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Abstract:

The present article attempts to examine the carttdb of inputs and total factor productivity grdwt
to the growth of output by considering the aggregaanufacturing sector and seven selected
manufacturing industries of India during the peri@¥9-80 to 2003-04. Major findings of the study
indicate that output growth in the selected Indizanufacturing industrial sectors is driven mainjy b
inputs accumulation while the contribution of tdi@ttor productivity growth remains either minimal
or negative. The growth rate of total factor pradiity in almost all the industries under our study
gradually declining, especially during the poswreis period. The change in pattern of sources of
output growth may have taken place due to libeatibn policies and structural reforms undertaken
during the 1990s.
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1. Introduction:

India has been adopting a highly protective indaisémd foreign trade regime since 1951. The
liberalisation of Indian economy initiated slowtythe 1980's and key economic liberalisations via
structural adjustment programs began from 1991viBye of this programme, intensive charges have
been made in industrial policy of India Governmételaxing of licensing rule, reduction tariff rates
removal of restrictions on import etc are amongéhwhich have been initiated at early stage. The
policy reforms had the objectives to make Indiatustries as well as entire economy more efficient,
technologically up-to-date and competitive. Thisswi@ane with the expectation that efficiency
improvement, technological up-gradation and contipetiess would ensure Indian industry to achieve
rapid growth. In view of greater openness of Indtaonomy due to trade liberalization, private secto
can build and expand capacity without any reguteBarlier,the protective regime not only prohibited
entry into industry and capacity expansion but éstinology, output mix and import content. Import
control and tariff provided high protection to dastie industry. There was increasing recognition by
the end of 1980’s that the slow and inefficientwgito experienced by Indian industry was the resiult o
a tight regulatory system provided to the Indiaduistry.

The logic that manufacturing industries playacdalrole in the growth process involves two related
propositions: (i) that manufacturing activity cahtrtes to overall growth in ways not reflected in
conventional output measures; and (i) that thisagh premiunis larger in the case of manufacturing
relative to its output share than for other sectdithe economy. According to Cornwall (1977), the
manufacturing sector would act as engine of grdathwo reasons —it displays dynamic economies of
scale through “learning by doing” (Young, 1928, #&i, 1966,1967).With increased output, the scope
for learning and productivity increase becomesdar@hus, the rate of growth of productivity in
manufacturing will depend positively on the rategodwth of output in manufacturing (called as the
Kaldor-Verdoorn law). Secondly, manufacturing sedtads to enhanced productivity growth through
its linkages with other manufacturing and non-manturing sectors.
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1.1. Manufacturing as an Engine of Growth — Argumets:

The development path as followed by a large nurobdeveloped countries is from agriculture to
manufacturing to services. The productivity beifghler in the manufacturing sector and the sector
being more dynamic, the transfer of labour / resesifrom agriculture to manufacturing would
immediately lead to increased productivity (termasdsstructural change bonijisthereby contributing
to growth. Moreover, there exists opportunitiesdapital accumulation and for embodied and
disembodied technological progress which act asngine of growth (Cornwall, 1977). Capital
accumulation can be more conveniently realizegatially concentrated manufacturing than in
spatially dispersed agriculture. Technological axbeais concentrated in the manufacturing sector and
diffuses from there to other economic sectors siscthe service sector. The manufacturing sector als
offers important opportunities for economies ofleda large number of key industries like steel,
cement, aluminium, paper, glass, chemical, feetiletc which are less available in agriculture or
services. Incidentally, due to the increasing U9€®s in service sectors and their inherent
characteristic of negligible marginal cost, theser®mmies are no longer restricted to manufacturing.

Linkages in terms of both forward and backwanrd spillover effects within manufacturing and other
sectors are stronger for manufacturing than foicafjure or mining. Increased final demand for
manufacturing output will persuade increased denamaany sectors supplying inputs. In addition to
these backward linkages, Cornwall (1977) emphasimshe manufacturing sector also has numerous
forward linkages, through its role as a suppliecayital goods (and the new technologies that these
goods embody). Lastly, Engel’s |astates that as per capita incomes rise, the shagrioultural
expenditure in total expenditure declines and Haresof expenditure on manufactured goods
increases. The implication of this is that if caie® specialize in agricultural and primary product
they will not gain from expanding world markets foanufacturing goods.

[Insert Table-1 &fer

Table 1 shows that annual growth rate of induspiatiuction is gradually increasing in Indian
manufacturing over years as Index number of Incaldoroduction depicts sé\gainst this background
information, this article aims at examining whetgeswth in industrial output of selected
manufacturing industries of our research considmrdike —Iron&steel, aluminium, cement, glass,
fertilizer, chemical and paper and pulp etc. ia @assult of productivity growth or input accumudmti

Results obtained through such an exercise arectegh to help identify the character of growth path
followed by the manufacturing sector of India ie tontext of Krugman'’s thesis. For that purpose, it
considers the data of a seven energy intensivestrida mentioned above.

Rest of the paper is organised as follows. Se@&ipresents methodology and data source, while
Section 4 gives empirical results. Major conclusiohthe analysis are presented in Section 5.

