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A Critique of the Optimising Planning Model

The structure and results of the linear programming model of d.

T N Srinivasan

d by Sukh y Chakravarty

and Lowis Lefeber in the paper, “An Optimising Planning Model”, which appears in this issue, is ducus:z'd below.

An unwary reader of the paper may ignore the authors' explicit statements to the contrary and conclude
that the development strategy implied in the Third Plan is faulty and that an attempt to achicve the targets of out-

put given in the Plan will involve larger i

and less

than are provided for in it.

Following

from this it may also be believed that the model worked out by the authors will sustain larger consumption during
the Plan and beyond with less investment.

It is argued here that the results of the paper by Chakravarty and Lefeber have no such policy implications.

It is also argued that their Planning Model is not comparable to what they call the “Third Plun™*,

nor can it be

validly compared to the official Third Plan. This conclusion is bused on the fuct that the assumptions and objec-
tives used in their model do not correspond to those implicit in the Third Plun.

[*These comments are based on an earlier version of the paper in which the terms "Third Plan” and “Alter-

nate Plan”

were used instead of "Model with Third Plan Targeis” and “Model with Endogenous Targets”.

original terminology has been rerained here.]

M ETHODOLOGICALLY very little
is added by the model to the
exisling literature on planning techni-
ques. It is a standard linear program-
ming model, though unlike many of
currently available models it is of an
intertemporal rather  than a single
period kind, Also capacities in vari-
ous sectors to be atlained at the end
of the planning horizon are determin-
ed endogenously by an artifice instead
of by exogenous specification.! The
main contribution of the model is of
a quasi-methodological character viz
the demonstration that a model con-
laining a large number of constraints
and of a fairly complicated structure
1» computationally  feasible (proving
the existence of a computer program-
me that actually works) thus opening
the door for a number of useful ex-
periments with the model. These ex-
periments presumably will ultimately
result in a framework that will be use-
[ul in clarifying policy issues,

Assumptions of the Model

The assumptions of the model are
casily slated :

(0) The planning horizon is five
years;

(1) The production side of the eco-
nomy is desgribed by a eleven-sector
l.econtief type input-output model. The
input coeflicients of 1960-61, describ-
ing the “average” technology of that
year are assumed to prevail for the
indefinite future beyond 1960-61.

2) The only limitation other than
availability of current inputs on the
scale of output of a sector in any year
is the capital stock in existence in
that sector at the beginning of that
year.

(3) The relationshlp between capi-
1al stock and maximal output of a
seclor is through a  sectoral capital-

output rdtio fixed at the 1960-61 level
once and for all.

(4) Capital stock in any sector is
assumed to consist of two aggregates,
“construction”™  and “equipment”,
though each sector might bave differ-
ent ¢ ilion of the two
in its capital stock.

(5) There is a fixed time-lag 1n
creating capital stock that is indepen-
dent of the particular sector in which
it is created. For creating a unit of
capital stock in any sector that is to
be put to use four years from the
present, one third of “construction’
required must be put in place in each
of the three consecutive years start-
ing from the current year. Similarly,
half of the “equipment” required
needs to be installed in each of the
two conseculive years starting from
the year following the current year. In
the present version of the model, there
is no possibility of postponing part
of “construction" or "equipment” in-

stallation.  For inslance, if you have
done two thirds of “construction”
and half of “equipment” installation

as per schedule but fail to do the re-
maining the next year, you loose all
that you have put im,

(6} On the supply side, there are
domestic  production and imports.
Within the plan horizon imports into
any sector are of twa kinds. The first
kind is termed “non-competitive”, and
forms a proportion of the sector’s
domestic output. The second js term-
ed “competitive”. Its level is deter-
mined by the optimisation procedure
subject to the constraint that. each
sector does not spend more foreign
exchange on this kind of imports than
a specified- rtion of total foreign
exchange available after mecting the
cost of non.competitive imports for

The

all sectors. Beyond the five-year
planning horizon, imports are assum-
ed to grow at 3 per cenl per annum,
the sectoral composition being that of
the terminal year of the plan as de-
termined endogenously by the model.

(7) Ono the demand side, private
consumption is treated as a composite
commodity, a unit of which consists
of the outputs of eleven sectors in pro-
portions fixed for eternity at the 1960-
61 levels. Consumplion is postulaled to
grow at 5 per cent per annum beyond
the plan.

(8) Public consumption is again
assumed to have a fixed commodily
composition.  Beyond  the plan its

growih rate is assumed to be 2.5 per
cent per annum, with the same com-
modily composition.

(9) Exports again are exogenously
determined for the period of the plan
and are projected to grow at 4 per
cent per annum beyond the plan with
the same commodity composilion as
in the terminal year of the plan.

(10) Gross investment demand is
determined in part endogenously by
its relation to required capital stock
through capital coefficients, lag struc-
ture of investment and fixed commio-
dity composition of capital stock, and
in part exogenously through specified
replacement vectors.

(11) Inventory demand is related
through a matrix of coeflicients (fixed
once and for all) to changes in out-
put.

(12) The annual net foreign capi-
tal inflow during the five years of the
plan is assumed to be Rs 500 crores.
Given that exports and imports are
assumed to grow at 4 per cent and 3
per cent per annum, respectively, be-
yond the plan, net capital inflow for
this period is then determined by the
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difference between import dil
and export earnjngs.

