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Abstract

The Indian textiles industry is now at the crossroads withghasing out of
guota regime that prevailed under the Multi-Fiber Agreen{®t-A) until the end
of 2004. In the face of a full integration of the textiles sedh the WTO, main-
taining and enhancing productive efficiency is a precoadifor competitiveness
of the Indian firms in the new liberalized world market. Inglpaper we use data
obtained from the Annual Survey of Industries for a numbeyexdrs to measure
the levels of technical efficiency in the Indian textilesustty at the firm level.
We use both a grand frontier applicable to all firms and a grfooptier specific
to firms from any individual state, ownership, or organiaattype in order to
evaluate their efficiencies. This permits us to separatentify how locational,
proprietary, and organizational characteristics of a fiffad its performance.

Journal of Economic Literature Classification: L67, C61

Keywords: Data Envelopment Analysis; Meta-Frontier; Technology<€lo
ness ratio



TECHNICAL EFFICIENCY IN THE INDIAN TEXTILESINDUSTRY::
A NONPARAMETRIC ANALYSISOF FIRM-LEVEL DATA

Anup Kumar Bhandari
Indian Statistical Institute, Kolkata, India
Subhash C. Ray
University of Connecticut, Storrs, CT USA

Introduction

The Multi-Fiber Agreement (MFA) introduced in 1974 exempted intewnatitrade in
textiles and garments from the broad regulations of GATT and edlogountries to
impose bilateral quotas on import of various categories of temptdelucts. Designed
primarily as a way to protect producers from the developed worlshstgeompetition
from cheaper imports from the developing countries, the MFA has evgnhesdn
phased out on January 1, 2005. This is a major change in the internaideadd¢enario
for textile manufacturers across the world offering opportunitegs pienetration into
markets that have been off limits under the previous regime whitbeasame time
posing threats of market loss in the face of competition from othertries. For India, in
particular, performance of the textile industry in this new aratee of major significance
for the economy as a whole. In 2000-01 the textiles industry accountaddot 4% of
the GDP, 14% of industrial production, 18% of total industrial employment2a¥gof
export earnings Maintaining and enhancing productive efficiency is a precondition for
competitiveness in the new liberalized world market. India had talatgrangements
under MFA with the developed countries like USA, Canada, countries dufapean
Union etc. Almost 70 per cent of India’s clothing exports have gone tajtiota
countries of USA and the European communities. However, the Agreemdrmxtles
and Clothing (ATC), 1995 of WTO envisages the dismantling of the MFA auen-
year period. Thus, after three decades textile industry hay feedin open to free
competition at the international level frorf dJanuary 2005. Thiadian textiles industry
is now at the crossroads with the phasing out of quota regime andltheedgration of
the textiles sector in the WTO. Most of the studies undertakestitoate the impact of
ATC expiry on textile trade share the finding that some Astamties are most likely to
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benefit from the dismantling of the quotas. They predict a substamtralse in market
shares for China and India (see Government of India, 2004-05, pp. 144, for some
discussion on this issue).

India has a natural competitive advantage in terms of a strongasge rhulti-
fiber base and abundant cheap skilled labor. However, with prices bgiagted to fall
in the post-quota regime presumably owing to increased internaticadd tand
competition, such an advantage may not be enough. Enhanced efficiency and
productivity are a must to meet this emerging challenge of globailpetition. It is
against this background that the performance of the Indian textites fneeds to be
examined rigorously.

In the pre-Reform decades numerous regulations enforced through rigid
bureaucratic control created permit-license Réajthat effectively stunted productivity
growth and inhibited technical efficiency in Indian manufacturing. &exipolicies like
reservation of production of a large number of items for the smialk ssector, high
customs tariffs distorting resource allocation and inhibiting thityabif Indian firms to
compete in the global markets, restrictions on capacity expanstaingng firms from
attaining efficient size, frictions faced in establishing anokialg down of firms in
response to normal competitive market dynamics and various distortieated by the
structure of domestic trade taxes and excise duties discourfgeeney and harmed
productivity growth. Introduction of various reforms and gradual liberatinaof both
domestic and international trade marked the beginning of the end dirtiee eegulatory
regime and a recognition of the urgency on the part of the Indian irduirbecome
efficient so as to be able to withstand successfully the pres$daogeign competition
(Government of India, 2000-01, pp. 149). Over the years several measures dave be
taken by the government to help domestic industries achieve effici€hege include
both financial measures such as rationalization of excise dultiesglization of tax laws
and rates, reduction in interest rates and so on, as well as suatapmeasures as those
meant to remove infrastructural constraints in the power, transpod a
telecommunications sectors.

