Economics and Finance in Indonesia Vol. 5

FDI Spillovers in Indonesia's
Chemical Industry: A
Stochastic Production Frontier
Analysis

Ahmad Helmy Fuady

Abstract

There has been increasing role of Foreign Direciéstment (FDI) in developing
countries since the 1980s. Interestingly, FDI istranly expected to bring direct
effects, but also indirect effects or "spillovers a hosti economy. This paper
aims to investigate FDI spillovers in the Indonesighemical industry, whether
domestic firms benefit or not from foreign invesmeA stochastic production
frontier approach is adopted to a firm level parmtta for the periode of 1998-
2000. There are three important findings. First,dte is a clear hierarchy of
technical efficiency of chemical firms based on ihewnership status. Foreign
owned firms have the highest level of technicaiaincy, followed by joint
ventures and domestic firms. Second, even thoudghphper confirms positive
spillovers in the industry, the magnitude is relaly small. It shows that the
Indonesian chemical industry has not yet been atoléake full advantage of
foreign presence. Third, a wider technology gapviztn domestic and foreign
firms results in a higher spillovers. Findings dfis paper imply that more FDI
inflow into the Indonesia's chemical industry mayehefit the industry.
However, understanding the process of how the fprgiresence affects domestic
firms is important to take full advantage of theréign presence.
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[. INTRODUCTION

Since the 1980s, there has been a surge in foredjrect investment (FDI) into
developing countries. In 2004, FDI inflows to dewgling countries shared 36 percent
of world FDI inflows (UNCTAD 2005). Moreover, Aitkeand Harrison (1999; 605)
note that FDI has become the largest source of dep@ng countries' external
financing in the 1990s; FDI accounted for about 5fercent of private capital flows
to developing countries in 1997. Interestingly, FO4 not only expected to bring
direct effects, such as lower prices for consumergher quality products, higher
tax revenue for government and higher employmentt kalso indirect effect or
"spillovers" to a host economy (Blomstrom 1989: &)- Moreover, spillovers as
indirect effect of FDI are claimed as the most sifoant contribution of foreign
investment (Blomstrom 1989: 36). The spillovers tunfluence the industrial
structure of a host economy and domestic firms' foemance (Blomstrom 1989: 36
and Imbriani and Reganati 1999:9).

Spillovers can occur at least through three chansetompetition, technology
diffusion, and demonstration effect (Blomstrom 19896-9; lyer, et al. 2004: 9;
Karpaty and Lundberg 2004:3). First, foreign invesent can enhance competition,
which could then drive inefficient firms out of buisess, increase domestic firms'
efficiency and increase allocative efficiency indhhost country industrial structure
(Karpaty and Lundberg 2004:3; lyer, et al. 2004: Second, technology diffusion occurs,
for example, through licensing or trained labor whmove from foreign firms to
domestic firms. Foreign affiliates can acceleratechnology diffusion in a host
country, for example, through licensing. Trained b@r and management by foreign
firms, who later can move to domestic firms, cangrove the host country's human
capital. Finally, demonstration effect occurs in dwestic firms through observing
foreign practices.

In line with the increasing FDI flows to developingountries, recently there
has been wide interest in FDI spillovers. There aenumber of studies examining
spillovers from FDI, such as Blomstrom (1989), Hasket al. (2002), Thong and Hu
(2003), Karpaty and Lundberg (2004), Sena (2004jpddad and Harrison (1993),
Djankov and Hoekman (2000), Kathuria (2000) and Betet al. (2004). However, these
studies do not end in a single conclusion on thédewce of FDI spillovers (Dhanani
and Hasnain 2002).

Many empirical studies confirm a positive relationp between FDI and
productivity. Using value added per employee in dstically owned firms as a
measure of technical efficiency, Blomstrom (1989)



FDI Spillovers in Indonesia's Chemical Industry: A Stochastic
Production Frontier Analysis

shows that foreign investment had a positive effecthe firms' efficiency in Mexico.
Similarly, Haskel,et al. (2002) shows a significant positive correlation visn
domestic plant's total factor productivity (TFP)dathe foreign-affiliate share of
activity using plant-level panel in the United Kdam manufacturing from 1973-1992.
Thong and Hu
(2003) show that the employment shares of foreifjiiates are associated with
higher domestic productivity. Karpaty and Lundberg
(2004) find that the presence of foreign ownershiphe same industry and region
seems to improve total factor productivity of dotresfirms in Swedish
manufacturing. While, Sena (2004) shows that, il lfalian chemical sector, the
technical change registered by high-tech firmsistgmtly affects productivity growth
of non-high-tech firms.