The objective function of the model
or its maximand is the discounted
sum of aggregate consumplion within

the plan period. The of

plications of the A i

Time Horizon
The horizon of five years used in
the model has a number of implica-
vons. Given the three year lag struc-

the model in each year of the plan
are:

(a) Supply of cach seclor’s out-
put should be at least as much as de-
mand;

(b) gross domestic output of cach
sector does not exceed Lhe capacity
of that sector;

(¢} changes in capital stock are
related to invesiment expenditures in
the past through the lag relations and
replacement requircments;

(d) import surplus does not exceed
the specified net foreign capital in-
flow;

(e) consumption grows from year
1o year by as much as or more than
a specificd minimum growth rate;

(f) consumption in the first year
of the plan is at least as much as it
was in the year previous to the be-
ginning of the plan;

(g) capital stock in each sector at
the end of the plan is at least as much
as is needed (o susiain stipulatzd
growlh of private and public consump-
tion, exports and imports.

The numerical resulis reported in
the paper refer to  Itwo runs of the
model. The first run—called  “Third
Plan"—uses the framework described
above except that (i) lnstead of deriv-
ing terminal capacities (for use in con-
strainis (g) above) from specified posi-
plan growth rates of final demand,
the same are derived from official tar.
gets of gross vutput for the final year
of Third Plan. These targels are deriv-
ed by aggregation from the expected
rales of growth of oulput of various
commodities in (he official Third
Plan 1aking into account the revisions
of Mid-Term Appraisal. In order to
derive  relevant investment figures
through the lag  structure, intra-plan
growth rates are projected beyond the
plan, (ii) constraint (f) above on first
year  consumplion is dropped. The
second run—called “Alternate Plan="
uses the framework described above
with no changes. In both runs, the
discoent rate on consumption is 10
per cent per annum and minimal an-
nual growth rate in men-

ture in i assumed in the
model, it is obvious that the capacity
that can be added in each sector in
the first two years of the plan has an

native in using
more chemical  fectilizers  andfor
mdchinery and less land andfor labour
per unit of output will not change
this. For, as long as arable land and/
or labour do not enter as consiraints
(potentially binding in the fulure be-
yond il not within the plan horizon)
the oplimizing procedure will choose

upper bound d d by i
starts prior (o the plan. Similarly the
investment starts that are 1o be made
in the last three years of the plan
seflect the assumption about post-plan
growth. Thus the time path of the
model economy within the plan
period is  severcly constrained by
what came before and what comes
after the plan, In a way this is re-
flected in the fact that the optimal
time pawh is not very sensitive to a
change in discount rate on consump-
tion within the plan from 0 per cent
to as high as 20 per cent per anmomn
Lengthening of time horizon may de-
stray this insensitivity. It may happen
that for sufficiently  small discount
rates, it may be optimal to accumu-
late capital faster in the initial ycars
of the time-horizon than in the later
years. This will mean that basic in-
dustries that produce capiial and in-
termediate goods will receive more in-
vestment in initial years than previ-
ously, Thus if the horizon is extended
to 15 years, and if we name the in-
vestment- and outpuls in the first five
years of the horizon as the “Third
Plan™, it may happen that this new
third plan will place more emphasis

the prevaili h Obviously,
the fixed technology assumption has
been introduced as a compurationally
simple device. [t may be wortbwmle
doing another set of compulalions
using a different  input-output strug-
ture for the post-plan period at least,

The sectors of the model represent
considerable  amount of  aggregation
over commoditics. I{ the product-
mix of a sector is anticipaled 1o
change, cven if the technology were
to remain the same, the aggregate in.
put-outpul  relationship will change.
Tncre are a large number ol sectors,
where one can assert  that product-
mix changes are inevitable.

The above comments apply with
equal force to fixed capital coefficiers
as well. In  particular it is wishlul
whinking to assume  that agricukiural
capacity 10 output relationship cun be
described by means of a capital aut.
put ratio fixed or otherwise. The un.
certainties associaled with this secior
suggest that a far superior treaument
of it within 2 model will be to wreat
investment inputs into and ouiputs
from i1 as exogenous, Thus growih of
output of agriculture will be cxogen-
ous. Then the assumplion of fixed

on basic i in in-
vestmentl than a similar  plan il the
horizon had only been five years. For
a sufficiently high discount 1ate even
a lengthening of the horizon may not
alter the optimal juvestment pattern
in the intial years. One must do a
number of runs with varying discount
rates and lengths of horizon to ge( a
clearer picture of the behaviour of
the model.

The input coefficients reflect input
requirements per unit of output as of
1960-61. Using these in a model
whose time horizon  extends to in-
finity has a number of conscquences.
For instance in agriculture, the aver-
age input structure of 1960-61 reflects
the then prevalling agricullural prac-
{ ible inputs of chemical

tioned in constraint (e) above is 5
per cent per annum,  We shall come
back to a discussion of the numerical
results after making some general
comments on the structure and assum-
ptions of the model.
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fertilizers and machinery and a lot of
land, labour and cowdung, This natur-
ally results in a low demand for the
output of ‘chemicals’ sector and hence
low investment in that sector. How-
ever, merely introducing a sot of alter-

o
must be modified or the maximand
must be changed. For, otherwise (he
exogenous agricullural grawth rate wili
place an upper- bound on the growth
rate of consumption.