So far as the structure of the textile industry is concernechritinues to be

predominantly cotton-based with about 65 per cent of raw material codsbeieg



cotton. It has three sub-sectors — mills, power looms and handlooms.tfEnéwa are
jointly considered under the heading ‘decentralized sector. Over #ags ythe
government has taken several steps to facilitate its growtlmadt granted many
concessions and incentives to the decentralized sector with thiethesuhe share of this
sector in total production has increased phenomenally. For example,timitdhare of
the mill sector in total fabric production was 76 per cent in 1950-54l) iib 38 per cent
in 1980-81 and further to just 4 per cent in 2001-02. The share of the dezedtssctor
rose correspondingly. In the decentralized sector, it is the powerslsoimsector that
has grown at a faster pace, producing as much as 76.8 per centaiathabric output
of this industry in 2001-02. The factors that have contributed to the fastogenent of
the power loom sector include government’s favorable policies on syntfaddric
industry as well as the ability of this sub-sector to introdwedlllity in the product mix
in line with the market situation. In the mid-1980’s, a new textilécpalas announced
to enable the industry to increase the supply of good quality clotfaswmable prices for
both domestic consumption and export. In addition, a Textile Modernization FUNR of |
7.5 billion was created to meet the modernization requirements ointhistry. In the
early 1990’s textile industry was de-licensed thereby abolishingetiigrement of prior
government approval to set up textile units including power looms. A Temnol
Upgradation Fund Scheme (TUFS) was also launched in 1999 to enablgtitbeutets
to take up modernization projects, by providing an interest subsidy on borrowings.
The objective of this paper is to measure technical efficiencipdiin textile
firms for selected years using DEA. We also use the concem mieta-frontier
production function introduced by Hayami (1969) and Hayami and Ruttan (1970, 1971)
to examine whether technology indeed varies among different locatensership
patterns, organizational patterns etc. of textile industry. Battesl Rao (2002) and
Battese, Rao and O’Donnell (2004) provide frameworks for such comparidoEis w
efficiency is measured using parametric stochastic fronteaets. Rao, O’'Donnell and
Battese (2003) provide both frameworks and an empirical application GGy
agricultural data on 97 countries, comprise of about 99 per cent of botlolul g
agricultural production as well as world population. They provide frameviar both

non-parametric DEA and parametric stochastic frontier methodeehsDas, Ray and



Nag (2007) use the concept dafeta-frontier as a national or grand frontier in a
nonparametric study of branch level labor-use efficiency of a npajolic sector bank in
India.

In this paper we use firm level data from several differears/®f the Annual
Survey of Industries (ASI) for the Indian textiles industry. The ahowss section data
are used to constructraeta-frontieras well as separate group-specific frontiers for firms
classified by regional location, type of ownership and organization Tyge permits us
to examine the proximity of any group frontier to tmeta-frontierand measure such
proximity by what we define as the technology closeness rati®)BEthe group. Most
of the existing studies of productivity and efficiency in Indian mastufeng whether at
the level of total manufacturing (e.g., Ray (1997, 2002), Ray and Mukh&Q&s)(
Mitra et al (2002), Krishna (2004)) or at the specific industry Iéeg]., Trivedi (2004),
Hashim (2004)) use state-level data. Although Ram Mohan (2003) usdev@haata to
compare the performance of public and private sector firms, hisadatonstructed from
financial statements of companies and are not very accuratenegas input and output
guantities This paper adds to the small number of studies that utilize input-aldfauat
the establishment level. Our approach provides a relative measoverafl efficiencies
of different groups (e.g., one state vis-a-vis another or public and gbeator firms)
through a comparison of their technology closeness ratios (TCR#)eAtme time, we
can evaluate the relative performance of individual firms within dbestraints (like
infrastructure and work culture) faced by all firms within a group.

The paper is organized as follows. In Section 2 we describe the remgidac
methodology of Data Envelopment Analysis (DEA) and explain the contepmeta-
frontier as distinct from a group frontier. Section 3 gives some jusiibicdiehind such
meta-frontieranalysis to be considered for Indian industry and description of data and
variables considered for the production function is given in Section 4iofebt

summarizes our empirical findings and Section 6 concludes.

