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Abstract:

This article tries to assess total factor prodiistiperformance and efficiency growth pattern fenent
industry in India for the period, 1979-80 to 2008-Malmquist Data Envelopment Analysis (DEA) has
been adopted to estimate different performance mesasviz. productivity growth, technological change
and technical efficiency change for the entire qubrWe have observed that there is an acceleréng in
productivity during post-reform period. Industrysalexperienced increase in technological progriesgya
with stagnation in technical efficiency. It was falin this study that the increasing technical geaalong
with non- responding technical efficiency changeevihe main ingredients responsible for accelegatin
productivity change in India’s cement industry. Mover, the results allow us to conclude that gnask
up and growth in output, foreign direct investmg@¥dI) variables have significant positive impacttotal
factor productivity growth but openness impactedatiwely which is beyond our expectation. In thestsr,
there is an urgent need to improve both technifigiency and technological progress.

Key words: Cement, India, Industry, Total Factor Productivityalmquist Index, technical change,
efficiency change.

1. Introduction:

In recent years, the factors affecting economievtinan developing countries have been receivingvwing
attention. Productivity has long been accepted ragragine of economic growth and determinants of
international competitiveness. A higher growth intput due to growth in total factor productivity is
preferred to an input driven growth as inputs arbjected to diminishing return. Since the adveint o
gradual economic liberalization from the 1980s d@hd overhauling of thdicense rajregime in the
1991-92, Indian economy has been on a higher grdvefectory. Indian industries also have been
witnessing profound changes in the basic paramgtamsrning its structure and functioning with ecano
reforms initiated in 1991.Dramatic and substardie@nges have taken place that encouraged compatitio
the industry by gradual dismantling of licensinder reduction in tariff rates, removal of restioct on
import of raw materials and technology, price dean rationalization of customs and excise duty,
enhancement of the limit of foreign equity partatipn etc. India’s annual growth rate acceleratechfa
moderate rate of 3.5 percent till 1980s to oveefitent per annum by 2005. The rising growth pathias/
been attributed to extensive reforms in trade d$ ageindustrial policies and supplemented by esiten
changes in rules and regulations governing thenéi@h sector. The emphasis on gradualism and
evolutionary transition rather than rapid restructy (Ahluwalia, 1994) as the underlying featurdradia’s
economic reforms and consequent growth momentumideh$o large number of research engagements
with Indian economy both in India and abroad tryiagnalyze the underlying growth trends brougloiuab
by economic policy reforms.

Impact of economic reforms on manufacturing pidibity has been a subject of research inquiry but
the findings are controversial and inconclusiveah8ugh there exists voluminous empirical researorkw
regarding nexus between trade liberalization antbfgproductivity growth, overviews on the link tueten
liberalization and TFPG find inadequate evidencdhis issue. Moreover, it has been found that algiio
there have been a large volume of studies carnagbon productivity growth, relatively a small nuentof
studies have been conducted so far in India reggusburces of productivity growth. The Malmquisdéx
decomposes the total productivity growth into ‘@fincy change’ and ‘technical progress’. TFP can be
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increased by using its existing technology anddiaittputs more efficiently which is termed as ‘eifincy
change’. The TFP of an industry may enhance if ithdustry adopts innovations or technological
improvements, which is referred to as ‘technologatange’. Therefore, changes in TFP from one plerio
to the next are the products of both efficiencyngeand technological progress. Most previous studi
conducted in India have failed to consider the sesirof such changes in productivity growth. Thisdgt
has been motivated by the generally neglect ofiseae of technical efficiency while considering the
appropriateness of the economic reforms in prorggtioductivity and growth of an economy. Past ssdi
on the impact of trade policy reforms of Indian mfatturing sector also neglected the issue ofiefiicy.
The issue of efficiency is relevant because if finefncy exists and is ignored, productivity growtb
longer tells us anything about technical chaneother motivation for this study is the issue of
measurement and aggregation problems that are iaiezbavith the use of parametric approach to
measuring technical efficiency and TFPG. Tybout9g)9has argued that most of the assumptions upon
which residual based methods of measuring totabfgmroductivity growth are unrealistic particulaih
developing countries which are characterized biglitigs and distortions. It is against this backuthat
this study employs a non-parametric approach $o0 agercome some of these difficulties.