On the other hand, other empirical studies show #al has a negative
spillovers effect on the host country. Haddad aradridon (1993) find evidence of
negative spillovers for Morocco. Djankov and Hoekn{2000) report that negative
spillovers occurred for Czech enterprises withaueign affiliation. Kathuria (2000)
confirms the negative spillovers for Indian mantdaag firms. Similarly, Peteet al.
(2004) find that, in Russia and the Czech Repultie,distance to the frontier for
domestic firms in industries with greater sharéoogign firms is larger than domestic
firms in industries that have a smaller foreigrspree.

There have been also several studies on spillameirsdonesian industries, for
instance, by Sjoholm (1997), Blalock and GertledQ2), Thee (2005), Jacob and
Meister (2005), and Takii (2005). Sjoholm (1997l arakii (2005) confirm the positive
spillovers that benefited domestic firms, but thféeat differs across industries.
Moreover, Sjoholm (1997) finds that the spillovexscurred in sectors with a high
degree of competition, and that the larger techmolgap between domestic and
foreign firms resulted in larger spillovers. Bldtognd Gertler (2004) also confirm that
firms that have a narrow technology gap benefi fesm foreign presence. Jacob and
Meister (2005) find a significant positive spillavin Indonesian manufacturing,
particularly in post-liberalization period (198898). In contrast, Thee (2005), notes
that Indonesia has not yet been able to take fihatage of technology transfer from
FDI. These studies, however, indicate that thelssts are influenced by sectoral
characteristics and industrial market structure.

Taken together, the literature suggests that sgit require a certain level of
technology, human capital, and a sound businessroament for transfer of
technology. FDI does not automatically bring
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substantial spillovers and linkage effects, norsdibenecessarily lead to
technological upgrading, and complementary effaits necessary to
maximize the technological benefits of FDI (Sjohdl®97: 3; Okamoto

and Sjoholm 2001: 28). A minimum threshold stockhoiman capital

sufficient to absorb advanced technology from FDdrider to contribute to
growth, for example, is needed (Borensztegh,al. 1998). The least
developed countries might not learn much from fgmgiresence possibly
because they lack the absorptive capacity (Bloms&bal. 1994). The

characteristics of the host country's industry poticy environment are
also important determinants of the net benefit&=bf (Blomstrom and

Kokko 1997).

Even though a considerable amount of researchdasdone on the
existence of spillovers, so far, there has beestundy that gives particular
attention to spillovers in the Indonesian chemiodustry. This present
study attempts to fill this gap, by investigatitg tspillover effect of FDI
in Indonesia's chemical industry. A question remmaivhether foreign
presence brings spillovers in the Indonesian chamicdustry and
benefits domestic firms. Moreover, in providing newidence in this
area, this paper also adopts a stochastic produdtantier analysis,
which has not been used previously to examine Hdllogers in
Indonesia. Thus, unlike previous studies, such yasSjoholm (1997),
Blalock and Gertler (2004) and Jacob and Meist®0%2, this paper
examines not only the spillovers, but also whether foreign presence
enables domestic firms to catch up with the bedbpming firms.

The spillovers of FDI are measured by their respectontribution
towards increasing technical efficiency. First,stimaper estimates the
effect of the foreign presence in the overall indusSecond, it estimates
the spillover effects on domestic firms; whethemestic firms benefited or
not from foreign presence and what factors coufldémce the spillovers.

A stochastic production frontier approach is addptea firm level
panel data for 1998-2000 period. This approachmgleyed since it can
capture the technical efficiency effect of a firmdomparison with the
best practice production frontier. Moreover, thpraach also corrects the
problem of a productivity measurement, where TFPassumed as
synonymous with technical change, which usuallyeapp in standard
assessment (lyeet al. 2003: 4). The stochastic production frontier allows
for decomposing a growth rate of TFP into the tesdirefficiency change
and the technological progress components (8tea|. 2003: 4). In
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addition, only few studies have applied a stochasthduction frontier in
analyzing the effect of foreign presence on a lwosintry. Among this
exception are Kathuria (2000) for India and ly#ral. (2003) that measure
spillovers from alternative forms of foreign invesnt.

