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Abstract

This paper atempts © measure productvity performance of the Indian
Manufacwring Induswy during the period 198081 w© 2010-11. To
measure wml facwr productvity growth& various other relawd
performance indicators a non-paramewic approach, namely,
Malmquist Dam EnvelopmentAnalysis has been used. A comparatve
analysis between the pre (1980-81 © 1990-1991)& postliberalisation
(1991-92 ©2010-11) era has also been mken up in this smudy. The paper
also seeks © examing the impact of forgign direct invesmment on the
overall wml facwor productvity growth of the Indian Manufacwring
Industy. The presentsmdy shows a positive TFP growth for the entire
period. But, again, there is a fall in the TFPG from pre © post
liberalisation period. Inwrestngly, we observed a positive impact of
foreign direct invesmment on wml factor productvity growth for the
Indian Manufacwring Induswies.

Keywords: Indian Manufacwring Industy, Towml Factor Productvity,
Malmquistindex, Da EnvelopmentAnalysis, FDI.

JEL Classification: C14,C32,D24.

Introduction

The impact on the host economy of invesmment by multdnatonal
entwerprises remaing an unresolved and debated issue (Aghion et al.
2006, Bizer and Gorg 2005). Some counmwies and induswies bengfit
significandy from foreign enwy in wrms of productvity and
knowledge spillovers. Others benefitless or are even hurt

While academics wnd w© weat FDI ag a homogenous capiml flow,
policy makers, on the other hand, seem 1w believe that some FDI
projects are bemer than others. Natonal policies oward foreign
direcunvesment (FDI) seek © atractsome 1ypes of FDI and regulate
other types in a patern which seems w reflect a belief among
policymakers that FDI projects differ greatdy in ®ermg of the natonal
benefis © be derived from them. UNCTAD’s World Invesmment
Report 2006 for ingmance describes “quality FDI” as “the kind that
would significanty increage employment enhance skills and boostthe
compettveness of local enterprises.”

Whilg in theory the nexus between FDI and growth (in erms of output
and productvity) is in general positive, the empirical lizerawre is far
less conclusive. Some swdies find positve effects from outward FDI
for the investng counwy (Van Potelsberghe and Lichwnberg, 2001;
Nachum ¢t al., 2000), but suggest a porntal negatve impact from
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inward FDI on the hostcounty. This result from a possible
decrease in indigenous innovatve capacity or crowding out
of domegtc firms or domestc invesment. Thus, in their
view and in ling with the smndard liwramre on the
dewrminants of FDI (i.e. Dunning’s OLI paradigm, see
Dunning 1988) inward FDI is intended 1 wke advantage of
host counwy (locatonal) characwristucs inswead of
digseminatng new wchnologies originatng in the sending
county. Other sudigs reportmore positve findings: Nadiri
(1993) finds positve and significant effects from US
sourced capiml on productvity growth of manufacmring
induswies in France, Germany, Japan and the UK. Also
Borenszezin et al. (1998) find a positve influence of FDI
flows from induswial counwies on developing counwies’
growth. However, they report also a minimum threshold
level of human capiml for the productvity enhancing impact
of FDI, emphasizing the role of absorptve capacity.
Absorptdve capacity or minimum threshold levels in a
countwy’s ability w profit from inward FDI is ofwen
mentoned in the liwrawre (see also Blomgwom etal. 1996).
Congequendy the effectof FDI depends among other things
10 a large exwmnt on the characwrigtcs of the counwy that
receives FDI. However, the resultung issue of crogs—counmy
hewrogeneity has largely been neglected in the lizerawre so
far with few exceptons. Blonigen and Wang (2005) swess
explicidy cross—county hewrogeneity as the crucial factor
which deermings the effectof FDI on growth. Further, Nair—
Reichert and Weinhold (2001) and MayerFoulkes and
Nunnenkamp (2005) explicidy ke up this agpect in their
analysis. Our paper will follow their direction and inroduce
wo forms of hewrogeneity, differences between counwies
and differences between receiving induswies.

We argue thatsince hostcounty hewrogeneity plays a rolg,
it is equally likely that the impact of FDI on the host
economy differs greaty according 1 the receiving induswy.
FDI in consmantremrns o scale induswies will have different
effects than FDI in increasing remrng © scale induswies.
Likewise, the effectof FDI may be relared w the chnology
and human capiwl in®nsity of the induswy and other factors.
As a very inwituve gxample, heavy FDI in the exmactve
secwor in Nigeria has not improved the counwy’s growt
performance (Akinlo, 2004). Consequendy, the powrntal for
positve spillovers dogs not solely depend on a counwy’s
overall absorptve capacity, but also on which sectors or
induswies in the economy receive FDI. Thus, the impactof
FDI differs depending on counmy specific absorptve
capacity or smge of developmentas well ag on the sectoral
and induswial swucwre and allocation of FDI. Since the ™wo
are in general related, this implies a relatonship between the
induswial patern of inward FDI and it effect on the host
county. The economy wide effectof induswy specific FDI
inflows will then further depend on the exwmnt of inwa—
induswy versus inwer-industy spillovers.
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Brief Survey on Literature:

The concept of wchnical efficiency indicates the degree of
success in the utlizaton of productve resources. Technical
efficiency is congidered  be an impormnt deerminant of
productvity growth and inwrnatonal compeutvenegss in
any economy (Taymaz and Saatci, 1997). There are different
schools of thought in esumatng the wchnical efficiency.
Technical efficiency consists of maximizing the level of
productdon thatcan be obmined from a given combinaton of
factwrs. In the Indian conwext, number of smdies examined
the wchnical efficiency of the manufacwring induswy, €.g.,
Page (1984), Litde et al. (1987), Patubandla (1998), Miwa
(1999), Agarwal (2001), and Miwa etal. (2002), Bhandari et
al. (2007a, 2007b) and many others. Krishna and Mima
(1998) invesugawd the effects on competddon and
productvity of the dramatic 1991 wade liberalizaton in case
of Indian manufacwring induswies. Using firmdevel dam
from a variety of industies, they find some gvidence of an
increase in the growth raw of productvity. Driffield and
Kambhampat (2003) esumat fronter producton functons
for six manufacmring induswies. Their findings suggestan
increase in overall efficiency in five outr of the six
manufacmring induswies in the postreform period.
Mukherjee and Ray (2005) examined the efficiency
dynamics of a ‘typical’ firm in individual smws during the
pre and postreform period. Their findings esmblish no
major change in the efficiency ranking for different smws
aftwer the reforms was inidawrd. Using a panel damsetof 121
Indian manufacwring induswies from 1981 w 1998,
Patmayak and Thangavelu (2005) find evidence of woml
facwr productvity improvements for mostof the induswies
after the reform period.

While the 1991 economic reform was radical, India adoptwed
a gradualigt approach w© reform, meaning a fruswaungly
slow pace of implemenmton (Ahluwalia, 2002). [tsuggests
that it i more appropriae © examine the effect of
liberalizaton on manufacwring sectwors’ efficiency using a
longer ime gpan for both pre and postreform. How did this
economic reform program shifred Indian manufacmring
ino global smge and influencing twchnical and scale
economies of major induswiesAln angwering this queston,
we employ a nonparamewic approach in explaining
productvity changes, twchnical progress and scale
efficiencies of induswies within the sector. In this paper, we
examing the impact of liberalizadon on the technical
efficiency of Indian Manufacwring induswy by comparing
pre and posteconomic reform periods.

Analysis of wchnical efficiency of manufacmring induswies
in developing counmwies has received considerable atenton
in the economic liwrawre in recent years. Recent lierawure
includes Onderetal. (2003) for Turkey, Pham gtal. (2009)
for Viemam, Margonoet al. (2010) for Indonesia, and
Masmomarco (2008) for developing counwies among
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others. Technical efficiency is concerned with how closely
the producton unitoperates  the fronter for the producton
possibility set The hiswrical roots of a rigorous approach ©
efficiency measurement can be waced © the works of
Debreu (1951) and Farrell (1957). Over the past three
decades, a variety of approaches, paramewic and non—
parameTic, have been developed w investgat the failure of
producers  achieve the same level of efficiency. For a
demiled survey on such methodologies, see Kalirajan and
Shand (1999). In paramewic models, one specifies an
explicitfunctonal form for the fronter and economemwically
estmaws the paramewrrs using sample daw for inputs and
ouwput, and hence the accuracy of the derived technical
efficiency esumates is sensinve w the namre of the
functonal form specified. In conmast, the method of Dam
Envelopment Analysis (DEA) inwoduced by Charneset al.
(1978) and further generalized by Banker etal. (1984) offers
a non-paramemwic alwrnatuve 1w paramewic fronter
producton functon analysis. A producton fronter is
empirically consmuctwed using linear programming methods
from observed inputoupurtdam of sample decision making
unis (DMUs). In this swudy, we adopt the oupurorienwed
(OO) DEA thatsecks the maximum proportonal increase in
outpurt producton, with input levels held fixed. Lovell
(1996) gives a clear descripdon of how the DEA based
Malmquigtapproach implements such decompositon.

In this regard, © judge the reladon between the wmal factor
productuvity growth (TFP) and forgign direct invesmment
(FDI), though there is a lack of liwrawre, we reviewed some
impormant works which expose the relation between these
wwo factors for other counmwiss.

In a first set of swdies, the reladon beween FDI and
induswial growth is analysed ata city (Démurger 1996a, Wei
1994 and 1996) or a provincial level (Démurger 1996b and
2000, Modyand Wang 1997).

Wei (1994), shows thatbetween 1988 and 1990 the level of
FDI conmibuted more w differences in nominal induswial
ourpurt than did exports. He gpecifically nows that such
invesmment resul in a spill-over ofwchnological and
managerial know-how between firms in the same city.

Moreover, Wei (1996) finds thata 1 percentincrease in the
share of FDI in relaton with induswial ougpurtin 1988 has
been associared with a 0.32 percent higher growth raw in
output between 1988 and 1990 and that about 20% of the
difference between the cites’ outpur growth could be
explained by the difference in the share of FDI’s in ouput

Démurger (1996a) confirms,within an augmented
producton functon framework, the predominantshorterm
impact of FDI in annual average growth rawms of real
indusmial output Moreover, the paper notonly points outthe
overall predominance of FDI burt also indicaws that in the
shortrun, the conibuton of FDIw induswial growth ends
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1 dominaw, and gven replace, that of export. Italso ©sT
whether the influence of exportgrowth on induswial growth
depends upon the relative size of foreigninvesmment Results
indicaw that the marginal effect of export growt on
induswial growth is reduced where FDI is relatively high and
thus suggestthatFDI could have been a substwite  export
as a growth facor, atleastatthe end of the 80s.

At a provincial level, Démurger (1996b) investgatwes the
reladon beween induswial growth and opening-up for 19
provinces over the 1983-92 period. The results show thati)
both FDI and exports have a positve conmibution
indusmial productvity and that, at least in the short wrm,
FDI has a higher conwibuton than export and thatii) FDI
has a positive effecton the domestc accumulaton of capimal.
It indeed explaing almost half of the variatons in wmwl
investmentand dogs notappear as a subsimte for domestc
capirl, but rather as a sumulus. The hypothesis of a
crowding-out effect on domestc invesmment can thus be
rejected for the sudied period.