In particular, the study attempts to quantifg tbources of productivity growth in India’s cement
industry. Therefore, the objective of the studytds measure productivity growth by decomposing it
into technical change and technical efficiency d®ain India’s cement industry. Specifically, thisidy
tries to quantify the level of technical efficieneyd technical change in this particular manuféogur
sector and examines the determinants of TFPG.

The paper is structured as follows: the methoglplto estimate productivity growth by Malmquist
productivity index is depicted in Section 2. Theui of productivity growth in India’s cement indosis
evaluated in Section 3. Section 4 analyses detamtsnof TFPG and section 5 depicts summary and
conclusion.

2. Methodology:
2.1. Description of data and measurement of vadgabl

The present study is based on industry-level tieres data taken from several issues of Annual &uo¥
Industries, National Accounts Statisti€MIE and Economic Survey, Statistical Abstracts (sevssaes),
RBI Bulletin on Currency and Finance, Handbook ofiStias on Indian Economy, and Office of Economic
Advisor, Ministry of Industry etc covering a periad 30 years commencing from 1979-80 to 2008-09.
Selection of time period is largely guided by aahility of data® In the ASI, the cement industry is
conveniently classified under 2 sub-sectors forchwgonsistent data are available, at three anddigitr
industrial classification levels. The study usesadeom the annual reports of 2 leading sub sectbthe
industry comprising of 32 firms to observe theirfpemances since1979-80.The data were also takem fr
PROWESSIatabaseGMIE), which provides balance sheet of the companiestezgd with the Bombay
Stock Exchange. Selection of time period is largglided by availability of data.

The output in the current model is the modified sgrovalue of output(y) defined as the total output
produced by the firm. In order to avoid over estioradue to ignoring contribution of material inpor
TFP, a third variable of intermediate inputs [mialemcluding energy input (Appendix-1)] has been

2 Till 1988 — 89, the classification of industriedléaved in ASI was based on the National Industdalssification
1970 (NIC 1970). The switch to the NIC-1987 fromB2P0 and also switch to NIC1998 requires some miadc
Considering NIC1987 as base and further NIC 199Baa®, cement industry has been merged accordiglyprice
correction of variable, wholesale price indicesetakrom official publication of CMIE have been usidconstruct
deflators.

® Earlier studies that have not treated materidliing energy as separate factor of production fhited to pick-up
significant economies that are likely to generatthie use of such input. Jorgenson (1988) has wdénat in a three
input production framework, the contribution ofenhediate inputs like material, energy etc. araifimant sources of
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incorporated in the value-added function as sucbbtain gross output. Pradhan and Barik (1999)egu
that the gross output, instead of value added,appe be the appropriate choice of TFPG estimation
India. Generally, TFP growth estimates based onevatided terms are over estimated since they ighere
contribution of intermediate inputs on productivitsowth (Sharma, 1999). Therefore, modified grasse
of output so calculated has been used as a meafsatgput suitably deflated by wholesale price aé
manufactured and material, labour and fixed capitatks are our aggregate input proxies. Total rarob
persons engaged in India’s cement industry is aseml measure of labor inputs as is reported inwAfi¢h
includes production workers and non-production wosklike administrative, technical and clericalffsta
(Goldar, 2004). Deflated gross fixed capital statkl981-82 prices is taken as the measure ofatapit
input. The estimates are based on perpetual inemethod“P"®"®**2) and following the same line as
adopted in deflating energy input, the reportedeseon materials has been deflated to obtain nadteri
inputs at constant prices.

To verify the extent to which Indian cement iatty is engaged in international trade, we havaiobd
figure for trade openness [(Import + export)/ Grossl output values of the domestic industrieshde
openness has been calculated from data availa@tatistical Abstract & ASI. FDI incorporates thmegort
of capital goods by the multinational corporatidNCs) and the transfer of managerial and technical
skills resulting from the link between parent comipa and local subsidiaries of MNCs. The figures fo
FDI over our study period have been collected fieamdbook of Statistics on Indian Economy, Statidtic
Abstracts and World Development Report.