3.Methodology and data source:
3.1. Econometric model:

This paper covers a period of 25 years from 1:80%o 2003-04.The entire period is sub-divided in
two phases as pre-reform period (1979 -80 to 1991a8d post-reform period (1991-92 to 2003-04).

The partial factor productivity has been estieddby dividing the total output by the quantityaof
input. In this paper, TFPG is estimated under timpat framework applying translog index of TFP as
below: -

ALn TFP(t) =

ALn Q(t) -[§ + § (t-1) XALn L(t)] —[S«(t) + Sc(t-1) X ALn K()] — [Su(t)+ Su(t-1) X ALnM(b)]
2 2 2
Q denotes gross output, L Labour, K Capital, M makéncluding energy input.
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ALn Q)= LnQ(t)—LnQ(t-1)
ALnL(t)= LnL(t)-LnL(t-1)

ALn K(t) = LnK(t) —LnK(t-1)
ALnM(t) = Ln M(t) — Ln M(t — 1)

S, § and § being income share of capital, labor and mateeisphectively and these factors add up to
unity. ALn TFP is the rate of technological change or #te of growth of TFP.

Using the above equation, growth rates of tiatetior productivity have been computed for eaclr.yea
These have been used to obtain an index of TFReirfiallowing way. Let Z denote the index of TFP.
The index for the base year, Z(0), is taken as T0@. index for the subsequent years is computed
using the following equation:

Z(t) 1 Z( t-1) = exppLnTFP(1)].

The translog index of TFP is a discrete approxiomatd the Divisia index of technical change. It has
the advantage that it does not make rigid assumptiimut elasticity of substitution between faciwirs
production (as done by Solow index). It allows feariable elasticity of substitution. Another
advantage of translog index is that it does notiirectechnological progress to be Hicks-neutrale Th
translog index provides an estimate of the shithefproduction function if the technological charng
non-neutral.

After that ,growth of output of those industrieslenour research consideration has been compared
with productivity growth and inputs accumulationt® acquainted with nature of contribution of
productivity growth and inputs accumulation in auttgrowth of the industries.

3.2.Data source:

The present study is based on industry-level §erees data taken from several issues of Annual
Survey of Industries, National Accounts Statisties]IE and Economic survey, Statistical Abstracts
(several issuesRBI Bulletin on Currency and Finance, Handbook ofiStias on Indian Economy,
Whole sale price in India prepared by the Indexhoffice of Economic Advisor, Ministry of Industry
etc covering a period from 1979-80 to 2003-04.

4. Empirical results regarding Growth in output, enployment, partial factor productivity and
total factor productivity growth:

The reforms initiated in 1990s added momentum t@ane the competition, productivity and
efficiency. Productivity is a relationship betwaeal output and input; it measures the efficienipw
which inputs are transformed into outputs in thedpiction process. Increased productivity is related
with more output produced with either the same amofiinputs, or with fewer inputs, or with little
increment in inputs. Higher productivity growthaissociated with increase in capital intensity, labo
productivity and capital productivity and matenabductivity. Empirical evidence suggests that
productivity in turn reduces unit cost; enhancedpiai quality, increase workers wage, and offers
returns on investment. Productivity is the priméedminant of a country’s level of competitiveness,
higher standard of living and sustained growthimlong run. The present section is an attempt to
analyze the response of energy intensive industribsdia in terms of inputs and output growth as
well as in terms of total factor productivity grdwio new policy initiatives started in 1991 at aagate
level.

Therefore, in this section, we have tried to soea total factor productivity growth, partial
productivity growth in respect of material, lab@nd capital inputs. Partial productivity indices
defined as the real output per unit of any paréicokal input like labour, material or capital, &re
simplest and most intuitive measures of produgtiviine point is to be noted in the context of aeuti
productivity analysis is that it tends to depeda fgreat extent, on capital intensity.