This paper consists of six sections. Section 2 idess a brief
description of Indonesia's chemical industry. SectB presents the
methodological framework. Section 4 describes @ énd variables to
be used. Section 5 provides the estimation, firgliagd discussion,
which lead to the conclusion in the final section.

Il. INDONESIA'S CHEMICAL INDUSTRY

Before going further, it is important to note tHadonesia's chemical
industry becomes the particular interest of thipguasince the chemical
industry is an important part of the manufacturgggtor in Indonesia. In
1994 and 1995, for example, the share of this sécttmotal medium and
large scale industry was 11 percent of employmEntpercent of output
value and 13 percent of value added (EPS 1994 BG4 895).

In terms of exports, the chemical also made a figmit contribution
to the Indonesian economy. Prior to the crisis, ghare of the chemical
industry's exports to total exports was approacBimgercent. It then was
relatively stable at 8 percent until 2001, and sitigen, it continuously
increased to more than 10 percent in 2004 as Figurshows (Appendix
A). Moreover, based on Asian Development Bank (ABRBY indicators,
the exports value of the chemical slightly increaf®em end of 1980s to
2004. If in 1987 the chemical exports were US$ 3 @llion, it has reached
US$ 3,839 million in 1997 and US$ 7,544 millior2Do4.

Moreover, the chemical industry is a favorite sethat attracts large
amounts of FDI into this industry. Even thoughxiperienced a fluctuation,
from 1994 to 2004, on average, around 30 perceiatalf FDI are approved
to involve in the chemical and pharmaceutical seamshown in Figure
A.2 (Appendix A). As a percentage of total impler@ehFDI, the chemical
also shows its significance. Before experiencindeareasing trend after
the Asian crisis, the contribution of the chemgafidustry reached more
than 45 percent of total implemented foreign inwesit in Indonesia in
1997 as Figure A.3 shows (Appendix A). In additiyen though
experiencing a decreasing trend after the Asiasisgibased on this paper's
calculation, on average the foreign share of tétalonesia's chemical
output is still more than 13 percent annually dyitime 1998-2000 period.
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IIl. METHODOLOGICAL FRAMEWORK

A stochastic production frontier is able to capttire inefficiency effect,
which is ignored in neoclassical production theg@tgngel al. 1999: 268-9).
As introduced by Aignert al.(1977) and Meeusen and van den Broeck
(1977), the stochastic production frontier can geptthe inefficiency
effect through its non-negative component in thereterm (Kompas
2002:14). In panel data with firin= 1, 2,..., n, and time¢ = 1,2, ..., T,
following Battese and Coelli (1995), the model barexpressed as:

Yi[ = f (X\ta pa t)
(CND)

Where Y,> indicates outpuXu is a vector of inputdt denotes a vector of
parameters to be estimated. The systematic compduej includes
random deviation caused by variables outside th&aloof firms, and itis
distributed as N (0,,6). While, the error terrJn > 0 captures production
technical efficiency.

Following Konget al.(1999:270), taking the derivative of logarithm of
equation (3.1) with respect to tirhat defines:

X (32)

Dotted variables denote time derivatives, e’ aifl indicate the

output elasticities of / (X,>3, t) with respect to X,andt, respectively.
Equation (3.2) shows that output changes consitiirek parts (Kongt
«/.1999:269). First, it corresponds to the inpuardes, weighted by
output elasticities. The effect of random ewgcan be ignored since it is
equal to zero becausss distributed as N (0,3. The rate of total factor
productivity change is determined &/, andu,, , which denotes

the rate of technological change and technicalcieffcy change
respectively.