2. The DEA Models
The non-parametric method of DEA introduced by Charnes, Cooper, and Rhodes
(1978) and further generalized by Banker, Charnes, and Cooper (1984) requires no

parametric specification of the production frontier. Using a sampbetually observed



input-output data and a number of fairly weak assumptions, it derives a bekautpart
guantity with which the actual output of a firm can be compared fop(batriented)
efficiency measurement.

An input-output bundlex y) is feasiblewhen the output bundle(a nonnegative
vector of quantities of outputs) can be produced from the input bun@deonnegative
vector of quantities of inputs). The set of all such feasible input-oubpudles
constitutes the production possibility Jet

T ={(x, y) y can be produced from x > 0; y> 0} (1)
In the single output case, the frontier or the graph of the technddodgfined by the
production function g(xyepresenting the maximum quantity yothat can be produced
using the input bundbe

g(x) maximum value ofy, givenx, where K, y) 7T (2)
The corresponding production possibility setlis: {(x, y) y<g(x); x>0, y>0 }.
In the more general, multiple-output multiple-input, case, under the ptsus of
convexity of the production possibility set along with free disposghilitboth inputs
and outputs, the production possibility set can be empirically constructed as

N N N '
T :{(x,y):xz > Apxliysy Ayl 2a =145 2 0] 212,...,N)} (1a)
j=1 R

where(xj ,yj ) is the observed input-output bundle of an individual finm a sample of

N firms in the data.

The Group and Meta-Frontiers

Before one proceeds to construct the production frontier using the DBAlén
to measure the technical efficiency of a firm, it is neagsgarecognize that all of the
observed firms may not have access to the same technology. Rdfleeendifirms or
categories of firms may face different production technologiegsrfety of geographical,
institutional, or other factors may give rise to such a situatimms€ucting a single
production frontier based on all the data points would, in such cases, iresat

inappropriate benchmark technology. A way to measure the impact luiclegical



heterogeneity across groups is to construct a sepgmatg frontierfor each individual
group alongside a singtgandor meta-frontierthat applies to firms from all the groups.

In order to construct different production possibility sets for diffegroups, we
first group the observed input-output bundles by the locations of the correspéindmg

SupposeN firms are observed and these firms are classified, accomlisgnte criterion,

into H number of distinct and exhaustive grou;@éb group containingNg number of

- H - - - -, . -

firms| N = 3 Ng |. Define the index set of observatiods={1,2,..., N}and partition it
g=1

into non-overlapping subsets

Jg :{j :firm j belonggogroupg;(g = lZ,....,H)}.

In this case, the production possibility set fargrg will be

T9 ={(x,y):xz 3 Agxliys ¥ Agyl I g =LAy 20};}(9212,...,H).
10Jg 10Jg 10Jg

The setT ¢ is the free disposal convex hull of the obsenvgalit-output bundles of firms
from groupg. Suppose, that the observed input-output bundlérmf k in groupg
is(x'é,y'é). A measure of thevithin-group (output-oriented) technical efficiency of the
firm k, is

k_ 1
TEK =L
g ¢|§§

where ¢'§solves the following linear programming (LP) praibte
(Pé‘) ¢'§ = max ¢

s.t. Y Agvd=avyk:
= Agi¥g g

Mg

ik L
X AgiXg SXgi X Agi =L

)lgj >0(j = 12,...,Ng); @ unrestricted.

The above LP problem is solved for each fiknm the gth group.



Next we consider the technical efficiency of thensafirm k from groupg
relative to agrand technological frontier, or what is called theeta-frontier The meta-
frontier is the outer envelope of all of tlggoup frontiers. It consists of the boundary
points of the free disposal convex hull of the iputput vector ofall firms in the

sample. Thedrand) technical efficiencyf the firmk from groupg is measured as

k- 1
TEX =L
S¢ T

where

p& = max ¢

H j K
s.t. X X AgiYg 2dyg;

9=1j0g
9=1j0g

H

DY /19] =1

Agi 20(j =12,...,Ng; g=12,...,H);¢ unrestricted.
In view of the fact that thegyrand production possibility set contains evegyoup
production possibility set, it is obvious thag < ¢('§ and, henc&EX 2TEé, for everyk

andg. In other words, firms cannot baoretechnically efficient when assessed against

themeta-frontierthan when evaluated againggraup frontier.

Technology Closeness Ratio
When, for any firmk in groupg, thegroup efficiency and thgrand efficiency measures

are close, we may argue that evaluated at the mymndle xg, the relevangroup frontier

is close to theneta-frontier.In stead of evaluating the proximity of tgeoup frontierto
the meta-frontierat individual points, it is useful to get an oderaeasure of proximity
for the group as a whole. For this, we first defareaverage technical efficiency of the
firms in the group (i.e., relative to tlggoup frontie) by the taking a geometric average

of such individual technical efficiencies. For ti@up g this will be given by



Ng UN
TE, (g):(kﬂ_lTEléJ 9.