It must be mentioned here that
omission of labour as an input inio
production in a model which extends
theoretically upto inbinity does not
make sense. As long as lsbour enters
directly or indirectly as an input into the
production of each commodity the
long-run rate of growth of the ecuno-
my (with fixed techniques of produc-
tion, one or more per sector) cannnt
exceed Lhat of the labour force. The
specification  of  arbitrary  rates of
growth for consumption, exports, ci¢,
is meaningless in such a context,

¥ oae introduces (a) alicrmanive
techniques of production in each sector
with varying  capital  intensities, tb)
labour as a fuctor of production, iis
rate of growth (reated as cxogenons,
then the techniques associated with
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full employment of labour and maxi-
mum sustainable levél ol consumption
will almost surely be different from
the techniques prevaleat initiaily. It
may be that the planners do wish to
include, among others, an objective
of a sufficiently rapid approach to the
growth path yiclding the maximum

three-year lag assumed. The results
of e model are likely lo be very
sensitive to changes in length of lag.
As mentioned carlier, a three-year lag
in conjunction with a five.year hori-
zon severely constraints the choice
elements of the model. A lengthening
of the lag to 4 years with the same

level  of horizon will make it more severe.
Given that the initial picture is one Exports and lmports
of and X > The of a category of
ment, a move towards this path will imports called “non-compelitive” is
almost surely imply mave towards n.yiable jn a short run  mode! in
more capital intensive techniques. \po conce (hat it may be impossible

This move in conjunction with the aim
of import substitution in capital goods
may result in planning initially for a
rapid  increase in  capacity of in-
dustries producing capital and inter-
mediate goods. 1 shall return to this
point when we discuss the numerical
results.
Composition of Capital Stock

The assumption that capital stock
in any sector is a composite consist-
ing in fixed proportions the two ag-
gregales  “constraction” and “equip-
ment” is perhaps one of convenience
and can presumably be relaxed in a
more  disaggregated version of the
model. However, the assumption of
fixed lag structore in i that

to build domestic capacity to replace
imports within the horizon of the
model. In such a case one introduces
a foreign exchange row in the input-
output table showing the minimum
expenditure of foreign exchange need-
ed to produce a unity of oulput in
each sector. These are comparable 1o
the category of maintenance imporls.
In addition there will be “competitive
imports” which are essentally addi.
tions to domestic production. These
will enter as elements in each row of
the input-oulput lable. An optimizing
procedure will determine in which of
these sectors (or rows) there should be
import of this type. In this frame-

too independent of sectors, is not so
easily relaxed. There is a large element
of choice about gestation lags. For
instance, the same building may be
constructed in six months or years,
depending upon technique of construc-
tion used, Of course, there is 2 lime
sequence involved in the sense that
one cannot install equipment before
the building is ready etc. Once one
poses the problem of gestation lags as
one involving choice of techniques,
naturally the optimizing procedure
must choose Lhe appropriate lag. How-
ever, the fixed lag assumption enables
the authors to compute terminal capa-
cities on the basis of post-terminal
rates of growth of the elements of
final demand. 1f the lag structure is
itsell subject to choice, this computa-
tion becomes infeasible. Even il one
assumed a fixed but sectoratly differ.
ent lag structure, the model will re-
quire information relating to long
periods before the plan and solution
of difference equations of order equal
to maximum lag for the post plan
period. Thus if  agriculral capital
were to consist only of large Irriga-
tion- works and these 1ake 20 years 10
construct, we need (o know the lnvest-
ment starts in Irrigation for 20 years
before the plan!

There is no empirical evidence one
way or the other about the uniforro

work, ™ "
not enter the supply-demand balances
of each sector. They will enter only
the foreign exchange balance equa-
tion. However, in the Lefeber-Chakra.
varly model, the “non-competitive”
imports are treated as  additi ©

imports will’
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the same end will be to impose a cell-
ing on under-utilisation of capacity
in each sector. For instance, we may
say no more than 10 per cent of the
existing capacity can be left idle in
the equipment sector etc.

It must be remembered also that ex-
ports are reated 25 cxogenously given
for the plan period. In the post-plan
period the assumption is that ex.
ports and imporis grow at 4 per cent
and 3 per cent per annum, respective.
Iy, with the s3me commodily com-
position in cach case as in the lermi-
nal year of the plan. Since this com.
position for imports is largely detec-
mined on the basis of (2) the techno-
logy implied in the 1960-61 input-out-
put and capital coefficients and (b) the
initial capacities in various sectors, it
is obvious that no long run compara-
ive advaniage or costs enter into jls
determination.  The same argumént
applies to exports as well, since it is
quite likely that our comparative ad-
vanlage in future may not be I the
same commodilies that are being ex-
ported now. The planners do take a
view on long run comparative advant-
age and on the need for rapidly re.
ducing refiance on forcign assistance
in emphasizing the development of
basic capital and intermediate goods
industries, Even though exports are
assumed (0 grow faster than imports
ducing the post plan period of the
model thereby progressively reducing
foreign the di of