This paper covers a period of 30 years from 1800to 2008-09.The entire period is sub-dividea int
two phases as pre-reform period (1979 -80 to 1991ahd post-reform period (1991-92 to 2008-09),
sub-division of period being taken logically asIsuc assess conveniently the impact of liberakiwatn
TFPG .

2.2. Econometric specification:
Malmquist TFP Index:

Productivity change over time is an indicator oé gherformance of an industry. In order to assess th
performance of the Indian cement industry, the Mplist (output-based) productivity index (MPI) wile
used to measure the productivity change and tomdpose this productivity change into the technical
change index (TECHCH) and the technical efficieobgnge index (EFFCH). And technical efficiency
changes was further decomposed into pure techaitialency (PEEFCH) and scale efficiency (SECH)
components using the Data Envelopment Analysis (DieEsinework of Faret al(1994).

Data Envelopment Analysis is a linear-prograngninethodology where we use input and output data
for Decision Making Units (DMU). In our study, eashctor is a Decision Making Unit (DMU). The DEA
methodology was initiated by Charnes et al. (19¥Bd built it on the frontier concept started by étar
(1957). The methodology used in this paper is basedhe work of Fare et. al. (1994) and Coelli et.
al.(1998). We have used the DEA- Malmquist Indexcaétculate the total factor productivity growth in
Indian cement industry. The Malmquist TFP Index sugas change in total output relative to input.sThi
idea was developed by a Swedish statistician Malsa@953). It is a suitable methodology because of
following reasons (Mahadevan, 2001). First, theadatvelopment analysis approach is an improvement
over Translog index approach. In Translog approtezthnical inefficiency is ignored and it calcuatnly
technical change which is wrongly interpreted a$ rowth. But, in the literature of DEA productiyit
total factor productivity growth (TFPG) is composafttechnical change and technical efficiency. $€¢o
DEA also identifies the sources of TFP growth whigh help the policy makers to identify the spécif
source of low TFP growth. Another advantage of rmwametric nature of DEA is that it reveals best
practice frontier rather than central tendency proes of frontier. In DEA, there is also no neeckstimate
any production function. It only requires data ihjpnd output quantities and price data is not ngdde

output growth.
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determine appropriate weights as is necessary wiitier econometric or index number approaches
(Lambert and Parker 1998). This Malmquist produitiilndex can be decomposed into efficiency change,
technical change and total factor productivity gttomfotal factor productivity growth is geometriean of
efficiency change and technical change. We havd tlse DEAP 2.1 software developed by Coelli (1996)
to compute these indices.

Following Fare et al. (1994) among others, thipooriented Malmquist productivity change indeid w
be adopted for this study. Output orientation iefier the emphasis on the equi-proportionate inerehs
outputs, within the context of a given level of inpThe output based Malmquist productivity chamgkex
may be formulated as:

Y QAR S A Il R (VAR o WA o R (V' I » A (VAR ot W o R (VY ) i —— (1)

Where M is the productivity of most recent prodactipoint (xt+1,yt+1) relative to earlier production
point(X,y).D’s are output distance functions. Thus, a vajusater than unity will indicate positive factor
productivity growth between two periods. Followigre et.al(1994), an equivalent way of writing this
index is :

Mj t-‘—l( yt+l! XHl! )}! Xt):DjHI (yHl! Xt+l) / DJ'l (ytv Xt) )([DJt (yt+lv Xt+l) / D]l+l (yt+l! XH.:L))(D]'t (y[v Xt) /D] l-‘-:L(yta
Xt)]l/Z (2)

In equation (2),the ratio outside the bracketsjisaéto the change of technical efficiency betweand t+1.

In other words, it represents the change in thative distance of the observed production from the
maximum potential production. The components ingigebracket of equation (2) is the geometric mafan
the two productivity indices and represent thetshifproduction technologies (technical changeeen
time t and t+1.