In cement industry, broad variations in the magtetof TFPG are found in the estimation. The
estimated TFPG of Indian cement sector at the ggtgaeveals contradictory rates of TFPG growth
(both positive and negative) and it varies overyedathin the same sector. But, our aggregate
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analysis also depicts sign of declining trend iarage TFP growth rate during post-reform period as
compared to pre-reform period. It is evident tihat éstimated average growth rate of TFP at aggregat
level in cement sector for the period 1979-80 81192 is 1.44 percent p.a whereas post-reform gerio
covering 1991-92 to 2003-04 in our study witnesaédrther decreasing growth of 1.013 percent p.a.,
a noticeable decline from growth rate as in presrafperiod. The trend growth rate of TFP in Indian
cement sector is assessed to be -0.0043 percehefentire period 1979-80 to 2003-04 (estimated
from semi-log trend) implying average overall arirdeceleration of -0.0043 percent p.a. On the
whole, impact of economic reforms on TFPG at agage{pvel was adverse as the average rate of
TFPG estimated in the pre-reform period furthernteereased in post-reform period. Moreover,
difference between mean TFPG of two periods isssizdlly significant at 0.05 levels thereby
indicating that average TFPG between two periodsstatistically different. The estimated TFPG rate
at the aggregate level of Indian aluminium indu$bnythe entire period, 1979-80 to 2003-04 reveals
paradoxical pictures with positive as well as negatates. During pre-reforms period (1979-80 to
2003-'04), aluminium sector has recorded a negafieath rate of -0.2008 %. It could be noticed
from the average TFPG estimated during the pofirnmes period that the reform process yielded
negative results on the productivity levels of #h@minium sector because it is visible from the
estimated average TFPG that there is a signifideoy in the extent of negative TFPG which is -1.43%
when compared to that in the pre-reform periodtalliactor productivity growth in iron and steel
industry displays declining growth rate in posterefis period compared to pre-reform period. It is
evidenced from table 2 that the estimated growt @& TFP at aggregate level for the period 1979-80
to 1991-92 is 0.5650 percent p.a whereas postefariod covering 1991-92 to 2003-04 in our study
witnessed a declining positive growth of 0.4761cpet p.a., a noticeable downfall from growth rate a
shown in pre-reform period. On the whole, impactadnomic reforms on TFPG of iron industry at
aggregate level was adverse as the average rateRg estimated in the pre-reform period
furthermore decreased in post-reform period. Withsnsame industry, over the years, there exist
severe variations in total factor productivity gtbwAnalysis of the TFPG of Indian chemical indystr
shows declining growth rate in negative fashiorirdupost- reforms period. The pre-reform era (1979-
80 to 1991-92) witnessed a positive growth rat@.65625 percent but during post-reforms period
(1991-92 to 2003-04), it is estimated to be -0.3@8fdcent p.a. Moreover, total factor productivity
growth shows contradictory positive and negatieadis over years within the same industry.
Inspection of average TFPG of fertilizer industmyjimdia exhibits an overall negative growth rate in
TFP. It is obvious from table 2 that the estimajeavth rate of TFP for the period 1979-80 to 1921-9
is 0.44 percent p.a which signifies a positive dtgrowth in TFP where as post-reform period
covering 1991-92 to 2003-04 in our study witnesasatharp negative growth of -1.12 percentp.a., a
steeper fall from growth rate as revealed in pferma period. This decline is due to reduced capacit
utilization caused by downfall in production rathiean being a consequence of lack of technical
progress. The growth rate of TFP in Indian fergilizector is assessed to be —0.055 percent p.a.
implying average overall annual deceleration fer ¢htire period 1979-80 to 2003-04. On the whole,
impact of economic reforms on TFPG at aggregatel as poor as the positive average rate of TFPG
estimated in the pre-reform period declined to tiegayrowth in post-reform period. More over,
difference between mean TFPG of two periods isssizdlly significant at 0.05 levels thereby
indicating that average TFPG between two periodsstatistically different.

In paper and pulp sector, the estimated groatéhof TFP for the period 1979-80 to 1991-92 &10.
percent per annum whereas during the post-reforinghel991-92 t02003-04, TFPG shows slight
downward trend which is estimated to be 0.58 percqrer-annum but average growth rate for the
entire period is significantly negative (-0.014 gant). Moreover, TFPG varies widely among years
within the same paper sector. Total factor proditgtgrowth of Indian glass industry during pre-
reform period declined in a negative fashion whghosted as -0.09 and in post-liberalization pkrio
it further declined to -0.68.Large variations ie tmagnitude of TFPG are found in the evaluatiore Th
estimated TFPG of the Indian glass industry abtigregate level reveals differing rates of
productivity growth over years. Over our study pdrinegative trend in the TFPG is observed at
aggregate level.
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Therefore, overall analysis of average TFPG ¢ghamggests that in all the industries taken upeund
our study, average TFPG growth depicts declinimyviin rate during post-reform periods as compared
to pre-reform periods.

This does not mean, however, that reforms fdidesave a favorable effect on industrial produtyivi
Rather, some research undertaken recently (GofdhKamari, 2003; Topalova, 2004) has shown that
trade liberalization did have a positive effectintustrial productivity. The explanation for the
slowdown in TFP growth in Indian manufacturing e {post-reform period seems to lie in the adverse
influence of certain factors that more than offsetfavorable influence of the reforms. Two factors
that seem to have had an adverse effect on indugtaductivity in the post-reform period are (a)
decline in the growth rate of agriculture and (b)edioration in capacity utilization in the induatr
sector (Goldar and Kumari,2003). Uchikawa (200102 (has pointed out that there was an investment
boom in Indian industry in the mid-1990s. While theestment boom raised production capacities
substantially, demand did not rise which led toawdy under-utilization.Goldar and Kumari (2003)
have presented econometric evidence that indith&she slowdown in TFP growth in Indian
manufacturing in the post-reform period is attréhlé to a large extent to deterioration in capacity
utilization.