Since stochastic frontier analysis imposes a commauuction
technology across firms, it is vulnerable to ameim model specification.
This paper uses a panel data model with a trangegification of the
production function. As noted by lyest al. (2004: 8), this translog
specification is a flexible functional form thatnceninimize the error in a
model specification. This paper also adopts ailadjthood ratio to test the
model against other functional forms, such as Cobb-
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Douglas or translog with neutral technology chafge translog model
adopted in this paper is expressed as:
|n* " \nX]\/ ln*m

where Xs denote inputs;; arkdindex inputs (/,..., fc=l,...,4) represents
capital, raw material, fuel, and labor, respecyiveindicates time trend;H
denotes random deviation in output caused by viesabutside the
control of firms, and it is distributed to be idieatly and independently as
N(0, CTV)). Technical efficiency erroyH is assumed to be distributed as a non-
negative half-normal with N (0, ). However, the assumption of un to be
id N0, a?) is no longer relevant if technical efficiencyaiffiected by some
factors, and truncated into N(uio\?) (Battese and Coelli 1995). As
suggested by Battese and Coelli (1995) and Kenal. (1999), the
inefficiency distribution parametasH depends on some factorsf

lit= <5b+ ESZ.it (3.4)

whereSis parameter to be estimated afid denotes variables associated
with technical inefficiency of production.

For the estimation, consider ;&ras variances of the one-sided
parameters (u), évas variances of the systematic (Vsa/+o\i’ and
y=cruf/(c7V+o-1f) (Coelli 1996). If the y parameter is significattie
stochastic frontier production function is needéetbwever, if the y
parameter is equal to zero (y=0), then ordinargtleguare (OLS) is
enough because it shows thgtia also equal to zero and therefore rhe
could be removed (Coelli 1996). A set of log-likelod tests can be used to
determine the existing stochastic frontier, its dional form of
production function and type of technical change.

Following Konget «/.(1999), Equation (3.3) allows for non-neutral
technical change, with the rate of technologicahcee f;; ,as:

e = (3.5)

The technical change will absent if /7= PTI= 0, while ySr; = 0 result in
neutral technical change. Moreover, when /?rr;=/r- fijk =0, Equation
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(3.3) will result in a Cobb-Douglas production ftien, which is a specia
case of the translog frontier.

Furthermore, as suggested by Battese and CoedBjEhd Coelle al.
1998, the estimation of technical efficiency ofrfgi in periodt usinj the
expectation of conditional random variablecan be expressed as:

TE = EORJULXIQ gy ity (36)
E(Yst|uit = 0,Xit

Total factor productivity growth can be estimatsdtee summatior of
the rate of technical efficiency change and the rat technologica
change. Since the rate of technical efficiency geas defined from twc
consecutive yearsgc_ TE, _a matching rate of technologica

N
n U TE

changgTP;_y) is needed. Kongt al.(1999) solve this problem bj

simply averaging the rates of technological chavfgbe consecutive
years,TPy \, = + . Therefore, as suggested by Kagl

(1999), the rate of total factor productivity isirested as:

T 1
TEP =€ _1te5)/2 EU_' (3.7)

IV. DATA, MODEL AND VARIABLES

4.1 Data

Data is drawn from the annual survey for indusfiifahs, conducted and
compiled by the Indonesian Statistics Age(Bsgtdan Pusat StatistiEPS).
The raw database includes output (total value lgpralcessed goods in
thousand of rupiah), capital (total value in thoubaupiah, including
land, machinery, car and building), number of pmitn and non
production labour, total paid labour (average nuntfeworkers), fuel
(total value of solar, premium, oil, coke and gaghousand ol rupiah),
material input (total value in thousand of rupiabyynership share of
foreign, private domestic, and state (central aedl), and the year when
firms started to operate commercially. Since thta éae ir current value,
an adjustment is made using a GDP deflator of theufacturing sector
obtained frontatistik Ekonomi dan Keuangan
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IndonesiaBank Indonesia, with 1993 as the base ykaole 4.1provides a
description and summary statistics of the variables

. Table 4.1Variables
description and summary statistics

Variables |Description Mean Std. Dev. Min Max

Vv Output (000 Rp) |9,440,897.00 |40,000,000.00 |(6,337.42 |979,000,000.00

K Physical capital  [6,889,741.00 |71,900,000.00 |88.31 2,540,000,000.00
(000 Rp

M Material inputs 5,503,140.00 |21,200,000.00 |17.23 535,000,000.00
(000 Rp

f Fuel value (000 Rp) 223,550.10 4132227100 |0.33 188,000,000.00

L Workers (person) |180.58 370.01 16.00 5,466.00

P Foreign Presence |13.15 6.35 440 18.88
(%)

