significant as a proportion of the lncremental
tax revemie, which is only 700 crores on the present assumpilon as against the

Pant-Little assumption of 1000 crores.

The r@argmal‘ savings ratio implied in this programme is very high indeed and
raises questions of feasibility in view of the existing sectoral propensities
and the marginal income shares of the different sectors in the proposed invest-
mt'allocationo Tﬁie_poiht as well as the related quéstion of ‘resources gap®

js further elsborated in the paper of Prof, Rosenstein-Rodan quoted eariier,

Case lct
Exogenous Variabless Is= 109090
F= 2,50
Initial valuest unchanged
Parameter values: B = 033 The rest as in (a).
Derivationss

}:st' = 7500
Hence,X = 150

Bence AS . S5< . 750 . 23%
- AT T T 3300

National income in this case increases at the rate of L.8 per cent per annum a3

in case (b), Per cavita income accordingly increases at the rate of 2,8 per cent.

Relative rate of growth of consumption in this case is, however, higher than in
case (b) because A%., = 3300 - 750 is roughly 22%, This means that consumption
W . )

will incresse at the rate of L.1% per annum,
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Relative increase in demand for agricultural products is the same as in casa
(b) e.g., Lo1%, Tax revenus now increases at a relatively higher rate in as
much as the rate of growth of consumption is now higher, Tax revenue increasce
at the rate of L,5% per annum, This compares with the L,1% in the previcus

case.

Total tax revenuc now aggregates, over the whole period to roughly 6350 crores.
This means a slight improvement over the preceding situation. This present
calculation necessarily implies that no new taxes are introduced or tax rates

remain unchanged,

Case {c) appears to be somewhat more realistic in as much 28 the marginal
savings ratio is considerably lower and the burdsn of new taxes needed to balance

the government budget lower, -

IV, 1t appears that in the interest of more satisfactory decision-making the model
as discussed above should be in a somewhat more disaggregated form. Disaggrega-
tion should procesd further both on the ‘horigontal! as well as the "verticall levels
The "horizontal?! level here refers to the distribution of expenditure between
final consumer goods while the !vertical' relations are those involving input-

output. considerations,

It may be said that the model so far described deals entirely with relationships

on the horizontal level, But even there it is very far from being complete,

While the model indicates how an increment of per capita national income will

be distributed between food and non-food items, it does not say anything either

about the distribution within the different items belonging to this foecd eatecorw,
***** T or of those falling within the non-food category. Demand for consumer goods,

particularly textiles and housing services in the urban arca, are likely to

be the two most important categories on the level of final consumer demand.,

Insertion of corresponding equations would thus enable us to determine the ratios

in which investment should be allocated to these sectors,
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Allocating investment resources to sectors whose products are mostly used

for interindustrial purposes, namely, those sectors where circularity is apt
to be very important, requires information concerning the input-cutput
.rolations., Even for an underdeveloped country like India, a partial input-
output analysis may be extremely important, when investment is being channeled
into the steel-fuel-metal complex, Having estimated the sum total of incremental
demand for each of these sectors, the total being composed both of direct and
derived demands, we may be in & position to suggest how much should be allocated
to these sectors, This is all the more possible because the knowledge of
capltal-output ratios obtained from the data regarding more advanced countries
may be applicable here since the technological process would roughly be the

sans .

It may, however, be true that in the detailed preparation of the programs for
industrial development, these cross-effects have been taken into account, in
which input-output considerations are implicitly considered. In the present
model, this will be reflected in the value of the global capital-coefficient,
Even so, it may be better to put them more explicitly, so as to make for more

consistent allocation of investment betwsen the various industrial sector:.

No reference has been made in the above to the employment aspects of the
problem. Pant gives an estimate of the incremental employment effects of the
investment allocation scheme he suggests. These are essentially derived magni-
tudes. What is important is that a few of the allocation ratios may be so
chosen as to attain certain desired increases in jnzploymanto This is possible
because (a) the sectors aiffer with regard to their labor intensity; (b) and
secondly, within some sectors, laboi:' intensities of different processes may be
different. The employment aspect of the quastion was one of the main issues

of the second plan, It is still important and should not bs treated only as

a derived phenomenocn,



It should also be apparent from the model that_ the foreign trade éspects of

the problem are nowhere explicitly integrated with the other aspects of the
economy. As a matter of fact, the model so formulated shows clearly on:_ly the
inflow of capital that ie needed in order to finance the import surplus that

iz expected to arise over the plan, But how the import surplus is éxpected to
arise is mentioned only very briefly by the plan and this will undoubtedly

be the subject of an additionel study. Especially here the choice of investment
ratios is of importance in as much as the exporbcéxpanding or import saving
industries appear to be particularly important in the present Indian cntext,,

To sum up, if there are ‘n' sectors, then thers are (n=1) allocétion ratios
of investment which mey be used as (n-1) instruments, It follows from an
elementary principle cof eccnomic policy that we cen attain (n<l) ﬁargets with
the help of (n-1) instruments. The suggestions abovs are meinly intended to
show how “bhesé" (n-1) targets may be chosen by means of éxtending the scope of

the present model through incorporating a few new relationships,