[Insert Table-2 here]

The table 2 depicts the overall growth rate in gadded, capital, employment and partial produgtivi
in energy intensive industries under our study. filcture that emerges for the Indian cement sastor
that the overall long-term growth in output (vahdded) is 7.94 percent per annum in this sector
during 1979-80 to 2003-04 which is associated withpid growth of capital (10.29 percent per
annum) and comparatively a low growth of employt{8m3 percent per annum). Comparing the
annual growth rates during 1979-80 to 1991-92 witse of 1991-92 to 2003-04, the post-reform
period, it is found that there is a sharp declimgrowth rate of value added from 10.49 per cent pe
annum in pre-reform period to 5.74 per cent peuanim post-reform period. Labour productivity for
the whole period increased at an annual rate & geB cent per annum while capital productivity
decreased at a rate of -1.75 per cent per annupitaCiatensity for the entire period is 6.97 pent
per annum. Estimates for the sub-periods revefdrdifices in the growth rates. Labour productivity
decreases at a higher rate, i.e. at a 6.50 pepeemrtnnum in the pre-reform period as against B30
cent per annum in the post-reform period. Capitatipctivity shows a sign of negative trend in the
first period of the analysis and it decreases $hamghe second period. Capital intensity decrease
slightly at a 6.51 per cent per annum in the pef&irm period as against 7.96 per cent per annuirein
pre-reform period. The estimate of total factorcarctivity (TFP) growth of Indian cement industry-is
0.0043 per cent per annum over the entire peri®d9-B0 to 2003-04. Total factor productivity growth
is lowered down during the post-liberalization pdrthan during the pre- reforms period of the
analysis. Iniron and steel industry, labour piadiity for the whole period shows a growth rateaat
annual average of 5.81 percent per annum whergitslgaroductivity shows an annual average
growth rate of 0.80 percent. Capital intensitytfoe entire period is 5.05 whereas an estimatenfor t
sub-period shows difference in growth rates. Pefsirm capital productivity and labour productivity
shows increasing trend. Capital intensity increasdsgher rate from 4.59 percent in pre-reformqabr
to 5.5 percent in post-reform period. Total fagioeductivity growth is declining associated with
declining growth rate in capital, employment durpuast-reform period. In a nutshell, for iron and
steel sector, post-reform era witnessed decliniogvth rate in total factor productivity but
acceleration in capital intensity as well as cdpitaterial and labour productivity.

Table 2 also shows that overall long-termaghoof 6.76 percent in value added (output ) ididn
iron and steel industry during 1979-80 to 2003-94ssociated with rapid growth of capital(6 percent
per annum) and low growth of labour(0.82 perceat -annum). Comparing the annual growth rate of
pre-reform period (1979-80 to 1991-92) with thatpoft-reform period, it is evident that there is an
increase in the growth rate of value added fron® g&rcent in pre-reform period to 6.90 percent in
post-reform period. It is evident that the revieflgrowth in output in post 90s was not accompanied
by adequate generation of employment in iron ardlstector. Several explanations have been cited
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for that. It is argued that capital-intensive teiques were adopted because of increase in real inage
1980s and onward. According to Nagaraj (Cited iK.&hosh.1994), the “overhang’ of employment
that existed in 1970s were intensively used in 1880s, thus generating only few additional
employment opportunities in the latter decadeshds also been argued that labour retrenching
technique was difficult after introduction of thabjsecurity regulation in the late1970s and thisdd

the employers to adopt capital-intensive productexhniques (Goldar, 2000). Productivity of capital
increased from 0.26 to 1.33 along with that of labproductivity, which increased from 4.7 to 7.06
during these two time frames. These changes wdlextige of an increase in the rate of growth of
capital intensity. The data also shows that theemse in the growth rate of output as is evidemifr
the table 2 is not accompanied by an increaseciptbductivity.

In aluminium industrylabour productivity for the whole period shows @wth rate at an annual
average of 1.39 percent per annum whereas capddlptivity shows an annual average growth rate
of 0.23 percent. Capital intensity for the entiexipd is 1.16 whereas an estimate for the sub-gerio
shows difference in growth rates. Consequent tm@wic reforms in July, 1991, capital productivity
shows increasing trend but labour productivity eefs dismal declining trend. Capital intensity
decreases at higher rate from 3.21 percent ingfogm period to 1.04 percent in post-reform period.
Total factor productivity growth is sharply declthassociated with declining growth rate in capétsl
well as employment during post-reform period. Inw shell, for aluminium sector, post-reform era
witnessed declining growth rate in total factordurctivity accompanied by acceleration in capital an
material productivity. Overall long-term growth 6f21 percent in value added (output) in Indian
aluminium industry during 1979-80 to 2003-04 iscasated with rapid growth of employment (3.82
percent per-annum). It is obvious that there i®erelse in the growth rate of value added from 6.27
percent in pre-reform period to -2.20 percent istpeform period. The revival of growth in outpnit
post 90s was not possible by adequate generatiempfoyment in aluminium sector. Productivity of
capital increased from 2.34 to 7.88 whereas lalppaductivity declined sharply from 5.10 to 1.89
during these two time frames. These changes wdlectige of a decline in the rate of growth of
capital intensity.