TG Technology Gap [1.03 3.33 0.00 62.29

LP Labor Quality 0.78 0.18 004 1.00

AGE Firms Age (year) [16.60 14.01 1.00 101.00

Firms existed in the chemical industry in 1998 eh@sen as the
basis of the dataset. After removing some missingsf and variables
over the period 1998 to 2000, only 1,188 firms rignfar estimation
purposes. The first estimation uses unbalanced | pd@i@ set, that
consists of 1,188 firms over the period 1998-2@#03,202 observations
with 362 observations not in the panel. In thistfidataset, firms were
estimated regardless of their ownership statugidgarowned firms, joint

ventures, and domestic firms. In 1998, there weyé6lfirms, consisting of

18 foreign firms, 86 joint ventures, and 942 doiceBms. In 1999, there
are 1,070 firms, consisting of 29 foreign firms, j8BBit ventures, and 958
domestic firms. In 2000, there were 1086 firms,sistmg of 31 foreign
firms, 92 joint ventures, and 963 domestic firms.

4.2 The Model

Two estimations are conducted in this paper. Ringt,paper estimates the
effect of foreign presence on Indonesia’'s chenmchlstry as a

Unlike the standard classification, in this datasétm is classified as foreign firm if it

fully owned by foreign shareholder, classified @istjventure if its ownership is held by
domestic and foreign shareholders, regardless eir tshare of ownership, and
classified as domestic if fully owned by domestiareholders that could be central
government, local government and or private domesti
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whole. Besides that, this first estimation is alseeded to see the
difference of technical efficiency between firmsathhave a foreign
affiliation and firms without foreign affiliation.The translog model
adopted for this first estimation is specified as:

InYi, = po + PilnKi, + pInMit + psInFi, + pJnLi, + gT + pJnKi, InK; +
p7AnMi;InMu + pgInFitinF + pglinLitinLu + pioTT + Pn InKInM;, + Pn
pulnKi,T + ps InMgInFi, + Pk InM;; InLy + p
INFT + p20InL,T + (Vi = Uevevevereeeeeiean,
(4.1)

uit = %+ SjR + &TG; + 5LP; + 6,DF; + 5DJ; + AGEI, + cq (4.2)

where, Yu denotes production valuej denotes physical capital (land,
machinery, car and building)J, denotes total paid labomu denotes
material input,Fi, denotes fuel (solar, premium, oil, coke and gas),
indexes time trend,Flenotes the share of foreign output in the ingustr
TCit denotes technological gdg?ndenotes the ratio of production labor to
total paid laborDFn and D/i, are dummy variables for foreign ownership
(if fully foreign owned firm DFu = 1, if joint vente D/u = 1, if domestic
firm DFi=D/i=0), andAGEndenotes age of firms.

The second estimation is conducted to estimateeffet of the
foreign presence on domestic firms' technical &fficy. This second
estimation is of particular interest to this pajgemeasure the spillovers in
the Indonesia's chemical industry; whether forgiggsence promotes an
increase domestic firms' technical efficiency ort.nbloreover, this
second estimation is also designed to see sonw$abiat may contribute
to the spillovers. Technology gap and labor qualiy two variables that
are tested to measure the absorptive capacity ofedtic firms. The
translog model for this second estimation is sjeeCHs:

=Po+P pAnM; + paInF; + pnL i InFy + InK
prINMitinMi, + frinUInLi, + PioTT + + pisInKulnLi,
+ pulnKuT + + pilnFilnLu + py,
|nFitT + ... (43) (Vit -

Ui() .
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5P*LP; + SAGE; + cor
uit =60 + Si (4.4) 8,TG, + 8,LPit
where  P*TGj denotes the interaction variable between the
foreign presence and the technology gap, ®&ftiPn denotes the
interaction variable between the foreign presemckelabor quality. These
two variables are needed to estimate the absorpéipacity of domestic
firms.

It should be noted that for the second estimatarly domestic
firms are included in the dataset. The unbalane@etbdata, used in the
second estimation, consists of 938 domestic firver cghe 1998-2000
period, or 2,634 observations with 180 observatimisn the panel.

4.3 Inefficiency Variables

This section discusses the explanatory variableduded in the
inefficiency models.

