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1. Professor Mahalanobis' models used in connexion with
India’s Second Five Year Plan bave been examined in a large number
of studies. Some of these are appreciative while many others are
critical; some at a superficial level while others at considerable
depth. In view of this, it is difficult to add new and illuminating
points to this body of literature, However, since thereis little purpose
in traversing old grounds when one has nothing to add, we shall
concentrate on a few points that are relatively novel and use (his as
an excuse for presenting, briefly, not only his well known models but
also one of his little known ideas which has some relevance in des-
cribing growth if not in plasning it.

2. In his two-sector model, the unduplicated output of the
economy is conceived to be originating in two sectors, one produciog
all investment goods and the other producing all consumer goods.
This implies allocation of all intermediate consumption between the
two sectors ensuring that the sector outputs are final goods, 7 for the
former sector and C, for the latter, adding up neatly to national in-
come, ¥, in an economy conceived as clcsed, for simplicity. Observe
that the similar allocation by Marx related to total output and not
unduplicated output, and the sectors represented investment and
intermediate goods as against final consumer goods. It is not assumed
that investment every year is split up—in the ratio % : AA+A=1)
between investment goods and consumer goods sectors, With
subscript £ standing for the year, we can, therefore, write

L+Ci=Y,
Iy —h=Bdl,
Ciri—Ci=Bl,
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where B, B. ere reciprocals of respective sectoral morginal capital
output ralios, also assumed to be constants. The above equations
lead to

B4 MBe
0 ¥, [ e M L )
where ag=1,/Y, giving the pattern of growth of national income over
time,

3. Normally B;<f. and hence (1) depicts a higher rate of
growth of Y for smaller A; for the first few years. But when one
takes a loger time horizon, a Jarger A, systematically gives a higher
rate of growth of Y. It can be shown that

@ La= It (I,IY. )= Mo
I»o

Mt AB,

and some limiting values are given below by way of illustration when
a;=6 p.c., Bi=025 and B, =050,

A=01 03 05
MBIOB +)Be) pc.=53 177 333

When « is higher than the limiting value, s will gradually
decline towards it. When, however, it is smaller than the limiting
value, «,'s will increase until the limit is reached. On the basis of
such considerations, it was thought that A should be raised from
about 10to 33 per cent. A larger rise would have given a higher long
period rate of growth, but this would not have been practically
feasible and would have given too Jarge a limiting rate of investment,
and figures given above bring out the point made, fy, B being
assigned realistic values.

4. Haldane’s study of maxima of function (1) was not very
interesting, because with realistic values of B, and B(B.>B))Y, ata
point of time, decreases monotonically with increasing A, for the first
few years, say 0 to 7. Then for a brief period, T+1to T+ 1, a lrue
maximum exists for each year and can be obtained by Haldane’s
method. But beyond T+t the function uniformly increases with
A Since T and 1 are both small in comparison with reasonable time
horizops of perspective plans, where §, and B are realistic the quest
for a maxima is not illuminating.

5. Mahalanobis’ 4sector model was an allocation model while
his two sector model just described was a growth model. With aggre-
gate employment (), net investment (A) and income to be generated
(E) duriog the coming plan period being given, the problem is to
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allocate these by some meaningful sectors, The sectors chosen were
investmeat goods industries (i) and three types of consumer goods
industrics, factory type (C,), hand lype including agriculture (C,) and
services of all soris (Cy). With small a's standing for sectoral
employments wilh suitable subsctipts and introduciog new parameters
0 giving investment per worker, we can now write

N=n;+n+nytny
A=nftnf+mby+n8,
E=Pini+Bym 0, 4-Bamf s+ Bymafy

where 8's are seciprocals of capital-output ratios as before. With
reallstic values of §'s and p's oblained from available slatistics, and
using the fact that a third of the investment should be in the invest-
ment goods sector by virtue of the findings based on the two-sector
model, it is now pos:ible to solve the system of equations (3) and
obtain the sectoral allocation of the main aggregates. With availabie
values of 's and §'s for individual activities within a main sector,
their levels were chosen more or lesson a trial and error basis on
various considerations taking care to see that aggregation does not
violate the solutions obtained at the level of the main sector. How-
ever, since not all details were available for .several activities ulti-
mately chosen, the above should be regarded more as the logical
rather than the actual procedure for obtaining the targets for
individual activities.