Similarly, the average technical efficiency of goog, measured from theeta-frontier

will be

Ng

TEg (g){kUlTEéJ M.

For group g, an overall measure of proximity of gneup frontierto themeta-frontieris

its technology closeness ratio

TE(9)
TEq(9)

TCR increases if thgroup frontiershifts towards theneta-frontier ceteris paribusand

TCRQ) =

is bounded above by unity which would be realizédand only if group frontier
coincides with theneta-frontier

We illustrate these concepts in Figure 1 for theecaf a single input — single
output — two groups of firms - groypand groupg. Let the point$?; throughP, show
the input-output bundles of four firms from groppand Q, through Q4 be the input-
output bundles of firms from group The group frontiers are shown by the broken line
AP;PsP,C for groupp and by the broken line @&Q-QsD for groupq. By contrast, the
grand frontier is the outer envelop of the two frers shown by the broken lin&P;P;
Q2Q3D. Note that the points within the triandhgEQ; lie above both the group frontiers,
but (by virtue of convexity) are within the gramaritier. While judged against their own
group frontier the technical efficiency of eachtbé pointsQ:, Q., and Qs equals unity
while the that ofQ, is JQ;/JK. When judged against the grand frontier or theta-
frontier, TE of each of the point€), and Qs;, remains unity. However, the technical

efficiency of Q; falls from unity to BQ, /BN, while that of the (inefficient) poin®. is
the same as that with respect to its group frontier JQ,/JK. Thus the average

technical efficiency of group (measured from itgroup frontie) is given by, TEy(q )=

(JQ4/JK)]/4and that (measured from thmeta-frontiej is given by TEg(q ) =



(BQ1/BN)(3Qs/IK))¥4, which is obviously smaller thafiEy(q . The ratio of the two

measures the technology closeness ratio (TCR)®gtbup.

Cutput (¥)
.
i=1 = K Q3
Q2 H
M _,_——-'—. -_—
I~ 1 D
7 L
P3 C
E G
I L Qd
P2
w/ ¥
Q1
! Tnput (=)
A B L F E 7

Figurel. Group and Meta-Frontiers

3. Judtification of Such Analysisin the Context of Indian Industry

India is a vast country with a number of states anubn territories with their
distinct sociological, economic, political and @dtructural features. Easy access to
natural resources and other infrastructural faesithelpful in achieving lower cost per
unit of output is not evenly distributed all oveetcountry. Sates differ widely in respect
of stability of government formed by different gadal parties, democratic nature of the
overall political environment, political and econienagenda of the political parties in
power, and the level of militancy of labor uniokgork culture of the people of the states
like Gujarat and Maharashtra is far more condud¢ovg@roductive efficiency than what
one finds in states like West Bengal (Das et aQ720All these factors are important
determinants of the level of technical efficiendyadirm located in any particular region.
Although the core production function for differer@gions need not be different, these
environmental factors cause the underlying producfunction to shift away from the
global or meta-frontier.It is, therefore, proper to treat the productienhinology itself as

different for different regions of the country.
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While geographical factors play the most importaé in creating differences in
the technology across groups of firms, such diffees may also arise due to differences
in ownership type and in the organizational streetof a firm. For example, a firm in the
public sector may perform differently from anotfiiem in the private sector even though
they both might be located in the same state. Eweong public sector firms, those own
by the central government have different types ofkmg norms and management styles
than those that are owned by a state governmentila8ly, even within the private
sector, a firm owned and operated by a public Bshitompany might perform differently
from owned by a private limited company or a paishe.

In our empirical analysis, we examine the extensystematic differences in the
technical efficiency levels of firms due to geodregal location, ownership type, and
organizational patterns. We investigate how fariateom in the above three factors
namely state, ownership pattern and organizatipatiern affects the levels of technical
efficiency of individual firms. We also examine wher the production technology itself

varies across groups due to variation in such fadig comparing respective TCRs.

4. Description of Data and Variables Used

In this study we use micro-level data for our stulgch observation in our data
set includes the information on a number of vagaldor different individual industrial
units covered by the Central Statistical Organaat{CSO), Government of India
through its Annual Survey of Industries (ASI). Ttheta used are for the years 1985-86,
1990-91, 1996-97, 1998-99, 1999-00 and 2001-0Zrms drawn from the entire textile
industry. The units relate to the production oftant woolen, silk, synthetic (e.g., terry
cotton), and other natural fibers (like jute, caind mesta).