domeslic supply except that these
are rigidly related to domestic out-
put of each sector through a fixed pro-
portionality rvelationship. In a model
of this sort, there are only two pro-
cesses which supply each commodity—
one domestic process and a “competi-
tive import" activity, The structure
and maximand of the model being
linear, naturally the oplimising pro-
cedure will result in only one of these
processes being in use in all bul one
sector. That is, the model will suggest
complele  specialisation. This might
mean that existing domestic capacity
in some sectors may not be used at
all. This is not very meaninglul as a
practical  proposition, especially in
view of the enormous aggregation in.
volved in defining the sectors of the
model. To avoid this, Lefeber and
Chakravarty impose 2 ceiling on “com-
petitive imports” into each sector. This
ceiling says that at the most, a speci-
fied fraction of Lhe available forelgn
exchange (after meeting “non-compe.
titive"  imports) can be spent for
“compelitive” imports into a sector.
A perhaps superior. way of achieving

determination of their structure dis-
cussed earlier cannot reflect the above-
mentioned objective of planners. We
shall return to this when we discuss
the numerical results.

Final Demand

The assumption of fixed commodity
composition of consumption has vary
little meaning in a long-run  modet
which (ries to bring to bear on the
plan the influence of the indefinite
future beyond the plan. This means
that the fact that income-elasticities
differ from commodity to commo-
dity is ignored. If it happens, since
the initial composition of consumption
is heavily weighted in terms of the
output of 8 few sectors, maximization
of consumption, ceteris paribus, will
naturally result in an investment pat-
tern thal will put a lot of Investible
resources in developing capacity in
these few sectors. We shall return to
this aspect when we discuss the nume-
tical results, Another unforlunate
consequence of this assumption comes
1a light if the terminal conditions
are not related to future consumption

257



THE ECONOMIC WEEKLY

growth but to targels of output for
various sectors with a structure radi-
cally diferent from that of consump-
tion. If the initial capacities are more
in line with that of the consumplivn
structure, maximization of consump-
ton in this case will result in excess
capacity in those seciors whose ont-
puls have large weights in consump-
tion. This fact again will be illustrat.
ed in our discussion of numerical re-
sults,

The commodity compositon of
public consumption is also fixed in the
model once and for all, the post-plan
growth rate for this item being 2.5
per cent per annum. Some of the
arguments of the previous paragraph
apply here too, Further, as the gov-
ernment umes grealer and greater
responsibililies over time in the pro-
vision of services like health, educa-
lion and social welfare, it is clear that
some shift in consumption from pri-
vate to public sectors will 1ake place
at Jeast in these sectors. The demand
for these services is closely correlated
with size and age composition of the
population and the desired level of
consumption to be provided by the
government and one can not project
this demand into future at arbitrary
rates of growth. Other items in public
consumption like administrative servi-
ces ctc may be related 1o growth in
income.

Gross fixed investment and inven-
tory demand are endogenously derived.
The implications of the i
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Table 1 : Groms Output snd Comsumgption Levels fn 1965-66
(Rs Crores)

Output Consumption
Sector Third  Alternate Third Alternate
Plan Plan Plan Plan

1. Agriculture and plantation 8958 10412 5892 7476
2. Mining and Metals 1215 553 7 8
3. Equipment Manufacturing 1969 670 200 254
4. Chemicals 1078 830 73] M
5. Cement, Glass and Wood

Products 712 498 - -~
6. Food and Textiles 2749 3132 1917 243
7. Electricity Generation and

Transmission 161 131 12 15
8. Transportation 1159 984 200 59
9. Construction 2816 1973 — —_
10. Housing 614 79 614 2]
11, Services 5872 6754 4148 5643

Total 27303 26716 13613 17m

Table 2: Gross Fixed Investmem Expenditures and Change in Capital Stack
Doring J961-62 10 1965-66
(Rs Croreg)

of fixed cocfficients, lag structure, ete,
discussed carlier are relevant for these
as well

Numerical Results of the Model

We mentioned in the introduction
that the authors  report resulls from
Iwo runs  with the model—a "Third
Plan” run and an  “Allernate Plan™
run. Tt may be recalled that the
“Third Plan” run uses targets and
inlra-plan growth rates implicit in the
official Third Plan and its Mid-Term
Appraisal to derive lerminal capacities
for use in the model. The “Alernate
Plan™ refers 1o a run  with terminal
capacities  endogenously  derived by
the framework described earlier. Somis
readers of the paper, may incautiously’
make two sets of comparisons—a first
set consisting of a i ol

re-
sulls of the two runs of the model and
the second consisting of a comparison
of results of the “Third Plan” run of
the model with magnitudes stated in
the ofbieial Third Pian document.

