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SUMMARY. Aun attanpt has been made in the paper to explain the growth of real nativnal
inaomo in Indis sinco tho tum of tho contury in terms of ioputs of two principal facturs, labour and cupital,
using an approach used by At itx, Donison and olhore. Tha ontire cconomy and ita two mejor scatom,
wgrioulture and the ret, have boen separately studied. It hos boen found, among uther things, tbut. the
combined (aator inputa oxpluin almost tho ontire rate of growth of 1| during tho pre-ind
period, showing little changes in factor productivity. Since then a third of the growth rnlo in (hm to vu-
hanoed faotor productivity. Coming to tho untim economy, for the time hurizon up lo 1860.8], ugmiu

o third of tho growth rate is duo tu imp of feotor productivity and the ining two thirds is
attributable to growth in the combinsd faotor inpot. This and similar athor resulla, for sub-periods as well
as undor two dofinitiona of eapital inoluding and oxoluding rural laud, are of interest, though it is difticult

to tako thom ns definitive fAndings, i view of tho various wonknossss of the data base. Of theso, tho
woakeat in tho information on labour foroe, taken to measure tho labour input.

1. INTRODUCTION

1. Two considerations huve prompted me to submit this paper for the present
volume. First, Professor Mahalanobis, as the Chairman of the Indian National Income
Committee, 1941-64 initinted the regular official estimates of national i in the
country. Despite uncertainties of the official eatimates due to the inadequacy of
observational base, that some conclusions about our post-independence growth cun
be drawn is eutirely duo to his foresight, and convietion that having an annual series
of nation's output cannot wait till we get satisfactory estimates of all ita components.
8econd, Professor Mahalanobis was surely conscious of the various inadequacies of our
maoro-constructa of national income, labour force, ote. Yet he courageously used
these for purposes of formulation of Indian plans, demonstrating that a priori
guarantee of perfection of data need not be a condition for their effeotive use and

perhape hinting that he idered the relevant Indian information good enough for
his purpose We attempt hiere to explain the rate of growth of Indian national
g the present century in terms of rates of growth of reproducible capital

md labour foroe thhm the framework of a Denison-Abramovitz model (Denison,

*The paper waa disonssod in the 8th Conforonco nl' tho Indian Assaclation for Rosearch in Nationsl
Insoms and Wealth in Fobruary, 1073.
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1962 and 1067; Keudrick, [801; Abramovitz, 1856; Kuznets, 1004) und hencve,
have to dopend on more uncertain statistics thnn thowe used for Indian plans, But
wo take ge from Prof Mahulanobis® at pts at using macro-cconomio
constructs for polioy purposes, and we are moro or lesa convinced that unless ruch
and aimilar other analytical uses ure uttomptod on.tho basis of data that aro available
or cun be compiled within 1 rensonable time (as in the caso of our estimato of reprodu-
ciblo capital), it is idle to lopo thut the dnm baso will improve in future. In viow
of the uncertaiuty about the informati t vur lusi obviously
be. definitive, but if tho scl of analysi ins valid, it should yield more intercat-
ing conclusions once we huve confidence nbout the information that has beon fod in,

2. In view of this, wo must give some reusons justifying our fool-hardy
attempt. First, there is an intrinsie intorest in tho subjoct wud as such it is worth
trying to identify und study the sources of growth. Second, while the eatimates for
the preindependence period are of dubious value, those for the pust-independenve
period ure somowhut more adequate.  Third, not enough work of this type has been
dono for puoror countries, (Bruton, 1087; Correa, 1070; Psacharupoulos, 1989; Volou-
dakis, 1970; Nadiri, 1972; Mukhorjee and Roy, 1867) and the uttempt here may at
least givo u plun of analysis, if nol significant pusitive resulta. Finally, the model of
nnalyeis, if n sound one, brings out certain interrelations amonyg the relevant varinbles,
aud it is worthwhile to study the interroluted system oven with plausiblo trinl
estimates of variables. Such an exervise could help us in evolving a model, which
would give sound results when rcourato data aro fed in, at wome future date.

3. For growth uf national income during tho period, we uceopt 8. Sivasubra-
monian’s series for the period 1900-01 to 1946.47 and the offivinl series for tho peried
1048-49 to 1960-61. The way the two seriea have been spliced has been indicated
in Notes to Table 1. The conventional explanatory variables, capital and labour
inputs golng into n year's producti houkl be 1 reapectively by the capital
used up in the process of production und the man-hours of lubour put in.  In the ubsence
of the estimates of Iutter in Indin, we huve used the aubstitute, labour forco. When
we consider u fairly long period of time, I think one is permitted to assume that the
capital and labour inputa have changed in proportion with the respective stooks. Al
this shows that in India, availuble duts permit u cruder type of analysis than what
is possible in some advanced countries in which better idea of capital aud labour
inputs can be had.  For exumple, we da not have any historical series on employment

measured by man-days or mun-hours, which would havo given n oloser idea of the
sotual labour input.