Furthermore, Démurger (2000) gives an explanaton of the
economic growth of Chingse provinces up © the mid-90s
based on the dynamics between FDI and growth, as well as
on a dynamics due w© the geographical propagaton of
growth itgelf. The evaluadon of the inwrdependence of
growth between Chinese provinces and, within provinces,
between cites gives an additonal explanaton for the
Chinese growth process since inwr-provincial propagaton
of growth reinforces the dynamism of coasml provinces, but
also contibuws  the overall growth process.

Finally, using sector dat, Mody and Wang (1997) also show
that FDI — as a percenmge of populaton — has a significant
impact in the shorterm on induswial ouput growth.
However,they also observe that the effect of FDI wnds
decrease in alonger erm. Their inerpremton of this resultis
thatin the shortwerm, FDI is the most mobile factor and is
therefore a dominantdriving force for growth. On the other
hand, over the longer erm, variables such ag educaton and
infragwucwure respond 1w the rise in demand for
complemenmary assers and the conwibuton of FDI
diminishes. Finally, they underline the fact that the
effectuveness of educaton is enhanced when itis associated
with the forgign expertise thataccompanies invesmment

Another partof the empirical liwrawre on the role of FDI in
induswy focuses on the relatve efficiency of forgign-funded
firmg and their impacton domestc firms.

Within this liwrawre, the research work carried outby Sun
(1998) provides an exwnsive assessment of FDI impact on
China’s economy, and more precisely on induswy. Sun
(1998, chapwr 5) nowably highlights the differences between
the characwristcs and performances of FIEs and those of
domestc firms, especially SOEs. FIEs have a higher capiml
inensity than domestc firms do in all sectwors, indicatng a

Www.pbr.co.in



higher w®chnology conent of the producton process.
Moreover, the investgaton of productuve efficiency in
different caregories of firms, carried outon the basis of the
1995 Census dam, shows that the average productvity of
both labour and capiml in FIEs is respecuvely 2.8 and 2.2
nmes higher than that of Smwr-owned enwrprises. It also
shows that the glastcity of ougpurwith regard t labour and
capiml is greawr in FIEg than in SOEs, thus suggesung a
bemer chnical and managemenrtefficiency.

In a similar pergpectve, Fan (1999, chapwr 5) gives
estumatons of wml facwor productvity (TFP) growth by
ownership cawegories (smwr-owned, collective and foreign—
funded entwrprises). Using indusmial level dam on 28
manufacwring induswies for 20 provinces throughout the
1993-95 period, she parucularly shows that the “foreign
cawrgory” experienced the highest TFP growth (with an
average of 4.9 % per year), the gap bewween domestc and
FDI firms being higher in capiml inwnsive indusmies.
Furthermore, investgatng the issue of wchnological spill—
over from foreign © domestc firms, Fan (1999, chaptwer 7)
shows thatpositve andsignificantspill-over appears only in
induswies “which are mainly labour-inensive and have
alow 1 modera® w®chnology gap between Chingse and
foreign firms” (p. 169).

In a comparatve perspecuve 0, Zhang and Zheng (1998)
carry out an invesugatnon cenmed on the impact of
multnatonal entwerprises (MNEs) on induswial smucwmre
and efficiency. They now thatsince 1992 the patern of FDI
inflows has undergone significant changes, due w© the fact
that MNEs have massively enwred the Chingse marketand
initawed a srucwmral adjusmmentin the form of a reallocation
of resources from labour inensive  more capial intensive
secwrs. They compare the performance of a selected sample
of MNEs” affiliaws in China with thatof all enwrprises and
other FIEs on the basis of the 1995 census. MNEs’ affiliates
are found 1 be more profimble (profivsales) and less export—
orienwed than other FIEs. Compared  all induswial firms
and  all FIEs, their producton is more concentawed in the
secwors with the highest degree of capiml inwmnsity (assets
per capim). Their diswibution across sectors shows thatthey
are relatvely specialised in wangport equipment, glectic
and elecmonic goods. Esumating the smustcal relaton
bewween several swucmral variables, and the sector
diswibuton of MNEg and large and medium-sized domestc
enwrprises, the sudy finds a positive correlaton between
the share of MNEs in sales and labour productvity,
profimbility, average wage, the level of educaton of
employees, R&D expendimres, concenwation rato and size
effects. Although these relatons do notgive any informaton
aboutthe directon of causaton, they suggest that marginal
changes in MNEs sales share will be associared with an
increase in the related variables.

The in-depth analysis of the dewrminant of tchnical

Www.pbr.co.in

Pacific Business Review International

efficiency in Chinese manufacmringinduswies, made by
Sun gt al. (1999), confirms the observaton of a higher
efficiency in FIEs.Using the Dam Envelopment Analysis
approach (DEA), Sun et al. (1999) compuw tchnical
efficiency scores for 28 manufacwring induswies across 29
provinces in 1995 and compare them across sectors and
provinces. The induswy-based comparison indicatwes thaton
average,extle, imber processing and non-ferrous meml
induswies have lower wchnical efficiency scores while the
provincial comparison shows that the most efficient
provinces are on average coagml ongs. Sun gtal. then look at
the dewrminants of 'echnical efficiency differentals across
provinces and induswies and find some gvidence on the role
of economic opennesgs. Their result thus generally confirm
the positve relatonship bemween economic openness,
meagured either by the exportoutpur rato or the share of
FDI in wml equity, and wchnical efficiency in light
manufacmring induswies locard in the coasml region
(rather than in hinwrland).