In paper and pulp industry, productivity of dapidecreased from -0.60 to -1.83 along with tHat o
labour productivity, which decreased from 4.71 1623during these two time frames. These changes
were reflective of an increase in the rate of gtowt capital intensity. The data also shows that th
decrease in the growth rate of productivity asvisent from the table 2 is accompanied by a deereas
in the growth rate of output.Labour productivity the whole period shows a growth rate at an annual
average of 4.86 percent per annum whereas capddlptivity shows an annual average growth rate
of -0.61 percent. Capital intensity for the enfieriod is 5.47 whereas an estimate for the sutngeri
shows difference in growth rates. Capital produtgtisnd labour productivity during post-reform era
shows simultaneously declining trend. Capital istBnincreases slightly in post-reform period. Tota
factor productivity growth is decelerating with dlaimg growth rate in capital, employment during
post-reform period. In brief, for paper sectorstpeform era visualized some kind of decliningwgtto
rate in total factor productivity along with acaelgon in capital intensity as well as material
productivity but value added, employment and cépgeowth along with capital and labour
productivity reflects declining growth rate.

In fertilizer sector, labour productivity forglentire period,1979-80 to 2003-04, shows a graath
at an annual average of 10.02 percent per annwemeah capital productivity shows a negative
annual average growth rate of -1.06 percent. Gaptensity for the entire period is 11.12 wheraas
estimate for the sub-period shows difference imghaates. With the initiation of new policy reggm
in 1991, capital productivity shows abrupt decnegd¢irend which turns out to be negative (-5.52
percent) but labour productivity growth displayiglstly accelerated growth rate during post reform
periods. Capital intensity also decreases from7lpekrcent in pre-reform period to 8.32 percent in
post-reform period. Total factor productivity grdwis declining associated with declining growtterat
in value added, employment, and capital intengityrd) post-reform period. Therefore, for fertilize
sector, post-reform era is evidenced by decliniryvth rate in total factor productivity but
acceleration in capital growth, material and labpuductivity. Overall long-term growth of 8.93
percent in value added (output) in Indian fertilim@ustry during 1979-80 to 2003-04 is associated
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with rapid growth of capital (8.71 percent per amjuComparing the annual growth rate of pre-reform
period (1979-80 to 1991-92) with that of post-refiqueriod, it is evident that there is a declin¢hie
growth rate of value added from 15.33 percent @xngform period to 3.74 percent in post-reform
period. Productivity of capital decreased from 3@05.52 but labour productivity increased from
10.13 to 10.21 during these two time frames. Tiohsmges were reflective of a decline in the rate of
growth of capital intensity. The data also shove the decrease in the growth rate of output is
accompanied by a decrease in the productivity.

In glass sector, labour productivity for theolh period of our study shows a growth rate at an
annual average of 6.19 percent per annum andtat@poductivity shows an annual average growth
rate of -3.08 percent . Capital intensity for theire period is 10.06 whereas an estimate for the s
period shows difference in growth rates. After emoit reforms in July, 1991, capital productivitydan
labour productivity shows decreasing trend. Cajpitignsity increases at higher rate from -6.36 @etrc
in pre-reform period t012.52 percent in post-refop@riod. Total factor productivity growth is
declining in negative fashion associated with déalj growth rate in capital and employment growth
declines during post-reform period. In short, @lass sector, post-reform era witnessed declining
growth rate in total factor productivity, labour darcapital productivity but acceleration in capital
intensity as well as material productivity. Comparithe annual growth rate of pre-reform period
(1979-80 to 1991-92) with that of post-reform pdrid is evident that there is a decrease in tevtr
rate of value added from 10.34 percent in pre-refgeriod to 4.76 percent in post-reform period
showing an average growth rate of 6.19 percennduhie entire period. It is evident that the raVviof
growth in output in post 90s was not possible bggadite generation of employment in Glass sector.
Productivity of capital decreased from 2.39 to 75afong with that of labour productivity which shew
abrupt decline from 1.53 to -0.26 during these tinte frames. The data also shows that the decrease
in the growth rate of output is also accompanieé lopcrease in the productivity.

In chemical industry, labour productivity fdret entire period of our study shows a growth rana
annual average of 7.61 percent per annum whergaigalcgroductivity shows an annual average
growth rate of 0.34 percent. Capital intensity loe entire period is 5.58 whereas an estimatehir t
sub-period shows slight difference in growth ratéapital productivity and labour productivity shows
decreasing trend with the introduction of reforimd991. Capital intensity increases very negligib
from 5.52 percent in pre-reform period to 5.50 patdn post-reform period. Total factor productvit
growth is declining in negative fashion associatéith declining growth rate in value added. In short
for chemical sector, post-reform era witnessedidieg growth rate in total factor productivity, lkeir
and capital productivity but acceleration in capgeowth as well as material productivity is notice
There is a decrease in the growth rate of value@ddm 8.04 percent in pre-reform period to 6.85
percent in post-reform period showing an averagevtir rate of 7.61 percent during the entire period.
The stimulation of growth in output in post 90s wast possible by adequate generation of
employment in Glass sector. Productivity of capidatreased from 1.07 to -0.05 along with that of
labour productivity which shows abrupt decline frén®7 to 5.10 during these two time frames. The
data also shows that with the decrease in the groate of output, total factor productivity decress

On the whole, value added in all the industersept iron&steel sector declined sharply during th
post-reforms period whereas post-reform period shtvat growth in capital investment gradually
declined in all the industries except chemical tertllizer. Growth in employment also declined ih a
industries except chemical during post-liberalizednario. Analysis of partial productivity showstth
material productivity increases in all the sectexsept cement industry, capital productivity deetin
during post-reform period in all industries excegtminium and iron industry. Post-reform era
witnesses declining growth rate of labour in allemgyy intensive industries except fertilizer and
iron&steel industries.