4. I do nout.see any harm in using capital und labour as the two basio inputs;
I cannot think of any other input that can bo put in the sume cutegory. In other
words, a Cobb-Douglas typo of production function formulution scoms to bo a reason-
ablo starting point, provided we tako it to imply that wo have some knowledge of the

output (a8 measured by us) when we have some kuowledge of the two depondent
vorinbles,
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5. There is o tendenoy to think about other explanatory variables. For
oxample, why not take consumption of fertilizers in India for explaining agrionitural
growth 2 Or, should not one rookon some significant curront inputs, say, production

of coal, or of electricity as tive fact in the non-agrioult seotor ¥ These
may oxplain the growth herc better than the basic causative factors. However,
logically, I am not inclined to use p ts of output which have been used to

measure growth ss oxplanatory factors in the system. The overall oxplanation of
growth has to be in torms of some identifiable and measurable ontities that are dif-
ferent, from ourrent output which is being explained. The use of capital stock and
tabour forco is justified on this count. Even when we think in terms of annual capital
and labour services put in, while their returns must add up to national income, the
rervices considered are factor services and are distinct from the collection of goods
und services comprising national income s produced,

6. In identifying sources of growth for the poorer countries, I think it is im-
portant to reckon the structural changes in the economy as un explicit explanatory
variable. Pre-independence growth of India in the present century was largely
medinted through the oxpunsion of the non-ngriculture sector, the agrienlture only
showing « very small riso. Thus, for a study of sources of growth, it is important
to distinguish ot least agriowture and non-ngrioulture sectors, and also observe the
interaction between the two scotors. Sizably larger rate of growth in the non-
agriculture sector in India is largely duo to the use of relutively modern technology
in many activities inoluded in the sector, the growth of the shave of non-agrioulture
sector in NNP giving a erude measure of the uso of improved technology. Secondly,
study by sactors, keeping nn eye on intersectoral relations, can take care of tho pro-
duced inputs as factors explaining growth, provided we are propared to go into details.
Thus, we can use production of fertilizer as a factor expluining agricultural growth
since this is not an output of agrioulture. It is agreed that here we avoid only n logical
rather than a practical difficulty. No attempt however has been made in this paper
to follow up the iden just outlined.

7. It is perhaps also useful to take account of naturasl factors like rainfall
in w predominantly agricultural country. It is a [ree gift of nature, and is not normally
inoluded as un explunatory variable. While land and irrigation worke enter under
ocapital, and fertilizer produotion through sectoring, rainfall, temprature, etc., aro com-
pletely missed. I think it is important to inolude these when they have large influence
on the output. We have not, however, taken up the problem here.

8. All other conceivable explanatory variables can perhaps be covered under
qualitative improvements of capital and labour inputs. Technological changes are
mostly embodied in capitel, and improvement of educational and health standards
in labour. Organizational improv ts in prod , on the other hand, involve
an interaction of capital and labour. Most of these can be included conceptually
provnded wider definitions of capital and labour are used. In practice, however, tres

tatistical difficulties aro to be encountered, even in advanced countries,
to cover such items and to use comprehensive measures of capital and labour in this
aenso.  Tndian data do not permit even an oxplorntion of this field.
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2, ESTIMATES AND FIKDINGS

9. In sum, ull wo have succocded in doing in this papor is to obtain a wories
of capital stock and a sorles of labour foroe for the period 1900-01 to 1960-61 split
up into two aub-periods, 1900-01 to 1040-47 and 1046-47 to 1060-61, the pre-indopen-
dence and the post-indopendence periods. The yoar 1046-47 is used as tho out-off
point simply becnuse Sivasubramonian’s eeries ended in the year. 'I‘he seriea of capital
stook and labour force have heen split up hy .‘5. | and grioult
We nre thus able to explain the growth of the agricul and non-agrioul ot
ooparately in torms of our inputs. In addition the global growth can also be explained
in tho same manner. We have used two concepts of capital in our study, reproduciblo
tangible wealth (RTW) and RTW plus land. Since land ia n very important eapital
asset In agrienlural produotion, we thought that it will be desirable to use capital
inolusive of land in one variant of our analyais.