We conceptualize a 1-output, 3-input technologye ©ltput is measured by the
total ex-factory value of products and by-produpteduced by the firm during the
production year. The inputs are labor (measuredth®y total number of man-days
worked), capital (measured by the net value ofdigssets of the firm at the beginning of
a year) and intermediate inputs (measured by tineimad value of material inputs (both

indigenous and imported) and energy (power, fuilg.e
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5. Empirical Findings

In order to performrmeta-frontieranalysis for studying the effects of difference in
location, we focus on six major textile-producirtgtes namelhGujarat, Maharashtra
Punjalh Rajasthan Tamil Naduand West Bengal Observations from the rest of the
country contribute to the construction of tineta-frontierbut are not analyzed as a single
group for measuring TCR. Similarly, we consider ttypes of ownershipprivate (i.e.,
wholly privately owned firms) angublic (i.e., all of the remaining categories of firms
are combined into this group). Almost 90% of firmmsthe data set are under private
ownership in each of the years covered in the sanklrther, we consider six different
organization patterngndividual proprietorship (IP), partnership (Partpublic limited
company (PULC), private limited company (PRLC)operative society (COOPS3)nd
the remaining are clubbed intothers’ category.

Average technical efficiency measured relative itbeg frontier as well as TCR
for different states are shown in Table la. In bafuthe 6 years analyzed, West Bengal
had the highest level of averageand efficiency i.e., technical efficiency measured
relative to themetafrontier. In the remaining year (1996-97) Punjab had tlghést
grand efficiency. Two things need to be recogniimedhis context, however. First,
relatively few of the firms in the sample (betwed and 5.21% in any given year) came
from West Bengal. Second, In 3 out of the 5 yeldus,average, although the highest for
the year across groups, was around 20%. Only idasteyear (2001-02) did it reach a
respectable level of 60%. Hence, the West Bengaisfi although better generally than
others, are, nonetheless, quite inefficient overall

Coming to thegroup efficiencyi.e., technical efficiency measured against the
group frontier of each state, again West Bengal is fotmde best performing with
averages ranging from 0.66 (in 1985-86) and 0.842001-02). During the year 1996-97,
Punjab performed best relative to its state frantigh an average group efficiency score
of 0.63. Moreover, judging by the coefficient ofriadion (CV) in the year-wise group
efficiency levels, West Bengal (32.13%) and Punf@P.51%) had the lowest yearly
average degrees of variability in technical efige across firms with the state. By
contrast, Gujarat (84.19%), Rajasthan (73.47%), afiadhtra (64.43%), and Tamilnadu
(63.79%) showed much greater variability in effrmg within the group. Thus, with

12



highest mean and lowest variability in the levelsefiiciency, the West Bengal firms
appear to have performed in a superior fashionastrof the years.

A high level of TCRdoes notimply that firms in a specific state are, on an
average, more efficient. As explained in an eadiection, the TCR of any group is an
index of the proximity of thegroup frontier to thegrand or meta-frontier over the
relevant range of variation in the input bundlesuBded naturally between 0 and 1, a
high value of the TCR for any state implies that, average, the maximum output
producible from an input bundle by a firm requitedproduce within the state would be
almost as high as what could be produced if the fiould choose to locate anywhere
else in the country. This, in its turn, implies piihat there are no significant production
infrastructural constraints (e.g., physical, legalltural, etc.) that hinder productivity in
that state relative to the nation as a whole. Thibest illustrated by the examples of
Gujarat in the year 1996-97 and West Bengal in 18®85In the case of Gujarat, in the
relevant year the TCR was as high as 91% showiagtkiegroup frontier for the state
was quite close to thgrand frontier. However, relative to either frontier,etlaverage
technical efficiency was particularly low — only09. and 0.10. Thus, even though, the
state faced no particular disadvantage, the firmgopmed poorly. The case of West
Bengal was the opposite. The average level of greffigciency in 1985-86 was a
respectable 66%. But the grand efficiency was @asde 15%. The corresponding TCR of
0.23 shows that from an average input bundle a fitnWest Bengal could at most
produce only 23% of what would be feasible elsewherindia. The West Bengal firms
were doing reasonable well relative to a state herack but infrastructural constraints
hindered efficient production.