For a very long time, economic theory highlightapital and labour, the two primary factors of
production, as the key driving force behind producand growth. It was only in the 1950s that
technological advancement as an important sourgeasith was brought into the discussion of
mainstream economic theory. Solow’s (1957) piomggattempt to estimate the contribution of
physical factors to growth, by introducing the teicjue of growth accounting, revealed that only /8t
of the growth of the US economy during the firslf o the present century could be explained by the
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growth of its endowments of physical factors, legvihe remaining to a “residual” (termed as
technical progress or total factor productivity\gtb (TFPG)). Focus shifted thereafter from physical
factors to the role of technology in production gmdwth. It is fairly well established now that
technological advancement resulting from R&D is h@st important factor behind today’s
productivity growth. Indeed, the growth experienéenost advanced industrial nations has been
driven by TFPG rather than by growth in factor emdeents. For these nations, operating essentially
on the frontiers of global technology, TFP growtitassarily implies an outward shift of the
technological frontier. Of course, the contribut@mlFPG to their economic growth has not been
uniform across all industrialized nations. Hayafr849), for instance, compared the sources growth in
Japan and the USA during their respective high gigeriods (1958-70 for Japan and 1929-66 for the
USA) and found, not surprisingly, that Japan’s gtowas attributable to both capital input growth as
well as technical progress as opposed to the USrqe of predominantly technology driven growth
— TFP contribution being 53 per cent for Japan&aagn and 80 per cent for the USA. Even, for the lat
industrializing countries in East Asia (the so-edlEast Asian Tigers: South Korea, Hong Kong,
Singapore and Taiwan), the contribution of TFP thesn observed to be much more moderate than the
US experience. According to World Bank (1993), appmately two-thirds of the observed growth in
these economies may be attributed to accumulafiphysical and human capital and the rest came
from total factor productivity growth. This is ntat deny that productivity growth diglay a very
important role in East Asian success, but it waarty not the sole (and not even the dominantpfact

With the prediction of non-sustainability obgrth registered by the East Asian countries,
Krugman'’s thesis [Krugman 1994] leaves an imphgipeal for most of the developing economies to
examine their positions. In a situation of fraddéal factor productivity growth (TFPG), a syndrome
which most of the developing countries encountdrecomes imperative to undertake an analysis of
growth decomposition

of output in Indian manufacturing industries teritify its major contributing factors. Such a ressil
likely to help provide appropriate policy guidelsehile projecting the long-run growth trajectofy o
the countries.

Theoretically, sources of economic growth are coseploof factor accumulation and productivity
growth. The first source may lead to high growtiesabut only for a limited period of time.
Thereafter, the law of diminishing returns ineviabccurs. Consequently, sustained growth can only
be achieved through productivity growth, that e &bility to produce more and more output with the
same amount of input. Some researchers arguethth&oviet Union of the 1950s and the 1960s, and
the growth of the Asian ‘Tigers’ are as examplegrafwth through factor accumulation (e.g.
Krugman, 1994). On the other hand, growth in tlirigtrialized countries appears to be as the result
improved productivity (e.g. Fare ak, 1994).

Therefore, a major focus of the present study analyze the contribution of inputs and TFPG to
output growth. On the basis of the methodologyinetl earlier, source specific growth of output is
reported in Table 3.

[Insert Table-3 here]

Traditionally (owing to Solow), the sources of auttgrowth are decomposed into two components: a
component that is accounted for by the increastaators of production and a component that is not
accounted for by the increase in factors of pradacwhich is the residual after calculating fhist
component. The latter component actually repredéstsontribution of TFP growth.

Therefore, the pertinent question of whether ougpawths of these industries are the result offact
accumulation or productivity-driven has been tedtedhese energy intensive industries. Table 4
shows the relative contribution of TFP growth aadtér input growth for the growth of output during
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1979-80 to 2003-04. Observing the growth patts #&pparent that in all the industries under outhstu
TFP growth contribution is either negative or ngiglie and insignificant across the entire time feam
Therefore, it is true that increase in factor injgutesponsible for observed output growth and TFP
contribution plays negligible role in enhancingmuttgrowth. Therefore, output growth in energy
intensive industries in India was fundamentally dwated by accumulation of factors resulting input-
driven growth and TFP has a negligible or negativatribution to output growth.

5. Summary and Conclusions:

The present exercise attempts to examine the batith of inputs and total factor productivity gribw

to the growth of output by considering the aggregaanufacturing sector and seven selected
manufacturing industries of India during the peri@¥9-80 to 2003-04. Major findings of the study
indicate that output growth in the selected Indizanufacturing industrial sectors is driven mainyy b
inputs accumulation while the contribution of TFPnins either minimal or negative. The growth rate
of total factor productivity in almost all the instuies under our study is gradually declining, esdby
during the post-reforms period. Therefore, manui@at) sector, being input driven output growth
sector of India, does not remain outside the pungéthe sustainability issue raised by Krugman.