We must stote categorically that
258

Gross Fixed Change in
lavesiment Capital Stock

Seclor Third Alternate Third Alternate

Plan Plan Plan Plan

1. Agriculture and Plantation 4159 5905 2955 4534

2. Mining and Meals 2819 250 2256 03

3. Equipment Manufacturing 1211 53 on —Il

4. Chemicals . 1281 154 1023 120
S. Cement, Glass and Wood

Producis 264 53 216 14

6. Food and Texliles 708 625 502 436
7. Electricity Generation and

issit 1795 130 1420 it

8. Transportation 1208 588 W9 B4

9. Construction 153 46 139 b

10. Housing 1881 2751 1415 2176

11, Services 627 52 483 s

Total 16106 10857 12321 8010

Table 3 : Compositlon of Imports During 1961-62 to 1965-66
{Rs Crurea)
Alternate  Plan
Sector Third Plan Final

Total year Total

1. Agricalture and Plantation nsy 360 [}

2. Mining and Metals 1060 208 8IS

3. Equipment manufacturing 2268 381 1766

4. Chemicals 1379 297 Wy

S. Cement,Glass and Wood Products 58 2 6

6. Food and Textiles 64 18 9
7. i ion and

Transmission ol - -

8. Transportation - —_ -

9. Construction - - -

10. Housing —_ —_ -

1. Services 27 - H

Total 6045 1266 6045
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acither set of comparisons is vahd
and no policy conclusions can be
drawn [from such ivvalid comparisons.
The first set—wc may call it ‘optima-
lity comparisons’—is invalid because
the targets of official Third Plan are
based implicitly or explicitly on (a) so-
cial objectives, views regardiog pat-
terns of consumption, future techno-
logical relationships, long-run compa-
ralive advantage in foreign trade, cte,
that are different from those explicitly
used in the model, (b) a more realistic
appraisal of the possibilities of growth
in agriculture, and (c) the political
necessity of rapidly reducing  the
quantum of foreign assistance needed.
Because of these differences, the fact
that the “Alternate Plan" yields more
consumption during the plan period
does not imply that the strategy and
hence the targets of the official Third
Plan are meaningless.

The second set of comparisons—we
may call it ‘consistency comparisons’
for such a comparison, if valid, will

mean testiog internal consistency of
the cfﬁcial*d Plan—is invalid be-

structure

of  investment, fixed
pattern of for
ever, ceilings on competitive imports,
etc, have no cxact couoterparls in the
official plan. There is also the some-
what less coosequential fact that the
targets used In the “Third Plan” run
of the model involve some manipula-
tions and extensions of official targets
to fit to the particular framework of
the model. Hence some of the results
of the "Third Plan" run of the model
such as Gross National Product, Gross
Tovestment, Gross Domestic Ratio, etc,
should not be with their

ANNUAL NUMBER FEBRUARY 1965

we note that “Third Plan” run yields
larges gross outpuls for sectors produc-
ing capital and intermediate goods such
as ores, metals, equipment, chemicals,
electricity, transport and construction
than the “Alternate Plan.” This is
to be expected slnce official Third
Plan targets for these sectors implied
rapid growth over the plan and these
have been used for the model. Be-
sides the structure of consumption,
exports, etc, used in the model are

heavily weighted by agriculiure and
such other sectors the prevailing
hni of of which do

corresponding values implied in the
official Third Plan.

Having stated that the resuits of the
model have no valid policy implications
we could have ended this paper. Never-
theless we shall discuss here some of
the numerical results? with some com-
ments, mainly 10 indicate the difler-
ences between the two plans and 10
illustrate the implicati of some of

not require very much by the way of
inputs form the above-mentioned scc-
tors producing basic goods. Also
there are no explicit constraints in the
model requiring that foreign assistance
be reduced 1o some specified level by
a specified time.  An extrapolation of
the results of the model suggests that
M everything  goes according to the
ions of the “Alternate Plan™ it

the differences in objectives (implicit
or explicit) underlying them.

Tables 1-8 give the numerical values

will take 52 years {rom 1965-66 for
India to reduce the trade deficit to
zero.

cause  som crucial  assumptions of some imporiant variables of the Lower gross outputs in “Third Plan"
of the model such as lag two runs of the model. From Table 1 for sectors producing consumer goods
Table 4 (a): Some Macro Economic Magaitudes — Third Plan
Items 61-62 62-63 63-64 64-65 65-66
1. Coosumption (Rs crores) 12333 12641 12957 13281 13613
2. Government Expenditure " 541 561 582 602 622
3. Gross Fixed Investment “ 2345 2679 2816 3736 4530
4. Change in Stocks H 229 236 517 637 1023
5. Foreign Trade Deficit ” —500 —500 —500 —500 500
6. Gross National Product (GNP) , 14948 15617 16372 17756 19288
7. Gross Domestic Saving » 2074 2415 2833 3873 5053
8. Gross Domestic Saving /GNP (%) 139 155 1.3 218 262
9. Total Gross Investment (Rs crores) 2574 215 3333 4373 5553
10. Total Gross Investment/GNP(%) 17.2 18.7 204 26 288
11, Gross Fixed Investment/GNP (%) 157 172 17.2 210 235
12. Growth of GNP over Previous Year (%) - 45 48 85 86
13. Growth of Consumption over Previous Year (%) — 25 25 30 25
Table 4 (b): Some Macro Economic Magnitudes — Alternate Plan
Item 61-62 62-63 63-64 64-65 65-66
1. Consumption (Rs crores) 13005 13883 14603 15904 17273
2. Government Expenditure " 541 561 582 602 622
3. Gross Fixed Investment » 2090 217 259 2257 2234
4, Change in Stocks " 248 297 49 398 329
5. Foreign Trade Deficit N —500 —500 —500 —500 —500
& Gross National Product (GNP) " 15384 15858 17293 18661 19358
7. Gross Domestic Saving " 1838 1914 2108 2155 2063
8. Gross Domestic Saving/GNP (%) 1L9 121 122 ns 107
9. Total Gross Investment {Rs crores) 2338 2414 2608 2655 2563
10. Total Gross lnvestment/GNP (%) 152 15.2 15.1 "2 132
11. Gross Fixed Investment/GNP (%) 136 133 125 21 ns
12, Growth of GNP over Previous Year (%) — 3 9.0 79 37
13, Growth- of Consumpilon over
Previous Year (%) - 68 52 89 &6