That is:
Technical Efficiency change (EFFCHBF*" (y*, X**) / D' (¥, X) ®3)
Technical change (TECHCH)®[' (y**, ¥**) / D' (y**, X*) X D' (', X) /D, " (!, )] Y2--mmmmm oo (4)

Efficiency change in equation (3) can further beaieposed as the product of two components- pure
efficiency change and scale efficiency change Hevis (Fare et.al,1994):

D (v, X™) = D" (™, X™) 1 D (¢!, ¥) X [D5" (v, X™) 1 D' (¢, X) X Df (¢, ¥) / O (¢, X“)l)]
(5
\

The ratio outside the brackets in equation (5)es@nts the pure efficiency change, subject to tardis
function (Q) between time t and t+1 and is denoted by PECHddftar. In other word,

Pure Technological Efficiency Change (PECH)E™ (y™*, X**) / D' (v}, X) (6)

The components inside the brackets of equatiorefifesents effect of optimal size and not econsmie
scale on productivity and is expressed as SECH lwhan be readily derived by dividing EFFCH of
equation(3) by PECH of equation(6) and would noeblae its own contribution of additional distance
functions. Therefore, Scale Efficiency Change (SEEHFFCH / PECH ~

After incorporating equation (5) to (7) in equati@), we obtain the complete decomposition of MPI .
MPI=(EFFCH) x (TECHCH).

Therefore, we can decompose the total factor ptodiycgrowth in following way as well.

MPI = Technical Efficiency Change X Technical chang
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(Catching up effect) (Frontier Effec

MPI is the product of measure of efficiency mpa (catching up effect) at current peribénd
previous period (average geometrically) and a technical changentigp effect) as measured by shift in a
frontier over the same period. Technical efficiemtyange (Catch up) measures the change in efficienc
between current (t) and next (t+1) period, whileht®logical change (innovation) captures the ghift
frontier technology. The catching up effect measuhat how much a firm is close to the frontier by
capturing extent of diffusion of technology or kredge of technology use. On the other side frontier
effect measures the movement of frontier betweengeriods with regards to rate of technology adwopti

As expressed by Squires and Raid (2004), teoliwal change is the development of new product or
development of new technologies that allows mettafdsroduction to improve  and results in shifting
upward of production frontier. More specificallygctnological change includes both new production
processes, called process innovation and discoskemyew products, called product innovation. With
process innovation, firms figure out more efficiemys of making existing products allowing outpait t
grow at a faster rate than economic inputs are igipwhich initiates decline in cost of productioneo
time. As producers gain experience at producingetbimg, they become more or more experience in
it .Labour finds new way of doing things so thdati@ely minor modifications to plant and procedsin
contribute to higher levels of productivity.

The DEA-Malmquist TFP Index does not assume dliahe firms or sectors are efficient so, therefo
any firm or sector can be performing less thandffieient frontier. In this methodology, we will e@she
output oriented analysis because most of the fam sectors have their objective to maximize output
the form of revenue or profit. It is also assurtteat there is constant return to scale (CRS) tdolgyao
estimate distance functions for calculating MalnsgdiFP index and if technology exhibits constatiine
to scale , the input based and output based MabhqWP Index will provide the same measure of
productivity change.

Another merit of defining the MPI using the outtpdistance function Ds that the MPI and its
corresponding components (EFFCH, PECH,SECH,TECH&EI)ll calculated in an index form and have
a threshold value of one. In other words, if a\d=tivalue is equal to one, it indicates that austg’s
performance remains unchanged in that performaneasure. A value greater than one represents an
improvement and a value less than one indicatexineé. The product of index components of TECHCH,
PECH and SECH amounts to final MPI.