The presence of FIEs hag thus a direct positve effect on
indusmial performance. As shown by Sun (1998, chaper 6),
FIEs also have indirect effects through their linkages with
domestc sectors. According 1 this investgaton, FIEg are
locawed in induswial secwrs which have high backward
linkage indices and oumpur muldpliers (as derived from
input-outpurt wble of China in 1992) and thus, have swong
powndal linkage effects on the domestc economy. FIEs,
which are now impormntinduswial producers, conwibute ©
the growth of the domestc sectors through their input
demand 1 domegtc firms. The case smdies of car induswy
and elecwonic sectwrs confirm thig observaton ag they show
the relatvely high local conentofinput used in FIEs.

The localisaton of inputs in major automobile FIEs hag
congiderably increased in the 90s (and reached 80% in
Shanghai Volkswagen in 1993). In elecwonic induswy, the
10p &n FIEs also show high raes of inputlocalisaton. The
localigsation rates are generally higher in TVproducton, and
lower in more wchnically complex products, indicating that
there is stll scopefor improving the wchnological capacites
of domestc firms.

Finally, the analysis made by Wu (2000) on 10 coasml
provinces over the period from 1983 m 1995 gives a
complemenmary view of the wmporal evoludon of FDI
efficiency. The performance indicator for FDI, derived from
a productdon fronter method, partcularly shows a few
inerestng paterns. First, for all provinces, it follows an
increaging wend over ime, which indicawrs that while FDI
efficiency was relatvely poor in the 80s, ithas improved and
converged across the 10 provinces during the 90s. By 1995,
all coagml provinces thus ended © use foreign capital rather
efficiendy. Second, on a province-w-province basis,
Shanghai appears as the best performer in wrms of FDI
efficiency since the late 80s.
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McKingey, 2005, argued thatthe US aumomotve indusmy is
a secor that wag significantdy exposed 1 foreign
competton and benefited from itrecendy. The Big Three’s
responses © compettve threats from Japanese, German and
Korean manufacwrers were largely responsible for
increases in sectwr labor productvity in 1987-2002. Rising
3.3% a year in the period, productvity growth in the US
producton of new vehicles was subsmanmally faser than
2.1% growth rat achigved by the non-farm business sector.
Process improvements, most nowmbly changes in physical
plant necessary for adoptdon of “lean productdon”, were
regponsible for almost half of productuvity growtl,
although itwok 1015 years for the Big Three © implement
the new methods. While capiml degpening accounwd for
only 10% of productvity growt in 1987-1996, it caused
60% of thatgrowth in 1997-2002.

The experience of the Czech elecmwonics induswy was
different. In many ways it didn’t benefit from the enwy of
world-clags players such ag Philips and Panasonic. These
companies largely undermok conwact manufacmring and
invesed litde in R&D. The R&D inwmnsity of foreign
affiliawes is subsmnmally lower than that of domestc firms
and below the average for the Czech manufacwring. For the
gconomy as a wholg, foreign ownership was found  have a
significant negatve impact on propensity © conduct R&D
(UNCTAD, Srholec 2005).

Long run growth can only be increased through
technological and populadon growth and if FDI positvely
influences wchnology, then it will be growth advancing
(Solow 1956).

Somwaru and Makki (2004) indicaw that according
recent endogenous growth theory, FDI can be growth
advancing if it result in increaging remrns in producton
through spillover and wchnological wansfers via diffusion
processes.

In addidon, Easwrly et al. (1995) argue that wchnology
wansfer depends on the diffusion process and that can wke
place through four modes: wansfer of new wchnologies and
ideas; high wchnology importw; foreign twchnology
adopton; and level of human capiml.

Findlay (1978) presents the contagion effect of managerial
practces and advanced wEchnology inwoduced by foreign
firmg on the hostcounwy’s wchnology.

Arecentsmdy by Banga (2005) demonswatwes thatFDI, wade
and wchnological progress have differenual impact on
wages and employment. While higher exwent of FDI in an
industy leads  higher wage raw in the industy, it has no
impacton its employment On the other hand, higher export
inensity of an induswy increages employment in the
industy burt has no effect on is wage raw. Technological
progress is found w be laboursaving butdogs notinfluence
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the wage raw. Further, the resuls show that domestc
innovaton in ®rms of regearch and development inensity
has been labor utlizing in nawmre but import of
wchnologyhag unfavorably affected employment in India.
Rajit Kumar Sahoo (2005) has poinwed ourt that FDI has a
directand indirectimpactand on a cermin partcular sectors
of the sconomy. A smdy on the impact of FDI on
manufacmring sectwr reveals thatFDI inflows in chemicals,
elecwical and elecwonics shows direct impact and FDI
inflow in drugs and pharmaceutcal secwrs shows indirect
impact(spillover effects). FDI is an impormntvehicle for the
wangfer of wchnology and knowledge and it demonsmats
that it can have a long run effect on growth by generatng
increasing rewrn in producton via positve exwernalites and
productve spill overs. Thusg, FDI can lead 1o a higher growth
by incorporatng new inputs and wchniques (Feensma and
Markusen, 1994).

Research Gap:

In this backdrop, our sudy is an atempt © find out the
relatonghip between FDI and the wmwl facwor productvity
growth for the overall Indian manufacwring induswies.
Presendy, when we survey the liwrawre on this relatdonship,
we find that there is a dearth of lirawre on this partcular
aspectfor Indian case. So, our smudy makes an atempto fill
the gap in the exisung liwerawre.

Objectives of the Study:
The major objectives of our study are:

1) To assess the oml facwor productvity growt of the
Indian manufacwring induswies during the Pre as well
ag postreform period.

i1) To examing the long-run & causal relatonship between
womwl facwor productvity growth (TFPG) & foreign
direct invesment (FDI) for the Indian manufacwring
SECTOT.

Secton 2 deals with the methodological issues. Secton 3
analyses the resuls obmined.. Lasgdy, Section 4 deals with
summary & conclusion of our swudy.