%1
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are agaln not surprlslng. For, the only
constraints on the expansion of out-
put are capacity and forelgn exchange.
A unit of consumption requires 0.43
unlts of output of “agrlculture”, (see
table 7), 0.33 units of “services” and
0.4 urits of food and clothing. This,
combioed with the naive assumption
that expansion of agricultural output
is related to investment through a fix-
ed capital ocutput ratio of 1.50 and
the fact that “'services™ and “food
and clothing” have very low capital
output ratios result in larger consump-

idle capaclty figures of Table 6. It
shows that In all the five yjars of the
plan, the "Third Plan" run.shows ex-
cess copaclty n three or more of con-
sumption  sectors like  Agriculture,
Food and Textiles, Housing, -and Servi.
ces.  We shall discuss later in detail
the idle capacity figures of Table 6.

Table 2 glves gross investment ex-
penditures and change Ja capital stock
during the Bve years of the plan for
the two runs. The Jatter figures are less
than the former both because they are
net of replacement and because part
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ment and negliglble increase in basic
sectors like Mining and Metals, Chemi.
cals, Electricity generation and trans-
misslon, etc. The “Third Plan" run
places roughly 26 per cent of total
investment ia Agriculture, 12 per cent
in Housing and 4 per cent in Food and
Textiles. It also expands capacity
substantially in basic industries, reflect.
ing implicitly objectives such as -
port substtution in  basic  goods
dlctated by considerations of long run
comparative advantage, and a rapid
approach towards an economy of full

tion and lower for the
“Alternate  Plan”. The fixed commo-
dity composition of consumption con-
tributes to the difference in another
way also. This results in the following
rather peculiar result: even if all
sectors ibuting to

of i In the last

with of pro-

three years of the plan relate to capa-
city to be realised aftec the plan. The
differences In the two plans with
respect (o investment are also not at
all surprising In view of the various

in  objecti ete, which

but one were to have either excess
capacity or possibility of competitive
imports, and that one sector has reach-
ed the ceiling with respect to botti
capacity utilisation and competitive
tmports, there is no possibility of in-

we have already discussed. Thus the
“Alternate Plan" puts roughly 54 per
cent ol total gross investment in Agri-
culture, with 25 per cent going to
Housing and § per cent going to Food
and Textiles manufacturing It {n-

duction appropriate to leng run growth,
At the risk of repetition, we must
mention that the “Third Plan” run*
here is not comparable to the official
plan. The large gross investment
figure of roughly Rs 16,200 crores
given in Table 2 for the "Third Plan”
may be in part due to the procedure
of extrapolation of offictal intra-plan
growth rates adopted by the authors
to derive investment starts that have
to be made during the plan for capa-

creasing total consumption, This fact volves also an actual decrease in capa- city to be realised ia immediate
comes out clearly when we look at the city of the sector manufacturing equlp- post-plan years, Thu: he pre-plan
Table 5 (a) : Gross Fixed Investment Expenditures — Third Plen

(Rs Crores)
Sector 61-62 62-63 63-64 64-65 65-66 Total
1. Agriculture and Plaatation 749 812 735 1038 825 4159
2. Mining and Metals 366 540 560 481 872 2819
3. Equpment Manufacturing 35 367 300 [} 240 1211
4. Chemicals 91 7 163 386 563 1281
5. Cement, Glass and Wood Products 58 59 13 35 [} 264
6. Food and Textiles 1us 33 47 208 282 708

7. Electricity Generation and
Transmission u3 66 P21 574 81l 1795
8. Transportation 154 119 244 139 332 1208
9. Construction 42 57, 0 2 12 153
10. Housing U7 st 0 408 275 1881
11, Services 72 37 a8 186 4 627
Total 2345 w79 2816 3736 4530 16106
Table 5 (b) : Gross Fixed Investmeat Expenditures — Alternate Plaa

(Rs Crores}
Sector 61-62 6263 63-64 64-65 65-66 Total
1. Agriculture and Plantation 1144 1253 1271 1157 1080 5905
2. Mining and Metals 12 4§ 87 101 250
3. Equipment Manufactwring —_ —_ 2 14 37 53
4. Chemicals 17 10 2 50 45 154
5. Cement, Glassand Wood Products L] 1 § 15 23 53
6. Food and Textiles 136 100 102 148 13y 615

7. Electricity Generation and

Transmisslon 17 n 35 58 .58 180
8. Transportation 236 116 -— ” 157 588
9. Construction 24 ] — 2 12 4
10. Houslng 477 S84 3 567 510 751
13, Services 27 A 52 80 72 182
Total 2090 nr ass 057 uu 10857
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apacity was low ia & mctor and 2
npd growth was plansed for it i
the oficial documesws, the same high
e s extrapolaled whether the
planoers dd Aeve such growth ia
mind for the future of oot. This may
be especially true 12 some Invesument
and imtermediaie gosds sectors Tables
a) and b) pve your by year deissls
of e goms daed nvesment expends-
ture foc the plan as 3 whole pves in
Table 2.