Another point to note is that for all states theRT@ppears to have improved,
although not monotonically, over the years. Thisvgh that in the post-Reform years,
market forces have been at work to remove the bardticed in the different states
bringing the state frontiers closer to the gramhfier.

Table 1b shows that except in the year 1985-86eldewf (grand) technical
efficiency of the private sector firms equal (in90991) or exceed (in the other four
years) those of the public sector firms. In a pakatudy using the stochastic frontier

approach, Bhandari and Maiti (2007) obtain simigsults for the Indian textile industry.
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Moreover, the grand frontier is supported primablyfirms from the private sector. This
is evident from the high levels of TCR for the pti® sector as a group and is especially
true in 1996-97 and the later years. The TCR oftligic sector firms during this period,
although considerably lower than unity, has begoraving. This suggests that, as group,
public sector firms have improved their productpaentialin the more recent years.

As for organization type, public limited companigdentified as PULC in Table
1c) have higher (grand) technical efficiency aslwaelsuperior technology (as shown by
TCR) relative to all other organizational typesfioins in our sample. This is broadly
consistent with the widely held belief that accalnility of the corporate management to
the shareholders contributes to better performance.

It is evident from Tables 1la-1c that there are ificant differences across groups
when firms are classified by any single criterioegfon, ownership type, or organization
type) without controlling the other factor®ut exclusive focus on a single criterion may
hide the consequences of variations in any otharacteristic. For an example, it is not
obvious from Table 1a that the superior performasicé/est Bengal firms is due to their
location only. The partial effect of differences amy one category can be accurately
measured only within a multiple regression modetomporating all the relevant
explanatory variables.

Table 2 reports the estimated regressions for fifferent sample years using
yearly cross section data. The dependent variabléhé measured level of (grand)
technical efficiency of an individual firm for thgarticular year. The dummy variables
Gujarat D throughWest Bengal [are the state dummies. The category “all othaéesta
is treated as the reference group. In the ownerdassificationPublic Dis the dummy
variable for public sector firms with private owship is the reference category. In the
organization type category, the dummy variablesntifie firms as individual
proprietorship P D), partnership Rartnership D),public limited companiesPULC D),
private limited companiesPRLC D, and cooperativesCpops D. Firms of other
organization types constitute the reference groApart from the various categorical
variables, also included as regressars, the size of a firm and its age. Size is meadsure
by the nominal value of its intermediate inputs.eAg measured in years. Because the

data set does not identify individual firms, it wast possible to estimate a panel
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regression. In stead, annual cross section data wsd to estimate separate regressions
for individual years. Of the 36 coefficients assded with the state dummy variables, 20
are significant at the 5% (or lower) levels. In gel, their signs and magnitudes are
consistent with what one could derive from the etéhce of means for the individual
states in any year with the “catch all” group (itiked as “all others” in Table 1a).
Nonetheless, further insights beyond what is olthiftom Table 1a can be gained from
a careful perusal of the regressions reported Wwielra. For an example, consider the case
of West Bengal for the year 1990-91. In Table t&as the highest average level of
(grand) technical efficiency exceeding the corresiog measure for overall by 0.07. In
the regression for the relevant year reported inld @, the coefficient of the West Bengal
dummy variable is only 0.016. Moreover, it is noter statistically significant! By
contrast, for the same year, the difference forj&tuns 0.04 in Table la and the
coefficient of the Punjab dummy variable in 1990i81Table 2 is a comparable 0.045.
This shows that controlling for other factors sommes (though not always) could
portray a different picture about technologicafelénces across states. As for the other
(non-categorical) variables, the coefficient ofesiy), is uniformly positive and highly
significant. This implies that efficiency increasesth firm size. By contrast, the
coefficient of age is significantly positive in tiiest two years but becomes statistically

insignificant thereafter.

The main findings of our empirical analysis carshexmarized as follows.

* Firms from the state of West Bengal performed ghér average levels of technical
efficiency with respect to both their state frontéand a grand frontier applicable to
firms from all states.

* There were significant technological differencesoas states. However, firms from
states with more productive technologies often dnge performing at low levels of
efficiency as is evident from the case of Gujanathie year 1990-91.

* There is some evidence that states with less ptovgutechnologies are gradually
catching up to the national benchmark.

* Private sector firms were more efficient than argb @echnologically superior to

firms from the public sector.
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* Firms organized as public limited companies perfnibetter than firms of other
organizational types.

» Technical efficiency tends to increase with firrnesi

* Despite some initial evidence of positive impabg age of a firm did not appear to
be significantly influencing technical efficienay the later years in our sample.