Methodology:
Model Of TFPG Estimation:
Description of Data & Measurement of Variables:

The presentsmdy is based on manufacmring induswy-evel
tume series dam raken from several issues of Annual Survey
of Induswies, Natdonal Accounts Smusucs, CMIE and
Economic Survey, Smtustcal Absract (several issues), RBI
bulletin etc. covering a period of 31 years commencing from
198081 w 2010-1. Selection of ume period is largely
guided by availability of dam. The entre period is sub—
divided ino ™o phases as 1980-81 © 1990-91, 1991-92 ©
20101 (Pre-reform phase and Postreform phase). Sub—
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divisions of wml period is being mken logically as such
assess convenientdy the impact of reforms on ol factor
productvity growth and employment.

Now, outpurin thig contextis measured as real gross value
added index. The GDP deflator has been used as the deflator
of gross value added.

In this smudy Labour index is formed as a weighted sum of
number of heads in wo groups (Workers & Orther
employees), weights being the relative group
remuneratons. Relevantdam is obmined from ASI & Indian
Labour Smdscs.

So far as capiml input is concerned, we have mken inwo
account the perpemal inventory method. In our swudy, real
gross fixed capiml stock is mken as the measure of capiml
input. Deflaor used is obmined from dam on GFCF at
currentand congmnt prices. Dam for the above purpose are
obmined from various issues of ASI & NAS published by
CSO, Govt ofIndia.

Now, as discussed earlier in the liwrawre secton, FDI is an
impormant vehicle for the wansfer of wchnology and
knowledge and it demonswates that it can have a long run
effect on growth bygeneratng increasing rewmirng in
producton via posiive exwrnalines and productve
spillovers. Thus, FDI can lead © a higher growth by
incorporating new inputs and techniques. Technology
wangfer through FDI depends on the diffusion process that
can wke place through four modes: wansfer of new
wchnologies and ideas; high wchnology import; foreign
wchnology adopton; and level of human capiml. So it i
quitwe nawral that baged on these four modes there may be
enhancement of the ol facwr productvity growth for the
manufacwring induswies. The dam on foreign direct
invesment (FDI) is obmined from Secremriat of Induswial
Assisance (SIA’s), several issues, published by the
Deparment of Induswial Policy & Promoton, Govt of
India, Miniswy of Commerce & Industy.

Econometric Specification:

The conventonal sewp of Fareet al. (1992) is adopwed in
modelling the problem as wansformaton of a vecwor of
inputs X0 R’ inw a vecwr of ouputyo R” The producton
wchnology ateach ime period 1, denowd S, is identfied as
the set of all wchnologically feasible inputoutpur
combinadons atume t(Lovell, 1996). Itis consmuctwed from
the dam as:

St = {(x%, y")|x* can produce y'}
Farg, Grosskopf, Noriss& Zhang (1994) followed Shephard
(1970) w define the oupurdismance funcron atime ‘1’ as:
D (xt. y) = inf {6 | (xt. ¥/ 6) € St} = (sup { 8 | (x", 6 y") € S})*!
The subscript'0' is used © denotw the ouputbased dismance

funcdon. Now that D&ty =  1; if and only if
; (&4, ¥) €8t &Dj (=, ¥9) = ifand only if (x|, y) is on the frontier
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of the wchnology. In the lawer case, Farrell (1957) argued
thatthe firm is echnically efficient

To define the Malamquistindex, Fare gral. (1994) defined
dismance functon with regpecto wo differentime periods:

D &1, y*!) = inf {6 | (x*1, y*/6) € SY)
&

D (xt, y) = inf {6 | (x%, y/6) € S+
The dismnce functdon in (3) measures the maximal
proportonal changge in output required © make (x™', y*)
feasible in relaton 1 wchnology atdme ‘t' Similarly, the
dismance functon in (4) measures the maximal proportonal
changg in ouputrequired © make (x, y') feasible in reladon
10 'chnology atme (t+1). The oupurbased Malamquist
TFP productvity index can then be expressed as: .
DE? (2550 ) T DS (5550 bf faf) ]2
Mo Gy )= Dg o ) [DE.* *((x":wf ) D:“( (x:fyz)
The erm outside the brackets shows the change in wechnical
efficiency while the geomemic mean of the ™o ratos inside
the brackets measures the shift in wchnology between the
wo period 'T & 't+1'; this could be called wchnological
progress. So:

Efficiency change =

Dll:,d-i (xtiﬂ!._ytiﬂ!.)
D} (x%.¥)

2
[ D5 (="25™2) of 5" |7
Lo F+574) D57 ()

Technical change=

In each of the formulas i.e., equaton (6) & (7), a valug
greawr than one indicawrs a positve growt of TFP (an
improvement) from a period 't © 't+1' and a valug gmaller
than one represent dewriorations in performance over ime.

We can decompose the wmwl factwor productvity growth in
following way as well:

MTFPI=Technical Efficiency changeX Technical Change

(Cawching up effecr) (Fronter effecr)

MTEFPI is the product of measure of efficiency change
(catwching up effect) atcurrentperiod 't and previous period
's' (average geomemically) and a wchnical change (fronter
effect) as measured by shift in a fronter over the same
period. The cawhing up effect measures thata firm is how
much close © the frontder by capwiring exentof diffusion of
wchnology or knowledge of wchnology use. On the other
side fronder effect measures the movement of fronuer
bemween ™o periods with regards  raw of wchnology
adopton. In DEA-MalmquistTFP Index dogs notagsume all
the firms or sectors are efficient so therefore any firm or
secwor can be performing less than the efficient frontder. In
this methodology we will use the outpur oriented analysis
because mostof the firms and sectors have their objectve
maximize outputin the form of revenue or profit Itis also
assumed that there is consmnt remrn w© scale (CRS)
tchnology © eguimate dismnce functon for calculatng
Malmquigt TFP index and if ®echnology exhibits consmant
remrn © scale (CRS), the input based and oumpurt based
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Malmquist TFP Index will provide the same measure of
productvity change.