To determine the final MPI, a close examinat@fnequation (2) and (5) reveal that we have to
compute TECHCH, EFFCH and PECH and then derive SBZHividing EFFCH by PECH .Each output
distance function corresponds to one particulapuutoriented DEA linear programming .Among
TECHCH, EFFCH and PECH, there are six output degannctions and thus a total of six different DEA
models have to be formulated and solved:

D(y™, X™), D™ (y", X)), D (y', X), D' (y"™, X™), Dy (¥, X™) . D (¥, X ) -9

It should be mentioned that the returns to spedperties of technology is very important in td&ctor
productivity measurement as far as Malmquist ingegoncerned. Malmaquist index might not correctly
measure TFP changes when variable returns to ¢88) assumed for the technology as Grifell-Tatjd a
Lovell, 1996, illustrated. Therefore, it is impamtato impose constant returns to scale (CRS) on any
technology which is used to estimate distance fanstregarding the calculation of Malmquist TFPdard

3. Empirical results of Malmquist TFP growth:

In this section, we will discuss the productivithamge of cement industry in India, measured by
Malmquist Total Factor Productivity (TFPCH) Indemdaassign the changes in total factor productitaty
technological change (TECHCH) and efficiency cha¢igleFCH). We have also attempted to attribute any
change in efficiency (EFFCH) to change in pure técdl efficiency (PECH) and /or scale efficiency
15|Page
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change (SECH). The summary of annual means of TFHEE@HCH and EFFCH for the entire period is
presented in table 2.Year 1979-80 being the iniiadl reference year, the Malmquist TFPCH and its
components take an initial score of 1 for the yE##9-80.

[Insert Table-1Irdle

The Malmquist result suggests that India’s cemedtistry exhibits positive growth rate of 0.88% dugri
pre-reform period (1980-81 to 1991-92) and the dghorate has further accelerated during the posirmef
period which is estimated to be 2.22% . Cementosdtds exhibited a slight efficiency improvemermainfr
-0.39% in pre-reform period to -0.06% during paferm period which is an indication of efficiency
change in positive direction during post-reformipeér From table 1, it is apparent that technoldgica
changes in cement sector have accelerated alsogdooist- reform period (1991-92 to 2008-09) at 2622
from a positive growth rate of 0.88% as has beédeseed in pre- reform period.

[Insert Table-2dje

A summary description of the average performanaeach sub sector for the period, 1979-80 to 2008-09
revealed in Table -2. As mentioned earlier, if théue of the Malmquist index or any of its compiatse

is less than unity, this denotes a deterioratiopérformance, whereas values greater than unitptden
improvement in the relevant performance. The lim& of table-2 shows that for the entire sampleann
average, productivity increased slightly over tBeyBars studied. The growth in TFP acceleratechdutie
entire period on an average 0.30%.The improvenmegtawth is largely due to the effect of technotag)i
innovation (TECHCH) which also increased by 0.3%eraas technical efficiency remains stagnated
during this time period. This result reveals thateeration in the industry’'s TFPG is due to their
productivity based frontier capability. On the atlséde, it can be said that since the technicahghas
more than unity, it has a favourable effect ondkerall TFP growth. The overall technical changehia
industry is more than 1 which is a main reasonaiegmenting the total factor productivity for cement
sector. Technical efficiency change is the restilpure technical efficiency change and scale efficy
change. With regards to pure efficiency changis, @ne or more than one in most of years. In chSzale
efficiency change, value close to unity shows thamost of the years, industry is operating at raptin
scale. Therefore, both Scale efficiency and purkrtieal efficiency have contributed to the improwsrhin
Technical efficiency.

[Insert Table-3 Here

Table3 above presents that total factor produgtigiowth during pre-reform period shows positivePTF
growth rate which is posted as at 1.06% and in-lilostalization period, it further enhanced to &5
Table 3 displays the average growth rates of EFFOECHCH and TFP(in percentage term) in each
sub-sector of India’s cement industry. Table 3siitates that the overall growth rate of TFP istslig
increasing in the post-reform period (1.55 %) tiamhe pre-reform period (1.06%). Cement, lime and
plaster sector (sub-sector 1) evidenced positive §fowth in the post-reform period, whereas theesam
sub-sector (1) had negative TFP growth in the pferm period. Only sub sector 2 (Asbestos cemett an
other cement products) evidenced positive and @sing TFP growth in both periods. In the post-nefor
period, TECHCH increases abruptly in positive fashand EFFCH slightly decreases. As a result, since
there was increase in TECHCH, it results in a mbdesease in TFP. After economic reform, slight
efficiency improvement is noticed in sub sector Heveas sub sector 2 shows slight decline in effayie
change. But, all sub-sectors display technical fgegduring post-reforms period.