The pattern of sources of output growth witspext to source of productivity growth and input
accumulation remains unchanged during two periadishe relative contribution of each source of
growth to output growth from pre-liberalisationgost-liberalisation period has increased for some
other industries but has decreased for some atbestries. On the other hand, for some of the
industries the relative contribution has changedfpositive during pre-liberalisation period to
negative during post-liberalisation period or frapgative during pre-liberalisation period to positi
during post-liberalisation period. The change ittgra of sources of output growth may have taken
place due to liberalization policies and structuedbrms undertaken during the 1990s.
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Period Index of Industrial Annual Growth rate(%)
Production(IPP)
(Base:1993-94)
1998-99 145.2 4.1
1999-2000 154.9 6.7
2000-01 162.6 5.0
2001-02 167.0 2.7
2002-03 176.6 5.7
2003-04 189.0 7.0
2004-05 204.8 8.4
2005-06 2215 8.2
2006-07 247.0 115

Source: Statistical Abstract,2007-08.

Table: 2: Growth rate of value added, capital, emfpyment and partial factor productivity etc. in
selected manufacturing industries in India (%)

Industry Year/Growth Value Capital Employment Material  Capital Labour Capital  Total factor
rate added productivity productivity Productivity intensity productivity
growth
Cement  1079-80t0 7.94 1029 3.43 2.93 1.75 4.88 6.97  -0.0043
200304 (7.78) (6.05) (0:69) (1.49) (1.64) (7.09) (5.36) (1.24)
1979-80to 1049 11.97 4.15 4.66 -1.42 6.5 796  1.44
199192 (567) (4.34) (023 (1.23) (2.23) (6.43) (4.11)  (1.53)
199192 574 866  2.26 0.71 -2.08 3.80 651  1.013
0200304 (43g) (4.63) (-0-81) (1.61) (-0.23) (5.24) (5.48)  (0.44)
Aluminium  1979-80t0 5.21 4.98  3.82 2.39 0.23 1.39 1.16  0.0011
200304 (7.7g) (6.05) (0.69) (1.49) (1.64) (7.09) (5.36) (1.24)
1979-80to 6.27 4.99  2.69 -0.48 2.34 5.10 321  -0.2008
199192 (567) (4.34) (023 (1.23) (2.23) (6.43) (4.11)  (1.53)
199192 220 0.60  2.09 4.45 7.88 1.89 1.04  -1.43
0200304 (43g) (4.63) (-0-81) (1.61) (-0.23) (5.24) (5.48)  (0.44)
lron&steel  1979-80to 6.76 6.00  0.82 1.83 0.80 5.81 505  -0.13
200304 (7.78) (6.05) (0:69) (1.49) (1.64) (7.09) (5.36) (1.24)
1979-80t0 6.29 6.18  0.93 1.39 0.26 4.7 459  0.5650
199192 (567) (4.34) (023 (1.23) (2.23) (6.43) (4.11) (1.53)
199192  6.90 567  0.59 1.76 1.33 7.06 550  0.4761
0200304 (43g) (4.63) (-0:81) (1.61) (-0.23) (5.24) (5.48)  (0.44)
Chemical ~ 1979-80to 7.61 7.33  1.81 3.07 0.34 5.71 558  -0.07
200304 (7.78) (6.05) (0:69) (1.49) (1.64) (7.09) (5.36) (1.24)
1979-80to  8.04 6.94 1.47 1.67 1.07 6.57 5.52 0.65
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199192  (6.67) (4.34) (0.23) (1.23) (2.23) (6.43) (4.11) (1.53)
199192  6.85 7.84  2.39 4.59 -0.05 5.10 5.50 -0.32
t02003-04  (43g) (4.63) (-0-81) (1.61) (-0.23) (5.24) (5.48)  (0.44)
Fertiizer ~ 1979-80to 8.93 8.71  2.23 2.55 -1.06 10.02 1112 -0.05
200304 (7.78) (6.05) (0:69) (1.49) (1.64) (7.09) (5.36) (1.24)
1979-80to  15.33 8.79  6.61 1.90 3.20 10.13 1517  0.44
199192 (567) (4.34) (023 (1.23) (2.23) (6.43) (4.11)  (1.53)
199192  3.74 1014 -1.67 2.70 -5.52 10.21 8.32 -1.12
t02003-04  (43g) (4.63) (-0-81) (1.61) (-0.23) (5.24) (5.48)  (0.44)
Paper&pulp 1979-80t0 6.47 7.08  1.62 2.12 -0.61 4.86 -0.14  -0.002
200304 (7.78) (6.05) (0:69) (1.49) (1.64) (7.09) (1.24)  (1.24)
1979-80to  7.79 7.38  1.70 2.28 -0.60 471 0.64 0.64
199192 (567) (4.34) (023 (1.23) (2.23) (6.43) (1.53)  (1.53)
199192 450 658  1.21 2.48 -1.83 3.02 0.94 0.58
t02003-04  (43g) (4.63) (-0-81) (1.61) (-0.23) (5.24) (0.44)  (0.44)
Glass 1979-80to 6.19 952  -0.32 1.52 -3.08 7.18 10.06  -0.104
200304 (7.78) (6.05) (0:69) (1.49) (1.64) (7.09) (5.36) (1.24)
1979-80t0 10.34 0.23 153 -0.50 2.39 8.92 6.36 -0.09
199192 (567) (4.34) (023 (1.23) (2.23) (6.43) (4.11)  (1.53)
199192  4.76 0.09  -0.26 2.80 -5.27 5.30 1252  -0.68
t02003-04  (43g) (4.63) (-0-81) (1.61) (-0.23) (5.24) (5.48)  (0.44)
# Growth rates for the entire period are obtained fom semi-log trend.
# # Figures in the parenthesis indicate growth rate of respective parameters in aggregate
manufacturing.
Source: Own estimate.
Table -3: Contribution of TFPG to output growth under liberalized trade regime
Industry Contribution Phase 1 Phase 2 Phase 3 Phase 4 Pre- Post-reform Entire
of TFPG and (19798010 (1986-87to  (1992-93  (1998-99 reform  period period
inputs - 10 .g51gg) 9192 t0'97-98) t02003-04)  Period - (19919210 (197980
output (1979-80  2003-04) 150304
growth to 1991-
‘92)
Cement Output 11.05 9.93 6.03 4.75 1049  5.74 7.94
growth
Contribution  10.05 8.74 5.12 5.29 9.62 4.73 7.944
Of'c\ﬁﬁt (95.02%) (88.02%) (84.91%)  (111.37%) (91.71%) (82.35%) (100.054%)
gro
Contribution  0.55 1.19 0.91 -0.54 0.87 1.013 -0.0043
of TFPG (4.98%) (11.98%) (15.090%)  (-11.37%) (8.29%)  (17.65%)  (-0.054%)
Aluminium  Output 5.89 6.65 -3.66 -1.23 6.27 -2.20 5.21
growth
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Contribution
of Input
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Contribution
of TFPG