Time Series Econometric tests to assess the nature of the
relationship between TFP and FDI:

Step —I: The Stationarity Test (Unit Root Test):

It is suggeswed that when dealing with ime series dam, a
number of economemic issues can influence the esimaton
of parametwrs using OLS. By regressing a tme series
variable on other ime series variables using OLS estimaton
can resultin a very high R?, although there is no meaningful
relatdonghip between the variables. This simaton reflect
the problem of spurious regression begween wmlly
unrelawed variables generard by a non-smtonary process.
Therefore, prior © wsung Coinegraton and implementng
the Granger Causality st economewic methodology needs
1 examing the smtonarity; for each individual ime series.
Mostmacroeconomic dat are non-smtonary, i.€., they end
10 exhibita dewerministc and/or sochastic wend. Therefore,
it i3 recommended that a smtonarity (unit root) wstT be
carried outw wstfor the order of inegraton. A series (X)) is
said © be smtuonary if the mean and variance are ume—
invariant A non-$muonary nme series will have a 1me
dependent mean or make sure that the variables are
smtonary, because if they are not, the sandard agsumptons
for asympwc analysis in the Granger westwill notbe valid.
Therefore, a sochagtic process thatis said © be smtonary
simply implies that the mean [E(X))] and the variance [var
(X)] of X remain consmnt over 1ime for all t and the
covariance [cov(X, X))] i.e., the correlaton between any
wo values of X mken from different ime periods depends
on the difference apartin ime between the wo values for all
T $. Since smndard regression analysis requires that dat
series be smtonary, itis obviously impormnt that we firgt
testfor thig requirementwo deermine whether the series used
in the regression process is a difference smuonary or wend
sTtonary.

To wstthe smtonary of the variables, we use the Augmented
Dickey Fuller (ADF)wst, PhillipsPerron Unit Roort
Tegw&Dickey Fuller wstwith GLS dewending.

Now, once the number of unitroots in the series is decided,
the next swp before applying Johansen's (1988)
coinwegraton w$tis 0 dewrmine an appropriate number of
lags  be used in egumaton since the choice of lag length is
crucial in the Johansen procedure. In selecion of
appropriae lag length, smndard liwrawre follows either
Akaike Informaton Criwria (AIC) or Bayesian Informaton
Criteria (BIC) which is also known as Schwarz Informaton
Criwria (SIC) or both. In our swdy, the appropriaw lag
length is seleced on the basis of Schwarz Informaton
Critria (SIC) as we are more ineresed w identfy the wue
model rather than  find outthe bestapproximatng model
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10 the unknown dam generatng process which AIC acwally
gives (Henry de-Graft Acquah, 2009). Another reason is
that, AIC does notdepend direcdy on sample size. Bozdogan
(1987) nowd 1that because of this, AIC lacks cermin
propertes of asympw1c consisency. Although BIC wmkes a
similar form like AIC, it i3 derived within a Bayesian
framework, reflecs sample size and have properies of
agympw1c consisency. For reagonable sample sizes, BIC
apply a larger penalty than AIC, thus other factwors being
equal itend w© selectsimple models than does AIC. From a
Bayesian view point this motvawrs the adoptdon of the
Bayesian information criwria. Bickel & Zhang (1992) &
Zhang (1993) demonswate that BIC is consisent whilst in
conwastAIC isnot.

Step —I1: The Cointegration Test

Regression on non smtonary variables is permited if their
lingar combinaton is smtonary. It has been recognized in
recent lierawre that if a linear combination of inwgrawed
variables is smtonary then such variables are said © be
coinegrard. Although Engle and Granger (1987) was the
firgtwo inwoduce the coinegraton st the ©$ propounded
by Swock and Watgon (1988), Johanson (1991) and Johansen
and Juselius (1990) are more useful in ®stung the long run
equilibrium relationghips in multvariatw setung.

Step III: The Granger Causality Test:

Causality is a kind of smtstcal feedback concept which i
widely used in the building of forecasing models.
Higwrically, Granger (1969) and Sim (1972) were the ones
who formalized the applicaton of causality in economics.
Granger causality wst is a wchnique for dewrmining
whether one time series is significantin forecagtung another
(Granger, 1969). The smndard Granger Causality Test
(Granger, 1988) seeks 0 dewermine whether pagtvalues of a
variable helps © predict changes in another variable. The
definitdon smws thatin the conditonal diswibuton, lagged
valuegs of Yt add no informaton w explanaton of
movements of Xtbeyond thatprovided by lagged values of
Xrtitself (Green, 2003). We should ke note of the factthat
the Granger causality wchnique measures the informaton
given by one variable in explaining the lawst value of
another variable. In addidon, italso says that variable Y is
Granger caused by variable X if variable X agsiss in
predictung the values of variable Y. if this i the case, itmeans
that the lagged values of variable X are smugucally
significant in explaining variable Y. The null hypothesis
(HO) thatwe w®stin this case that X variable does notGranger
cause variable Y and variable Y dogs not Granger cause
variable X.