10. Table 1 below gives the cetimates of income, labour foroe and capital
used In our atudy. The way the estimates are derived and the source material used
are given in the Notes attached to tho table. The estimates are given at decade inter-
vals commencing from 1900-01, with the exception of the year 1948-47 which has ta

TABLE 1. BASIC DATA USED IN THE ANALYSIS

capital stock at 1000-8] prices :
Ra, crorca

national inoomae lsbour foree
ab 1960-81 pricos in million
Ras, orores exclusive of land inolunivo of land
ey .
? A nA T A mA T A nA T A na T
m @ ® W B @ (Mm@ ® un an 0y gy
1 1800.01 318) 1500 4750  80.0 3I1.4 111.4 8384 9173 8587 21621 4200 28011
2. 1010:11 3032 2207 5839 81.2 20.2 111.4 6102 4147 10240 24468 5268 20726
3. 10%20.21 3341 2303 6734 89.0 28.0 117.9 €211 6723 11934 24898 6037 31834
4. 1830.31 3604 24B) THIA 0.5 30.1 120.6 6370 8310 14681 25538 9740 35204
5 1840-41 3828 4083 7018 86.5 34.3 180.8 0500 11943 18443 26080 13861 20007
8. 1040.47 3986 4470 8406 100.1 36.8 136.D 0881 14403 21074 26542 18875 43415
7. 1950.8) 4832 4710 0242 102.0 34.8 140.9 6725 16300 23116 20056 10088 16044
4. lgen.6l 6161 7133 13304 140.9 47.8 188.4 7080 24470 32160 30825 27881 58706
goomotrin rates of growth por yoar
. [000.01 to
1960.61 112 2.82 .73 0.64 0,72 0.88 0.88 7.46 2.#23 0.80 3.17 1.37
10.  1900.01 to
1946.47 v.A2 2,268 1.28 0,49 0.84 0.48 0.35 3.36 1.98 0.45 3.02 1.18
1. 1046.47 to
1080.81 3,14 3,39 3.37 2.47 1.84 2.31 1.12 3.81 3.08 1.07 3.05 2.18

Notes on Tabls 1: Opper Panel : Qola. (2)-(4) : Lines 1.8: Slvamabramonian's ostimatos at 1938.39
prices by indusirinl origin for pre-indnprndonco area of the aountry (taken from his Ph.D. thoais,
Nationnl Income in Tndis, 1000-01 to 1940-47), woro convorted Inlo percontago sharos anid hix
sgrrogatos wore adjuated for tho Tndian Union nras by multiplying his por oapita figures by the
papulntinn of the Indian Tainn.  The notual Agums-in the tablo are abtainad by rodistribusing
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Indian Union aggregates by Sivasubramonian’s percentage shares and then raising the figures to
1060.61 price base generally with the atd of national incomo deflators nvailable for poat indepen.-
dence period. Thus, for the period up to 1946-47, the growth rate of national incoms is identical
with that in Sivasubramonian’s thesis. There is, however, one exception in line 8, whers Siva.
subramonian’s income aggregato is distributed between agriculture and non-agriculture by using
Mukherjoe’s estimatos of sharcs given in the National Income of India : Trends and Siructure,
p. 18, because Sivasubramonian’s agrioultural share for this year appeared undnly low.

Fines 7-8 : Estimates are based on the conventional national income series at 1948-49 prices
for the years, but the aggrogate for 1960-61 adjusted to the revised cstimate for 1960.61, with
corresponding changes in the othor figures. The procedure naturally brings all the figures to
1960.61 price base, and the most important comparison relating to the aggregate not output
over the sixty year period makes use of the generally accoptable current estimates. This state.
ment, however, does not hold true for the agriculture (A), non-agriculture (nA) breakdowns for
the two years. The procedure is unavoidablo in the absence of revised estimates for 1950-51.
Acceptance of 1060-6]1 revised series for suetoral breakdown would have givon unrealistic sectoral
rates of growth for the recent period when used in conjunction with the accepted 1946-47 break-
downs. The figures used result in rates of growth of A and nA which comparo well with
those haseqd on conventional seriea for 1048.49 to 1960.81,

Cols. (5)-(9) : Lines 1-8: The figures are taken from B. R. Kalra, Census of India 1961 :
Final Population Table, Appendix : A note on working foree estimate, 1901-61.