4. Determinants of TFPG:
After calculating the TFP growth in Indian cememdustry at sub sectors level, it is our prime ofdjecto
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determine the determinants which are responsibl&F® growth in the said industry. In our study, heve
utilized growth in output and gross mark up as ingoa@t determinants of TFP growth. Recent literature
stresses the importance of foreign sources of alagst determinants of TFP growth.( for instances @od
Helpman,1995; Crespo, Martin and Valazquez,2002i8as and Zachriadis,2005). Therefore, we have
incorporated FDI and trade openness as explanatmigbles in our model. We regress the values for
growth in TFP measured using Malmquist index omldrapenness, FDI, gross mark up and growth in
output and subsequently we regress the valuesrfavtly in TECHCH and EFFCH on these explanatory
variables.

30 30 30 30
TFPG =+ Y aPPEN+> aFDI+) aGOr> aGMUR DUMLIE
TECHCH;, -'B+,> asOPEN+)" a FDM > a GOy a GMUR DUMLII
EFFCH; .- B+ YT&OPEN+ Y>™a FDI+ Y™a GO+ Y™'a GMUR DUMLIt
Trade Opennes§tatio (OPEN) Sfimport+ Exjyort] / @reotdi output values of the domestic industries

GO represents growth in output and FDI is the gfossign direct investment.
Gross-mark-up (GMUP)=Gross value added minus &tallument / Gross output

DUMLIB =Dummy variable of the post liberalizatiorfod (taking value one for 1991-92 and onward and
zero for earlier years).

Helpman (1991) and Eaton& Kortum (2001) hypothesiteat direct import of capital and intermediate
goods is a channel of transmission of foreign tetdgy and consequently eventual growth in TFP.Un o
study, trade openness has a significant negatilteevamplying that high levels of imports and exgor
negatively impacted TFP growth over the entire wtpdriod. Negative coefficients of openness only
explain -0.0143% of the growth in TFP.This meara trade openness is not the main factor affedtirg.

On the other hand, FDI has significant positive aetpon TFP growth. This means that FDI is cruaial f
capital accumulation as well as it guarantees gty growth. Externally developed technology and
production methods coupled with foreign policy imiives have been a more important determinant of
productivity growth. FDI played positive role inctenology change but negligible role in efficiendyaage.
Openness has a significant negative value forieff@y change but is insignificant in explainingheical
change.

[Insert Table-4 @r

Significant positive association between GM and GHP noticed in our estimate in table-4 implyingith
with the increase in TFPG, gross mark up enhar8iesilar significant association is observed between
gross mark-up and efficiency change but gross mprkas insignificant negative impact on technolahbic
changes. A significant positive relationship betwemitput growth and TFP growth is evident from our
analysis which indicates that with the growing @egof output, productivity is gradually increasétie
coefficient of liberalization dummy is found to begative and statistically insignificant equation-IThis
variable, when incorporated into the equation alitg other explanatory variables, captures theefffetct

of all factors connected with economic reforms othan those which are directly included in theattpn.

5. Summary and conclusions:

This study attempted to examine the sources adymtivity growth in India’s cement industry ovéret
sample period 1979-80-2008-09 by applying Malmgpisductivity index. The result suggests that there
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an accelerating trend in productivity growth durimast-reform period. TFP growth is mainly contrialit
by technical change and not by efficiency changerddver, Gross mark up and growth in output, FDI
variables have significant positive impact on tof@attor productivity growth but openness impacted
negatively which is beyond our expectation. Thesen¢ study makes important contribution to the
literature on growth empirics in India.