6. It is necessary 10 stress four points about the models des-
cribed. First, they are not supposed to describe the past performance
of an economy. Heuce the parameters used, though based on past
information, are supposed to hold good during a future period. The
models are, therefore, stricily planning models rather than growth
models. However, in a subsequent study, it has been demonstrated
by Professor Mahalanobis that the two-sector model describes past
performance during a period also whea parameters are estimated on
the basis of data relating to the period. Second, the models were
devised to solve a concrete probiem and it had to be formulated and
the esti of p btained in about three or four moaths’
time, It was not expecled that the models would have aay lasting
value. The fact thal they attracted considerable attention demons-
trated that they were not as transient as Professor Mahalanobis
expected them to be.  They did not represent just scaffoldings to be
dismantled once the building was erected. Third, the models consti-
tuted only a part of the intellectual underpinning of the Second Plan,
There were many other observations agd regommendation including
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even prognostication about proxi behaviour of admini

and anticipation of foreign ge bottlenecks. It was never
thought that the Second Plan would have a smooth sailing once just
the requirements of the models were met. 1t was specifically
meationed that there were several Jimitiog conditions and the Plan
would fail unless these were met. Finaily, the models are obviously
incomplete, and this was partly by design and partly due to the lack
of clear understandiog of the problem at the time, but Mabalanobis
models are capable of being expanded and made more complete.
For example, exports and imports can be introduced in the two-sector
model aod the foreign trade sector may function like the investment
goods sector, to some extent. The number of sectors can be increased
in the other model, and the system of equations can be used for
obtaining a vector of targets which maximizes an objective function,
instead of just obtaining one solution, even when it is not a very
unstable one for margioal changes in parameters,

7. More recently, Professor Mahalanobis suggested an interes-
ting measure of the growth of per capita real income during a period,
while in the past, he was coacerned with models intended to bring
about an increase in the rate of growth of per capita real income.
As this formulation is relatively less known, we propose to conclude
this essay with a consideration of this.

8. Given sequences of real incomes, Y;, Y),..., Y, and popula-
tion Py, P, Py,..., Py, subscript ‘0" depicting the base year aad ,...n
being » years under consideration, the aggregate growth in Income

n
duriag the period is 2 Yi~nY.,, the corresponding growth in popula-
ial
n
tion being 2 P—nP,. If the additional population has to be
im]
provided at the 1ate of base period per capita income ( Vo= -};’),

then the new income above this is given by

n a
R ny,—%: iZP,—nP,}-
f=]

imi
This new income obviously has to be located at the centre of the
n+l

period, i.e, on ( —— ) th year rather than on tho nth ysar. The
2
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new income per year per bead is the above expression divided by

n41

n
7 2 Py and hence the rate of growth of per capita real income on

i=1

the base period per capita income is obtained by dividing

n Y a
EY,—nY,—ﬁiz PP, f
2 =
n

n+1

i=1 Y,

L

which reduces to

[Po ¥y
e

) r=
" ngn |

Professor Mahalanobis called this the consolidated rate of growth of
per capita income and compared this with the usually accepted rates
of growth obtained from the end points, i.e., from years 0 and n. It
will be of interest to study the implications of a rate of growth
obtained in this manaer. Apart from the advantage that it depends
on the entire data and oot just the terminal figures, the data enter
here in an economically meaningful way. [In contrast, when we use
the arithmatic average of rates of growth between years 0 and I, 1

and 2, and s0 on up to, 7—1 and n, as a measure of the rate of growth
duriog the period (0, # ), we no doubt use the full information, But
one is not convinced why arithmatic rather than geometric average
has been used. The use of geometric average here takes us back to
terminal points and the use of arithmatic average simply appears as
a mechanical dodge to use the whole information. An illustration of
the computation of the lidated rate is given in the Appendix
table.
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Appendix

Consolidated rafe of growih of natlosal income between 1950-51 and 19¢0-61
2t 1948-48 factor cost

National, . | Percapita
& el o | et
prices | million 1948-49 prices
(Rs. abla)y (in Rs.)
U] 0] 2 3 O]
1. 1950-51 885  35T6 247§
2, 95152 910 3636 2503
3 1952.53 946 3700 2557
4. 1953-54 1003 3768 %62
5. 195455 1028 3839 2078
6. 1955-56 1048 3914 2618
7. 195657 1100 3992 256
8. 195758 1089 4074 2673
9. 195859 1165 4159 28011
10. 195960 186 4248 2792
1. 1960-61 1275 4341 2937
12, Actual total for 10-year-period 10750 3%71
13, Total for 10 years at 1950-51 level 8850 35760
14,  Difference : Increase in 10 years 1900 3911
15.  Amouat required [or increasc in 968
population
16.  Net increase over 10-year-period 932
17.  Consolidaled increase : total period 235
18.  Consolidated increase : per person 43
per year
19.  Consolidaled increase : rate per 174
Person per year (per cent)
20,  Total interval rate of increaso 44) 187
21, Interval rate of igcreaso per year 37 17

Note, abja=100 crores (Rupess).
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