Output
growth

Contribution
of Input
growth

Contribution
of TFPG

Output
growth

Contribution
of Input
growth

Contribution
of TFPG

Output
growth

Contribution
of Input
growth

Contribution
of TFPG

Output
growth

Contribution
of Input
growth

Contribution
of TFPG

Output
growth

Contribution
of Input
growth

Contribution
of TFPG

3.09
(52.46 %)

2.80
(47.53%)
4.43

3.69
(83.21%)

0.74
(16.79%)

7.29

7.64
(104.80%)

-0.35
(-4.80%)
3.67

3.95
(107.63%)

-0.28
(-7.63%)
6.38

467
(73.2%)

1.71
(26.80)
7.92

8.38
(105.81%)

-0.46
(-5.81%)

10.19
(153.23%)

-3.54
(-53.23%)
7.33

6.51
(88.81%)

0.82
(11.19%)
8.06

6.4
(79.40%)

1.66
(20.60%)
26.99

25.82
(95.66%)

1.17
(4.34%)
9.40

9.83
(104.58%)

-0.43
(-4.58)
12.77

12.48
(97.73%)

0.29
(2.27%)

-5.41
(-147.81%)

1.75
(47.81%)
7.79

7.09
(90.98%)

0.70
(9.02%)
9.15

11.04
(111.59%)

-1.06
(-11.59%)
7.09

7.43
(100.46%)

-0.34
(-0.46%)
5.70

5.55
(97.37%)

0.15
(2.63)
2.62

1.86
(70.999%)

0.76
(29.01%)

-0.18
(-14.63%)

-1.05
(-85.37%)
6.91

6.2
(89.67%)

0.71
(10.33%)
5.20

5.74
(110.38%)

-0.54
(-10.38%)
-2.05

-1.30
(63.41%)

-0.75
(36.59%)
2.72

3.43
(100.71%)

-0.71
(-26.10)
2.86

2.25
(78.67%)

0.61
(21.33%)

6.64
(105.9%)

-0.37
(-5.90%)
6.29

5.72
(91.02%)

0.57
(8.98%)
8.04

7.39
(91.92%)

0.65
(8.08%)
15.33

14.89
(97.13%)

0.44
(2.87%)
7.79

7.15
(91.78%)

0.64
(8.22%)
10.34

10.43
(100.87%)

-0.09
(0.87 %)
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-2.23
(-101.36%)

0.03
(1.36%)
6.9

6.42
(93.1%)

0.48
(6.90%)
7.68

8.0
(104.17%)

-0.32
(-4.17%)
3.74

4.86
(127.08%)

-1.12
(-27.08%)
45

3.56
(79.11%)

0.94
(20.89%)
4.76

5.44
(114.29%)

-0.68
(-14.29%)

5.32
(102.11%)

-0.11
(-2.11%)
6.76

6.89
(101.92%)

-0.13
(-1.92%)
7.61

7.68
(100.92%)

-0.07
(-0.92%)
8.93

8.98
(127.63%)

-0.05
(-27.63%)
6.47

6.472
(100.03%)

-0.002
(-0.03%)
6.19

6.29
(101.62%)

-0.10
(-1.62%)

Source: Own estimate
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