Cols. (8)-(13) : Lines 1.8 : Figurvs are based on my paper ' An exereiso in the cstimation of
the growth of tangible wealth in India since 1000°, Indian Economic Journal, 18, No. 2, October-
December, 1972, pp. 222-243. The estimates in the paper relate to reproducible capital stock and
land and the estimatos at 1948-40 prices are available by docades starting from 1800-01.  These
figures are converted to 1060-81 prices using an investment cost deflator based on capital forma-
tion estimates at current and at constant prices. 'The land values were given soparately by urban
and rural areass in the paper. The breakdown of the RTW by agrioulture and non-agriculture
sectors for 1950-61 was on the basis of detailed caloulation for March 1950 by Mukherjeo and
Sastry in ‘An estimate of tangible wealth of India', Income and Wealth Series VIIL, Bowes
& Bowes, London, 1959. Thess were carried forward to 1960-61 using the capital stock estimatos
for March 1961 given in ' Estimates of tangible wealth of India', Reserve Bank of India Bulletin,
January 1963, pp. 8-19 and estimates of capital formation prepared in the C30 and given in R. N.
Lal's ‘Capital formation in India, 1950-51 to 1965.66°, 7th Indian Conference on Research in

National Income and Wealth, 1970, (mimeo). The agricultural RTW was thon carried over
to the other years, by and large, in relation to rural land value. Cols. (8)-(10) present figures ol
RTW only while the remaining columns give figures of RTW plas land.

Lower panel: 'The estimatos are all annual goometric rates of growth computed from the
end points.

be introduced for the choice of the two sub-periods of our analysis. The lower panel
of the table gives the annual geometric rates of growth of the variables oonaidered
for the two periods as well as the combined period. Contributions of factor inputs
worked out from this table are given in Table 2, the procedure of computation being
indicated in Notes on Table 2,

11. From Table 1 we see that the overall rate of growth of real national
income was 1.73 per cent per year during the 60 year period covered. The rate of growth
was considerably higher for the post-independence sub-period, and consequently was
modest during the pre-independence period. Secondly, in all the periods, the agri-
cultural growth lagged behind that of the non-agricultural seotor, though the two
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TABLE 2, ALLOCATION OF THE SOURCES OF GRUWTH OF REAL NATIONAL INCOME

oxplanation of the sonreen of growth : sususl growth rates
copitalinput oumh. factor  inareass in eutpat national
input pue unit of input  incomo
woator ring f
pe labour  oxol, inol. oxol. inol. exol. tnal. r:;iu
input ol Iand Tand land land Innd
n ) [} (0] (8) ® (] (L] (U] [$1U)
agrieulture 1000.01 to
INia.47 0.40 w,ve 0.08 ¢, 40 0.48 @00 0,04 0.562
1H8-4T Ha
1000.01 2,02 u.21 0.1y .2 2.2 u.ol 1,01 3.4
1000-01 to
106081 0.77 (L )] w1 .87 .88 0.25 .28 112
oon.agrienlturm 1000-01 to
184847 v.28 0.88 0.79 1.13 Lot 1.13 1,22 2.20
I1H6.47 to
1040.91 [ 11} (i1} 0,056 2,16 2.3 1.4 108 K
1400.01 ta
190001 u. 53 0,90 0.82 1.4 1.a5 Loy 1.17 2.52
Ldinn rennuany 1000-01 to
104647 0,30 n.41 0.23 0.77 u.6 0,40 0.067 1.20
1047 10
(31N .80 u.a67 4R 2.47 2.28 0,80 0.7 3,27
1000-01 o
1960.01 0.70 0,40 0,28 [ 1 0,08 0,57

Natas : The wharesw of ineome from awet< in national fncome wore roapeatively 18.50 por cont in
agrionlturo anid 26,7 per cont for non-agrimituro in 104031 accorrding to catimatea by Naraysnan
nnd Roy (The movemaonta in distributive ahaces in Tndia, 184840 to 105T.58, Puprre on
National Income and Allird Topica, . 1668, pp. 78114, Theso figuees were mdapted for
1800.01 wnd 1046.47.  Tho woighted i for the ionnl for this pe R,
howover, was 20,7 in 1000.01 orul 22.2 in 1046.47, agninst 23.1 for 105081, For all poriods, The
mtoy of growth in Table 1 wore mnltipliod by the baso poriosl facter shaces, givirge the ligures
in this table,

are vlose for the post-independence period. Labour foree grew at the rate of 0.88
per cent per year for the 60 year period.  Its growth for the post-independence period
wus very fuat, and this is probably partly due to definitional reasons. Further in
all the periods, sgricultural labour force moved moro rapidly than the non.agricultural
labour foree. Coming to RTW, we see that its growth during the 60 year period
wus 2,23 per cent per year or slightly ubovo that of real income.  But during the period,
the rate of growth of agricultursl capital was lower than that of agrioultural income
while that of non-agricultural eapital was lurger than that of non-agrioultural income.
‘The same pattorn persists for the two sub-periods, though in the post-independence
poriod, the growth of income wus somewhat faster than that of RTW. The inolusion
of Iand, reduces the rate of growth of capital for the non-agricultural scctors to some
extent and substantially for the nutional economy. On the other hand, the rates of
growth of agricultural capital ave not. substantially altered by the inelusion of land.