6. Conclusion
In this paper we have measured the levels of teeheificiency of firms from the

Indian textiles industry in different years. Ouudy allows one to separately identify the
contribution of technological differences acrossups of firms towards the overall
measure of technical efficiency. Superior perforognf public limited companies in the
private sectors suggests that this should be eagedras a preferred organizational form.
Also, consolidation of smaller firms into largertiéies would enhance efficiency. Our
measures of technical efficiency suggest considenmaiom for increasing output without
requiring any additional inputs. Hence, even withan increase in allocative efficiency
through appropriately changing the input mix, ageraost of production in the textiles
industry could be lowered significantly — often £49% or more. This would greatly help

the competitive position of Indian firms in the Wbmarket.
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Table 1la: Mean Technical Efficiency and TCR for Different States

State Criterion Year
1985-86| 1990-91 1996-9F7 1998-99 1999100 2001-02
% of Firms 16.73 16.55 16.26 10.42 12.99 12.30
Grand TE 0.10 0.35 0.09 0.15 0.31 0.44
Guijarat Group TE 0.28 0.50 0.10 0.52 0.64 0.60
CV (in %)* | 88.20 40.76 253.42 45.15 37.24 40.35
TCR 0.35 0.70 0.91 0.29 0.48 0.74
% of Firms 17.94 14.29 8.56 9.71 11.45 9.94
Grand TE 0.09 0.33 0.11 0.14 0.30 0.46
Maharashtrg Group TE 0.33 0.50 0.36 0.30 0.51 0.63
CV (in %) 72.09 51.61 83.04 98.45 45.28 36.14
TCR 0.28 0.66 0.31 0.48 0.59 0.73
% of Firms 8.64 7.73 6.81 5.85 4.99 4.66
Grand TE 0.10 0.37 0.21 0.14 0.38 0.49
Punjab Group TE 0.47 0.70 0.63 0.81 0.60 0.80
CV (in %) 50.38 24.43 29.91 23.58 42.86 23.92
TCR 0.22 0.53 0.33 0.18 0.64 0.61
% of Firms 7.14 8.48 8.78 10.35 7.78 7.53
Grand TE 0.09 0.35 0.14 0.15 0.33 0.48
Rajasthan | Group TE 0.13 0.50 0.42 058 0.66 0.60
CV (in %) | 214.02 48.64 64.36 39.71 32.95 41.11
TCR 0.68 0.70 0.34 0.26 0.50 0.80
% of Firms 18.10 18.40 22.10 25.98 27.00 28.62
Tamil Grand TE 0.08 0.31 0.13 0.13 0.33 0.47
Nadu Group TE 0.40 0.57 0.32 0.18 0.46 0.57
CV (in %) 68.79 34.51 77.31 111.37 58.71 32.03
TCR 0.20 0.54 0.40 0.76 0.71 0.82
% of Firms 3.30 3.05 3.00 5.21 4.77 4.77
West Grand TE 0.15 0.40 0.13 0.20 0.49 0.60
Bengal Group TE 0.66 0.77 0.53 0.69 0.69 0.84
CV (in %) 33.18 26.28 58.20 31.36 25.31 18.46
TCR 0.23 0.51 0.24 0.29 0.71 0.72
% of Firms 100 100 100 100 100 100
Overall Grand TE 0.089 0.33 0.13 0.15 0.33 0.47
TCR 1 1 1 1 1 1
* CV indicates Coefficient of Variation in individUBE within the Respective Group
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Table 1b: Mean Technical Efficiency and TCR for Owner ship Variation

Ownership Criterion Year
1985-86| 1990-91 1996-9F7 1998-99 1999100 2001-02

% of Firms 11.67 12.19 11.26 16.20 14.89 10.93
Grand TE 0.11 0.33 0.09 0.11 0.28 0.39
Public Group TE 0.18 0.46 0.42 0.36 0.59 0.58
CV (in%) | 133.76 62.48 70.04 69.18 41.83 39.34

TCR 0.62 0.72 0.21 0.29 0.46 0.67

% of Firms 88.33 87.81 88.74 83.80 85.111 89.07
Grand TE 0.09 0.33 0.1417 0.1550 0.33%6 0.485
6
)

Private Group TE 0.11 0.36 0.1427  0.155 0.335%8 0.486
CV (n%) | 176.55 49.65 141.30 118.9 75.43 38.35
TCR 0.79 0.921 0.993 0.996 0.999 0.998
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Table 1c: Mean Technical Efficiency and TCR for Organizational Variation