There are some limitations in the study which uithobe addressed in further research. First,
improvement in the research regarding productigitgwth in India’'s cement sector may be achieved
through adopting a better measure of capital, whkbuld properly reflect the flow of capital input
adjusted by the quality of its stock. In this casmlacement value of capital stock corrected &gital
utilization should be chosen for more convincingalgsis. Second, number of employees should be
adjusted by labor quality to have an accurate nreasfuabor input. Finally, the results of TFP gtbovend
technical progress could be significantly improvkedore data is available and included in compotati
procedure.

The research suggests that the cement industhgdia must augment total factor productivity and
attempts should be made to present a stable pattehe productivity growth. In this sector, thésean
urgent need to improve both technical efficiencyd atechnological progress. Development of a
comprehensive plan for modernization of all exigtee@ment plants, especially mini plants should ikerg
priority in order to be competitive in global peestive.
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Appendix:

Appendix: A-1 Energy Inputs: - Industry level time series data on cost of fuelrafian cement sector
have been deflated by suitable deflator (base B282-100) to get real energy inputs. An input otitable
provides the purchase made by manufacturing ingdistm input output sectors. These transactions are
used as the basis to construct weight and thenhtezlcgaverage of price index of different sectormaken.
Taking into consideration 115 sector input -outiaktle (98-99) prepared by CSO, the energy defliator
formed as a weighted average of price indices &oious input-output sectors which considers theeagps
incurred by manufacturing industries on coal, detrm products and electricity as given in I-O tafde
1998-99. The WIP indices (based 1981- 82) of CBatroleum and Electricity have been used for these
three categories of energy inputs. The columnshi dbsorption matrix for 66 sectors belonging to
manufacturing (33- 98) have been added togetheittmdum so obtained is the price of energy made by
the manufacturing industries from various sectdise column for the relevant sector in the absorptio
matrix provides the weights used.

Appendix: A-2 Capital Stock: - The procedure for the arriving at capital stockieseis depicted as
follows:

First, an implicit deflator for capital stock isrfoed on NFCS at current and constant prices gineyAS.
The base is shifted to 1981-82 to be consisteft thig price of inputs and output.

Second, an estimate of net fixed capital stock (Hffor the registered manufacturing sector for 1370
(benchmark) is taken from National Accounts Stiasstlt is multiplied by a gross-net factor to get
estimate of gross fixed capital stock (GFCS) fa flear 1970-71. The rate of gross to net fixedtasse
available from RBI bulletin was 1.86 in 1970-71 foedium and large public Ltd. companies. Therefore,
the NFCS for the registered manufacturing for temdhmark year (1970-71) as reported in NAS is
multiplied by 1.86 to get an estimate of GFCS whgHeflated by implicit deflator at 1981-82 priweget
it in real figure. In order to obtain benchmarkimstte of gross real fixed capital stock made fgistered
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manufacturing, it is distributed among various tdigit industries (in our study, cement industry) in
proportion of its fixed capital stock reported ik 1970-71)

Third, from ASI data, gross investment in fixed italpin cement industries is computed for each ymar

subtracting the book value of fixed in previousryigam that in the current year and adding to figire
the reported depreciation on fixed asset in caryemr. (Symbolically, (/= @;- B.1 + D; ) / Pt) and

subsequently

it id deflated by the implicit defiato get real gross investment.

Fourth, the post benchmark real gross fixed captiatk is arrived at by the following procedure.aRe
gross fixed capital stock (t) = real gross fixegital stock (t — 1) + real gross investment (t)eTdnnual
rate of discarding of capital stock {pPis assumed to be zero due to difficulty in obitaindata regarding

Dst.