Table ) gives U commodity com-
position of umporms for the two rune
of the model Since exogenous export
earnings and loreign asas@aoce were
the same for both runs, lhe Ggure for
tolal unports is the same. Agan, the
“Aheroate Plan” involves larger um-
port of Agnculturat  Products, and
Food and Textiles. Abo, 10 relation
0 a unaller totsl of gross wnvesument
the imports of metals, equipmeat,
chemucals, ete, are larger than in the
“Turd Plan”. This again s not at
all surprising, given that future coo-
umption the “Alternate Plan” 1s
nmnﬂn* 5 per cent growih rate
with hxed Womumodity pattern of the
type discussed already. This resulsain
oot much capacity being built during
the plan 1o the basic goods sectors
and whatever is needed of these goods
is imported.

Table 3 also polots to
other unfortunata fezturs of

one
the

model. The ‘Alternats Plas' pro-
jects tmports 1nto the [viure &t 3 per
cenl per anhug  with the commodiiy
composiion &5 that  of tnal year of
pao.  Thus substantisd volume of sup-
ples frum unporns are made available
in basc gouds sectors.  Tan bluota
the need for mpon subsuiuticn
through a build-up of capacily 1n these
wctors. The “Third  Man” run does
Bot fequure such a0 extrapolzuon of
importa

Tables 43) and 4 (b) give some
MACTUo-e000ONUC  magniludes  asguCial-
ed with the two  runs. The “Thurd
Plan” rus wmphes lower gross oation-
al product and consumption and larger
iavestment  than 1o the “Alternate
Plan”, though GNP 13 almost the
same in the 1wo rums for the fnal
year. The “Thud Plan” involves a
gradual step-up over the plan 1o do-
mestic savings aod  RIOSs Investment
as proporuons of GNP while the
“Alternate Plan” ipvolves a dechne!
Agaun, high values of the savings or
investmest ratws of the “Third Plan”
run should not be compared with the
corresponding magnutudes 1n the offictal
Plan, In fact. i the commodity vom-
position of comsumption were flexible
the result may have been greater
consumption with very bittle change in
investment thereby increasng GNP
and reducing the saving rauo,

Annual investment expenditures for
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Ibs iwo runs reported in Tables ${a)
and 5ib) seed Do comments in addl-
tion to those made when discussing
Table 2.

Table 6 pves lhe story of excess
capacily 1n vanious sectors, Both runs
involve cxcess capacily in a large num-
ber of sectors in the fng three yean
of the plan Thus 15 because of the Rx.
ol lig stucture of 1avaatment asum:
ed 1o the model As we mentioned in
the ntroductuon, the change n cape-
aty dunng the hret three years of the
plan 1 preity much deaded by im-
wil capacity and what 1avestment
slarts* were made phor (o the plan
Because of the assumpuon that invest-
menl once started, has 1o adhere ngd-
ly 10 the lag structure if one u not
1o loose what was already put 30, 1n
Ihe 1nmitial yean investment was made
w complete investment aarted earlicr,
The capsary thus  added 13 not for
unmediate use but for use duning the
hnal years of the plan and beyond
This results abo 10 2 bunching ul
capacities becoming available yielding
wildly Buctuating idle capacity ratis
2s vne nonces from table 6. Sume of
the excess apaciies  gel  corrected
dunng the hnal year of the plan.
Those that still remain are indicative
of the nature of the two runs. Thus
the “Third Plan” run ends up with
excess capacity in Agrivuliure, Hous-
ing and Services while the “Alternate

Table 6 : Ldle Capacity 0 Per Cent of Total Capecity

1961.62 196263 1963-64 196465 1963-66
s 2 v » s
Sector ) c
13 I 1 T H fa i 88 v i3
5 a = 5 E 5 H
= 2 £ < g 2 3 2 £ 2
10) [t} @ 0] (U] (§3} ()] Y] » 9 110
1 Agriculture and
Planation 3.3 - (2] - 107 - 4“4 - (%) -
2 Mining aod
Metals — 125 0 103 - 3 19.0 - - —_
)} Equipment
Manufacturing - 340 - 449 143 4.5 251 pix} - 140
4 Chemicals 130 153 piR) 164 70 104 Ul - - —_
5 Cement, Glass and
Wood Products 104 10.% 113 54 L L) as 94 - — -—
é Food and
Textiles 107 (V] 142 “ 155 9 94 - - p—
7 Elecuicity Gene-
nion and Trans
mission 1.6 126 136 141 U3 83 - - —
8 Transportation [ 8] 9.4 126 15.0 6.6 16 - 9.5 - —
9 Construcdon —_ - 2 —_ 36 - a3 04 - 10
10 Housing 73 FA) 94 0.7 116 04 117 —_ 18) -
11 Services 193 166 s 157 246 9.5 0.3 - 149 -
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Plan™ ends up the idle capacity in
“equipment manufacturing” and "cons-
truction”. Beyond the plan there is full
utilization of capacity by assumption
for the “Alterpate  Plan” while thls
guestion does not arise for the “Third
Plan”. We must also answer one ques-
tion that may arise in the minds of
some readers of the original paper or
these comments: why chould there be
excess capacity in “Third Plan” rua
if it was based on official targets for
gross outputs, The answer is simple:
even though the terminal capacities
for the “Third Plan" were derived
on the basis of officlal targets and
intra-plan growth rates, the optimiz-
Ing procedure devotes enough invest-
ment to create
will use the capacities thus created
to the full only il it is ‘optimal’ i e,
only if it can yield a larger discount-