12, Cols. (8)-(5) in Table 2, give the products of rutes of growth of tho factor
inputs and the base poriod factor shares, and cols. (#) and (7). the combined faotor
inputs undor the two dofinitions of eapital. Cols. (8) and (9) are obtained by deduoting
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the part of the growth of income explained by combined factor inputs from the growth
ato of per capita income ahown in col. (10), thus showing the contribution of the changes
in faotor productivity. Wo observe thut combined factor input oxplaing almost tho
ontire rate of growth of agrioulture during tho pre-indupendence pericd, showing
little change in factor productivity. In the post-independence period on the other
hund, roughly two thirds of the growth is explained by the combined inputs, the residunl
ono-thirds representing the growth in factor productivity. During the 60 year period,
the contribution of productivity growth is somewhat smaller, being a little more than
20 per vent.

13. In the non-ugrioultural sector, the contribution of lactor productivity
is much lurger, 30 to 50 per cent.  Howover, the post-independenee period shows n
modest contribution of 30 per vent. while us much ua 50 per cent is contributoed by
factor productivity in the pre-independence period. This shows that the rapid growth
of capital stock in recent timea, has not heen accompnnied by nn upsurge of capital
productivity. 'This is partly due, of course, to the emiphasis vn sociul overheuds, in
the Indiun plan outlays. Also, it is interesting to note that the growth of factor
productivity remained dimensionnlly the samo for all tho sub-periods considered, and
the lurger shure in pre-independence period wan due to the lower rate of growth of
income during the period, But deapite this, the figures suggeat no striking improve-
mont in factor efficicucy in tho recent pust and the Indian growth during the post-
indopend period uppears to have depended primarily on larger factor inputs aml
only incidentally on improvement in fuctor efficiency.  Coming to the entire economy,
and when we consider RT'W only, fuctor productivity contributed about oue-third in
the entire period of 60 yoars, its pre-indopendence contribution being nbout 40 per cont
and post-independence about 28 per cent. When we include land, the contribution
for the whole period rises above 40 per cent, the figures for pre-independenes snd post
independence periods heing reapeetively, about 50 und 30 per cont.

3. CONULUDING OVSBERVATIONS

14.  While we huve presented our findings in the last soctiun, wo should agoin
druw attention to what we have alrendy observed in the sccond paragraph. The
tindings depond vn the ncourncy of the estimates of the three main series used in the
paper. Of these, that of nationul income perhups is the most relinble, being based
on u voy detailed study undertaken by ite nuthor. In so fur a8 the sbries for eupital
stock is concerned, this has been obtained by using n perpotual inventory method using
the rocent estimates by myself and N. 8. R. Sastry and by tho Reserve Bank of India.
But the series of cupital formation used {Roy, 1963) was rather inadequato and had to
be adjusted. The only good point is thut the serics chocks well with tho independent
estimaten given by Giffen (1903) for 1003, Shirras (19824) for 1922, and Doane (1933) for
1920, This, howaver, supports only the nggregate. Tho breakdown of the aggregato
bet griculture and gricullure s arbitrary, as the Notes following Table (2)
indicate. The labour foroo estimates can be taken to bo plausible for the comparison
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between 1000-01 and 1060-61, estimates ut both the ond points having used similar
definitious. ‘Iho Rgures for 1940-47, however, are underestimnted in comparison with
estimutes at the two extremo points hecause of differences in definitions of luhour
force used in the 1941 und 195) Consuses.  Thus the reul growth rato of labour force
DLetween 1000-01 and 1948-47 is under-eatimated while that between 1946-47 and
1960-81 is overestimated.  Subject to all these limitations, our findinga do not appear
to be entirely implausible, nnd probubly suggest that more useful reavlts cun be
obtained provided estimates of enpital stock and labour foree are put on w firmer
footing. In any case, we use these historionl series for other purposes as woll, und
the excroise we have undertaken here can at lenst be regavded us a reasonable
method of checking one aspect ot the internnl consistensy of time serien of income,
wealth and lubour foree.
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