Table — 1:Change in total factor productivity and its componets

Pre reforms period (1979-80) Post reforms peric8l{192 to 2008-09)
YEAR | Compments  of| Components o Components ol Components 0
TFPG Technical TFPG Technical Efficiency|
Efficiency Change
Change
EFFCH | TECH | PECH SECH| MTFPCH EFFCH | TECHC | PECH SECH MTFPC
CH YEAR H H
1979-80| 1 1 1 1 1 1991-92 | 0.948 1.148 1.000 0.948 1.088
80-81 1.000 1.060| 1.000 1.000 | 1.060 92-93 1.036 1.029 1.000 1.036 1.066
81-82 1.000 0.981| 1.000 1.000 0.981 93-94 1.018 | 0.942 1.000 1.018 0.959
82-83 1.000 1.043| 1.000 1.000 1.043 94-95 1.001 | 1.878 1.000 1.001 1.879
83-84 0.983 1.014 | 1.000 0.983| 0.997 95-96 0.986 | 0.907 1.000 0.986 0.894
84-85 0.988 | 1.231 | 0.999 0.989 | 1.216 96-97 1.014 0.987 1.000 1.014 1.001
85-86 1.029 0.948 | 1.001 1.028| 0.976 97-98 1.000 0.906 1.000 1.000 0.906
86-87 0.993 0.869 | 1.000 0.993| 0.862 98-99 0.982 | 0.965 1.000 0.982 0.948
87-88 1.007 1.033 | 1.000 1.007| 1.040 99-'00 1.017 1.013 1.000 1.017 1.030
88-89 0.966 | 0.987 | 1.000 0.966 | 0.954 00-01 1.001 0.992 1.000 1.001 0.993
89-90 1.035 | 0.983 | 1.000 1.035 | 1.017 01-02 1.000 | 0.934 1.000 1.000 0.934
90-91 1.000 0.881 | 1.000 1.000 | 0.881 02-03 1.000 | 0.989 1.000 1.000 0.989
91-92 0.948 1.148 | 1.000 0.948 | 1.088 03-04 1.000 1.024 1.000 1.000 1.024
04-05 1.000 0.894 1.000 1.000 0.894
05-06 1.000 | 0.989 1.000 1.000 0.989
06-07 0.994 0.939 1.000 0.994 0.934
07-08 1.006 1.042 1.000 1.006 1.049
08-09 0.987 0.833 1.000 0.987 0.822
Mean 0.9961 1.0137 1 0.9961 1.0088 Mean 0.9994 83.22| 1 0.9994 1.0222

Source: estimated by author.
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Table — 2: Mean efficiency growth rate of Individua sub sector over time (:1979-80 to 2008-09)

Sub sector EFFCH TECHCH MTFPCH
1. Cement, lime and plaster 0.999 0.986 0.985
2. Asbestos cement and other cement products 1.000 1.021 1.021
Mean 1.000 1.003 1.003

[Note that all Malmquist index averages are geoimeteans]

Table — 3:Growth rate of Malmquist productivity, technical change and technical efficiency change

Sub sector

Pre-reform period
(1979 -80 to 1991 — 92)

Post- reform period

(1991 —92 to 2008 —09)

Entire period
(1979-80 to 2008 — 09)

EFFCH| TECHCH | MTFPCH | EFFCH | TECHCH | MTFPCH | EFFCH | TECHCH | MTFPCH
1.Cementlime and-0.78 -0.60 -1.36 -0.09 0.53 0.44 -0.05 -0.15 -0.18
plaster
2.Asbestos cement0.069 3.49 3.48 0.01 4.26 4.28 0.04 3.27 3.28
and other cement
products
Mean -0.35 1.45 1. 06 -0.04 2.39 2. 36 -0.01 .56 1.55

Source: Own estimate
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Table — 4: Determinants of TFP, EFFCH, TECHCH
Variables Parametdineates
MTFPI(Equation-1) EFFCH(Equation-2) TECHCH(Equati®n
Intercept -0.0022 0.082 0.0792
(-0.215) (0.82) (0.77)
Trade Openness -0.0143 -0.718 -0.726
(-2.108) (-2.54) (-0.55)
FDI 0.04 0.0239 0.0213
(3.16) (1.52) (2.049)
Growth in Output 0.00019 0.000154 -0.0043
(2.82) (0.066) (-1.87)
Gross Mark-up 0.0783 0.21 -0.1109
(2.34) (2.091) (0.048)
Dumlib -0.9938 1.11 1.10
(-45.44) (5.04) (5.03)
R 0.66 0.38 0.38

Source: Own estimate
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