ed sum of consumption during the
plan. Because of the inflexbility of
commodity Composition of consump-

tion and/or of the ceilings on com-
petitive imports, such full uti i

these capacities but

Table 8-gives the shadow price of
{orelgn cxchange for the two runs ia
cach year of the plan. We note from
this wble that an extra rupee of
foreign  exchange available during
1961-62 could have increased the sum
of discounted consumption by only
0.1941 for- the “Third Plan” run. In
general the scarcity value of foreign
exchange implied by these values is
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use of large electronic computers
makes it possible to experiment with
models of complex structure. The
value of such experments in bringing
out the implications of a large num-
ber of assumpticns and relationships
is clear. In fact, it is hard to think
of any other approach that tan com-
prehend and take into account such
complexities. A model has an added
d that the very d

of it forces oae to make exphcit onc’s

rathes low. Part of the
far this mdy again  lic in the fixed
i pattern  of i

and the sectoral ceilings on competi-
tive imports. These prevent the canver-
sion of an extra rupee of foreign ex-
change in any year to 2 minimum of
an extra unit of consumption in that
year, Another contributing factor may
be the assumption of “fixed three year
lag in ‘investment and no postpone-
ment possible of iavestment once
stareed”,
Conclusion

A model is only a device 10 derive

some of the logical unplcauons of

becomes non-optimal and excess capa-
city in some jon sectors be-

the it These
assumptions by necessity, have to be

comes ievitable.

Table 7 gives the commedily com-
position of consumplion and sectoral
capital output ralios used in the
mode). These are self-explanatory.

Table 8: Shadow Price of Forelgn
Exchange

of the complex world the

model is supposed to describe. An
economic  model to be useful as a
policy tool must not carry abstrac-

tion to the Lmit of loosing all essen-
tial elements of a  problem. Before a
model is used as a policy tco! 2 num-
ber of runs indicating the seasitivity
of its results to changes in its assump-
tion or numerical values of its para-

Year p;nrd “‘h;l:"‘e meters must be made. Also, if one
policy or surategy is to be compared
196162 0.1941 0.0968 with another on the basis of the
196263 01767 0.1273 model, the objectives of the economy
1983-64 05179 0.1260 and all constraints have to be similarly
1964-65 0.3685 0.1859 derived for the two runs with the two
1965-66 03128 osogp  olicies.
It must also be made clear that the
Table 7: Consumption and Capital Coefiicients
Contribution Capital-
Sector to a Unit of Qutput
Consumption Ratio
1 Agriculture and Plastaton 0.4328 150
2 Mining and Metals 0.0005 215
3 Equipment Manufacturing 0.0147 0.84
4 Chbemicals 0.0238 070
5 Cement, Glass and Wood Product 0.0000 0.77
§ Food and Textlles 0.1408 0.60
7 Blectricity Generation and
Transmission 0.0009 612
& Transportation 0.0147 1.84
9 Construction 0.0000 014
10 Housing 0.0451 10.00
11 Services 0.3267 015
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and abjectives leaving il-
tle room from implicitly smuggling in
one's prejudices  under the cover of
‘judgement’ or ‘experience’.  One im-
portant lesson 1o be leaent from this
exercise is that we must g0 zhead
with more expenments with similar or
better models introducing elementis of
reality wherever lacking.

Notes

t R Frisch (1957) and Alan Maane
(1960) bad introduced 3 smikar
artifice in unpublished papers,

2 The summary results reposted in
the Lefeber-Chakea aper use
2 minimum growth of 5 pes
cent per aanum for vonsumplion
within the plan in constraint (e)
discussed under assumptions of
the model. We do not have the
detaded results for the “Thud

Plan” run for this case. [nstead,
we have used the awailable de-
tailed results of the “Third Plan”™
run with the munimal growth rate
of consumption of 2.5 per ceat per
aopum. This change does not

affect the results of the ‘Alter-
nate Plan’ where the mimmal
growth rale constrant of §

per cent per anpum is not bind-
ing. Hence 2 lowering of this rate
to 2.5 per cent will not change
the optimal plan. The resuls re-
ported in Tables 2-5(b) have beea
worked out by us on the basis of
computer print-outs and  very
kindly made available by Professor
Lefeber. Tables 1 and 6-8 are re-
produced from the print-outs.
One of the peculiar aspects of Lhe
model is the concept of ‘capacity”
for services, It is hard to juslify
the notion that supply of ‘services'
is limited by ‘capteity’ in exis-
tence in this sector.
The data relating to Initial capz-
city were implicitly derived by the
authors by assunieg full utilization
of capacity in the year immedia-
tely preceding the plan and using
that year's gross output together
with capital output ratios given in
Table 7 of this paper.
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