Organization|  Criterion Year
1985-86| 1990-91 1996-9F7 1998-99 1999100 2001-02
% of Firms| 14.84 15.35 10.89 7.14 6.97 5.11
Grand TE 0.06 0.26 0.18 0.15 0.22 0.47
IP Group TE 0.28 0.40 0.30 0.52 0.76 0.76
CV (in %) | 93.50 64.35 98.06 40.34 23.21 24.26
TCR 0.20 0.65 0.60 0.28 0.30 0.63
% of Firms| 31.72 34.91 24.57 17.13 15.85 13.45
Grand TE 0.08 0.31 0.15 0.13 0.27 0.47
Part Group TE 0.11 0.49 0.24 0.25 0.31 0.49
CV (in %) | 183.57 30.34 104.27)  105.34 87.48 39.21
TCR 0.69 0.63 0.63 0.53 0.86 0.96
% of Firms| 10.85 14.17 26.15 41.40 43.14 39.66
Grand TE 0.24 0.50 0.17 0.18 0.42 0.52
PULC Group TE 0.49 0.54 0.18 0.25 0.46 0.57
CV (in %) 44 .41 35.33 110.45 85.75 43.3% 31.52
TCR 0.48 0.94 0.96 0.72 0.91 0.90
% of Firms| 12.75 16.59 23.71 18.63 21.18 29.71
Grand TE 0.14 0.38 0.10 0.13 0.31 0.45
PRLC Group TE 0.37 0.56 0.27 0.16 0.46 0.57
CV (in %) | 55.98 33.79 90.94 142.50 51.28 37.06
TCR 0.39 0.68 0.35 0.82 0.67 0.79
% of Firms 6.85 6.59 5.00 6.14 5.28 5.11
Grand TE 0.06 0.26 0.13 0.13 0.27 0.42
COOPS Group TE 0.24 0.59 0.49 0.65 0.71 0.74
CV (in %) | 111.49 37.24 55.12 36.19 26.54 24.00
TCR 0.26 0.44 0.26 0.20 0.38 0.57
% of Firms| 22.99 12.38 9.67 9.56 7.63 6.95
Grand TE 0.08 0.32 0.09 0.09 0.23 0.37
Others Group TE 0.13 0.43 0.36 0.53 0.61 0.58
CV (in %) | 152.07 63.42 82.79 51.95 45.83 42.65
TCR 0.62 0.73 0.24 0.18 0.37 0.64




Table 2: Regression Results Explaining (Grand) Technical Efficiency Score using
Different State, Owner ship and Organization Dummies

Independent Estimated Coefficient
Variable 1985-86 1990-91 1996-97 1998-99 1999-00 2001402
Gujrat D 0.011** 0.022*** | - 0.051***| -0.002 - 0.028 - 0.035*
Maharashtra D 0.008 0.018*| -0.058*1* -0.017 - 0.007 - 0.012
Punjab D 0.015** 0.045*** 0.015 - 0.051*r 0.051** -0.017
Rajasthan D 0.020*** | 0.032*** | -0.042**% -0.013 0.038* 0.001
Tamil Nadu D - 0.002 -0.011*| - 0.072*- 0.033*** 0.003 - 0.022**
West Bengal D 0.022** 0.016 - 0.024 0.050*t 0.116** 0.102***
Public D 0.035*** 0.015* - 0.069***| - 0.046*** | -0.035* | - 0.071***
IP D - 0.033*** | -0.039*** | 0.058*** | 0.076*** -0.02 0.057**
Partnership D - 0.007 - 0.007 0.033*t 0.0367 0.033 0.047**
PULC D 0.103*** | 0.091*** | -0.029** 0.006 0.098*** 0043**
PRLC D 0.059*** | 0.047** | -0.056***| 0.014 0.050* 0.025
Coops D - 0.039***| - (0.059*** 0.010 0.008 0.012 a®
(I /108) 0.152** | 0.071** | 0.019*** | 0.022*** | 0.018*** | 0.014***
(Age ,102) 0.058** | 0.082** | 0.007 0.008 -0.036 0.015
Constant 0.094*** | 0.320*** | 0.238** | 0.155*** | 0.308** | 0.465***
Rz(in %) 46.89 30.18 15.28 25.22 24.22 17.23
R2 (in %) 46.75 29.97 14.95 24.46 23.44 16.55
* ** and *** indicates significant at 10%, 5% anii% respectively in a two-tailed test.
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