Empirical Results of MTFP Growth:

In this sectdon, we have calculatwed wmwl facwr productvity
growth and ity component using Malmquist Productvity
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Index under wo inputs—labour & capiml and one ouput  manufacwring induswies for the pre as well ag posrreform
framework. Esimaton of annual TFP growth rawe of Indian ~ period ataggregatw level are presented in Table: 1, Table: 2

Table: 1 — Malmquist Index Summary of Annual Means for the Entire Period

Year EFFCH TECHCH PECH SECH TFPCH
1980-81 - - - - -
1981-82 1.000 1.177 1.000 1.000 1.177
198283 1.000 0.974 1.000 1.000 0.974
1983-84 1.000 1.088 1.000 1.000 1.088
1984-85 1.000 0.923 1.000 1.000 0.923
1985-86 1.000 1.017 1.000 1.000 1.017
1986-87 1.000 0.947 1.000 1.000 0.947
198788 1.000 1.083 1.000 1.000 1.083
1988-89 1.000 1.004 1.000 1.000 1.004
1989-90 1.000 1.146 1.000 1.000 1.146
1990-91 1.000 1.039 1.000 1.000 1.039
1991-92 1.000 1.110 1.000 1.000 1.110
1992-93 1.000 1.038 1.000 1.000 1.038
1993-94 1.000 0.918 1.000 1.000 0.918
1994-95 1.000 1.361 1.000 1.000 1.361
1995-96 1.000 1.014 1.000 1.000 1.014
1996-97 1.000 0.973 1.000 1.000 0.973
1997-98 1.000 0.917 1.000 1.000 0.917
1998-99 1.000 0.954 1.000 1.000 0.954

1999-2000 1.000 0.798 1.000 1.000 0.798
2000-01 1.000 0.871 1.000 1.000 0.871
2001-02 1.000 1.149 1.000 1.000 1.149
2002-03 1.000 0.879 1.000 1.000 0.879
2003-04 1.000 1.112 1.000 1.000 1.112
2004-05 1.000 1.211 1.000 1.000 1.211
2005-06 1.000 1.197 1.000 1.000 1.197
2006-07 1.000 1.040 1.000 1.000 1.040
2007-068 1.000 1.024 1.000 1.000 1.024
2008-09 1.000 0.996 1.000 1.000 0.996
200910 1.000 0.949 1.000 1.000 0.949
201011 1.000 0.902 1.000 1.000 0.902

Mean 1.000 1.020 1.000 1.000 1.020

Source: Authors own gsumates by using DEAP software, version 2.1

From Table-, we find thatthe annual average TFPG for the
Indian manufacwring secwr for the entre period under
sudy (198081 © 2010-11) is positve and itis 2.0. From
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Table-2, for the pre-reform period (198081 1 1990-91) the

annual average TFPG is also positive and itis 3.70.
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Table: 2 — Malmquist Index Summary o

f Annual Means for the Pre-reform Period

Year EFFCH TECHCH PECH SECH TFPCH
1980-81 - - - - -
1981-82 1.000 1.177 1.000 1.000 1.177
198283 1.000 0.974 1.000 1.000 0.974
198384 1.000 1.088 1.000 1.000 1.088
1984-85 1.000 0.923 1.000 1.000 0.923
198586 1.000 1.017 1.000 1.000 1.017
1986-87 1.000 0.947 1.000 1.000 0.947
1987-88 1.000 1.083 1.000 1.000 1.083
198889 1.000 1.004 1.000 1.000 1.004
1989-90 1.000 1.146 1.000 1.000 1.146
199091 1.000 1.039 1.000 1.000 1.039
Mean 1.000 1.037 1.000 1.000 1.037

Source: Authors own ggimats by using DEAP

softwarg, version 2.1

Table: 3 — Malmquist Index Summary of Annual Means for the Post-reform Period

Year EFFCH TECHCH PECH SECH TFPCH
1991-92 1.000 1.110 1.000 1.000 1.110
1992-93 1.000 1.038 1.000 1.000 1.038
1993-94 1.000 0.918 1.000 1.000 0.918
1994-95 1.000 1.361 1.000 1.000 1.361
1995-96 1.000 1.014 1.000 1.000 1.014
199697 1.000 0.973 1.000 1.000 0.973
199798 1.000 0.917 1.000 1.000 0.917
1998-99 1.000 0.954 1.000 1.000 0.954

1999-2000 1.000 0.798 1.000 1.000 0.798
2000-01 1.000 0.871 1.000 1.000 0.871
2001-02 1.000 1.149 1.000 1.000 1.149
2002-03 1.000 0.879 1.000 1.000 0.879
2003-04 1.000 1.112 1.000 1.000 1.112
2004-05 1.000 1.211 1.000 1.000 1.211
2005-06 1.000 1.197 1.000 1.000 1.197
200607 1.000 1.040 1.000 1.000 1.040
2007-08 1.000 1.024 1.000 1.000 1.024
2008-09 1.000 0.996 1.000 1.000 0.996
2009-10 1.000 0.949 1.000 1.000 0.949
201041 1.000 0.902 1.000 1.000 0.902

Mean 1.000 1.012 1.000 1.000 1.012

Source: Authors own ggtimates by using DEAP sofwware, version 2.1

Table-3 represents the annual average TFPG of the Indian
Manufacwring induswies and itis 1.2. Therefore we can say
thatthere is a fall in the TFPG from pre o postreform period.
This results reveals thatdecling in the induswy's TFPG is due
10 it productvity based fronter capability.

Empirical results from the causal relationship between
change in foreign direct investment and change in total
factor productivity growth for the Indian
Manufacturing Industry:-

From unit root ®stng, we have the following results as
presenedin Table 3.2.1,3.2.3& 3.2.4.

Table 3.2.1: Resulw from ADF UnitRoot Test

Variables Intercept Only Trend & Inwerceprt
Level 1°* Difference Level 1** Difference
ATFP -5.031369* -9.610398* 4.944927* -9.432294*
AFDI -1.921073 4.308293* -1.635656 -5.240784*

Source: Authorg own esimat. (¥, ¥*, *** represents the significance level at1%, 5% & 10% respectvely)

The resultof ADF unitrootwest is presented in Table-3.2.1.
Each variable is ®swed in their level & firstdifference with
inerceptonly and wend & inwrceprt Itis found thatthe null
hypothesis of unitroots cannot be rejeced at conventonal
significance levels for FDI. Therefore it can be concluded
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thatall series are smuonary atlevel i.€., all the series are I(1).
For the ADF w®st, the opumum lag selecton ig based on
Schwarw Informaton Criwrion. Table 3.2.2 suggestthatthe
appropria® lag length is 2 for the oml factwor productvity
and for FDI the appropriat lag lengthis 1.
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Lags SIC
ATFP AFDI
Inercept Only Trend & Inwreept Inercept Only Trend & Inercept
1 0.594739 0.479411 4.745224* 4.803730*
2 0.472002* 0.350986* 4.904462 4.969009

Source: Authors own gsumate

The aswrisks (*) in the Tble 3.2.2 indicates the best (thatis, minimized) values of the SIC.

Table 3.2.3: Resulws from Phillips—Perron Unit Root Test

Variables Intercept Only Trend & Inercept
Level 1°* Difference Level 1°* Difference
ATFP -5.052008* 9.610398* 4.971133* -9.432214*
AFDI -1.906710 -10.39929* -4.333240* —17.86455*

Source: Authors own gsumate. (¥, **, *** represents the significance level at 1%, 5% & 10% respectvely)

The result of PhillipsPerron unit root ®sts is presented in
Table-3.2.3. Each variable is w®swd in their level & first
difference with inwrcept only and wend & inwrcept It is
found that the null hypothesis of unit roots cannot be

rejeced atconventonal significance levels for FDIs. Thus it
can be concluded thatall series are smtonary atlevel i.g., all
the seriesare I(1).

Table 3.2.4: Resulws from DF—GLS dewending Unit Root Test

Variables Inwrcept Only Trend & Inwrcept
Level 1% Difference Level 1°* Difference
ATFP -4.598083* -7.565914* 4.862391%* -9.102501*
AFDI -0.975706 -5.936419* -1.249187 -5.948666*

Source: Authors own egumate. (¥, **, *** represents the significance level at 1%, 5% & 10% respectvely)

The resultof DF-GLS dewending unitrootwest is presented
in Table-3.2.4. Each variable is ®sed in their level, first
difference and second difference with inwercept only and
wend & inwreept Itis found thatthe null hypothesis of unit
root also cannot be rejeced at conventonal significance
levels for the AFDI. Therefore it can be concluded that all
series are gmtonary attheir level i.e., all the serigg are I(1).

Results from Cointegration Test:

Having esmblished the ime series propertes of the dam, the

st for presence of longtun relatonship between the
variables using the Johansen Cointegration TEST i$
conducwd. The Johansen approach can dewrming the
number of cointugraton vecwrs for any given number of
non-smtonary variables of the same order. The results
repored in Table-3.2.5.suggests that the null hypothesis of
no coinegrating vecwrs can be rejeced at 1% level of
significance. ITcan be seen from the wace smtstcs thatwe
have ong co-inwgraton equaton atboth 1% and 5% level.

Table 3.3.5: Johansen Coinwgraton Test Results

Hypothesized Trace 5 Percent 1 Percent
No. of CE(s) Eigenvalug Smtgdc Cridcal Valug Cridcal Valug
Nong ** 0.623142 30.98047 25.32 30.45
Atmogt 1 ** 0.618507 17.658024 12.25 16.26
Trace wytindicaws 1 coinwgratng equation (s) atboth 5% and 1% levels
*(**) denomws rejecton of the hypothesis atthe 5%(1%) level

From Johangen Co inwegration w®stresult the normalized co
integration equaton can be writen as:

ATFP= 2.768683 0.619896 AFDI
(3.12%) (2.91%)

From the above normalized coinrgration equaton we can
say thatone unitchange in FDI leads  0.62 unitchange in

+
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TFP for the Indian Manufacwring induswy. tsmtustcs are
given in the parenthesis which are also significantat1% (*)
level of significance. Thus we can say thatthere ig a long-run
relationship between wml factor productuvity growth and
foreign direct invesmment for the Indian manufacwring
industies.

Findings from Granger Causality Test:
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The result of Pair wise Granger Causality between ATFP
and AFDI for the Indian Manufacwring induswy are
presented in Table-3.2.6. The results reveal that there is a

Table 3.2.6: Gran

unidirectonal causal relatonship between change in TFP
and change in FDI. Our resultconfirms thatchange in FDI ig
the Granger cause of change in TFPatlag2, 3 & 4.

ger Causality st Results

Null Hypothesis Lag Observations F-Statistics Probability Decision
AFDI does not 1 30 1.1007 0.1590 Accept
Granger Cause 2 29 4.8999 0.0216 Reject
Real wage rate 3 28 4.20891 0.0281 Reject
ATFP 4 27 4.10091 0.0298 Reject
ATFP does not 1 30 0.08902 0.7270 Accept
Granger Cause
AFDI 2 29 0.40231 0.6501 Accept
3 28 0.37881 0.8289 Accept
4 27 0.91890 0.1771 Accept

Source: Authors own esumat.

Summary & Conclusion:
The following are the major findings of our study:

Firgt, the result on the overall productuvity digplays a
declining wend of MTFPG in post reform period as
compared w pre reform period for the Indian Manufacwring
induswy. Therefore, it may be concluded that the
liberalizadon policies has its adverse impact on the overall
Indian manufacwring induswy's TFP growth.

Second, our result also confirmsg a significant causal and
long-run reladonship between foreign directinvesmmentand
womwl facwor producuvity for the Indian Manufacwring
induswy. The directon of causality is from FDI 1w real TFP
growth.

Therefore, FDI act as an ingredient of wml factwr
productvity growth for the Indian Manufacwring
Indusies.
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