(1) Foreign Presence

Foreign presence (P) may be measured either thtbadgbreign share of
total production or total inputs, such as employim&ancapital stock.
Many studies, such as Blomstrom (1989) and Aitkah Harrison (1999),
use foreign share of total employment to measuweefdteign presence.
However, following Sjoholm (1997), this paper uses first measure,
based on production. This measure is chosen beitasiset only able to
capture foreign participation in the industry, hiuglso can indicate
competition pressure from foreign firms. Technicilis calculated as:

(4.5)

whereFS; denotes share of foreign ownership in firat timet, and

Y, denotes output. A significant negative correlai®expected

between foreign presence and technical inefficighttye foreign
presence increases the technical efficiency osfimthe industry.
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Technology gap (TG) is measured by comparing lgroductivity of
firm i at timet (/, ) to average labor productivity of foreign firmas time
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()

The higher value of TG, the lower the gap betwésn's technology
to the average foreign firm's technology. Thus, &y indicate the level
of technology of a firm. Therefore, a negative elation between TG and
technical efficiency is expected.

TG is also a common indicator for absorptive capdor spillovers.

Thus, interaction variable between TG and foreigrsence is used to

measure the effect of TG on spillovers. Howevenasd by Karpaty

and Lundberg (2004: 7), there is disagreement eretfect of TG to

spillovers. On the one hand, to absorb the spitve certain level of

il technological capacity is required. In otheonds, a higher level of

il technology wiksult in a higher spillovers absorptive capadf@rpaty

I and Lundberg 2004. However, there is also an argument that

T t spillovers alpgtive capacity should be greater the largerdbbriology
gap (Sjoholm 1997, Karpaty and Lundberg 2004: figra@fore, a positive or
negative correlation between the interaction vdeiabnd technical
inefficiency can be expected.

! (3) Labor Quality

Labor quality (LP) is usually measured by labor eion or the ratio

between white and blue collar labor. However, theee not enough data
available for those indicators to be used. Theegfor this paper, labor
quality (LP) is measured as the percentage of mtowotu labor to total

labor. The higher LP means the lower labor qualltgus, a positive

correlation between LP and technical inefficienay/that a higher labor
quality will result in higher technical efficiendg, expected.

Like technology gap, labor quality also determities absorptive
capacity for spillovers. The interaction variableteen LP and the
foreign presence can be used to measure the effdabor quality on
spillovers. However, unlike the technology gap,olalquality seems to
have only positive effect on spillovers. A highabdr quality will result in
a higher spillovers absorptive capacity. Theref@epositive correlation
between the interaction variable and technicafiziefncy is expected.
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(4) Ownership Dummies

Two dummy variables (DF aridd) are used to differentiate firms based on
their ownership status; whether they are foreigmexv firms, joint
venture, or domestic firms (DFu = 1 if fully foreigwned firm, D/u = 1 if
joint venture, and DED/ii=0 if domestic firm). As suggested by Djankov
and Hoekman (2000), it is expected that fully-owrfedeign firms
produce most efficiently, followed by joint ventsrand domestic firms.
Therefore, a negative correlation between thosendesmand technical
inefficiency is expected.

(6)Age

The age of firms is an important determinant of fih@s' productivity. It
does not only measure how long the firms have lreéne industry, but it
also indicates firms' experience with competitiowl &2arning opportunity.
The learning curve effect suggests that a firm pridduce more efficiently
as it gets more experience. Therefore, a negatuelation between age
and technical inefficiency is expected.

The summary of expected effects of the inefficieaxglanatory
variables is provided iable 4.2.

Table 4.2Inefficiency

Variables and Expected Effects
Inefficiency Variables Notation Expected Effect
Foreign Presence P Negative
Technology Gap TG Negative
Labor Quality P Positive
Foreign Presence x Technology Gap P*TG Negative/Positive
Foreign Presence x Labor Quality P*LP Positive
Dummy Foreign DF Negative
Dummy Joint venture DJ Negative
AGE AGE Negative

V. FINDINGS AND DISCUSSION

The estimation of the models uses the FRONTIERpdogram, by Coelli
(1996). It is a handy program that can provide mmaxn likelihood
estimates of the parameters of a number of stactl@asduction and cost
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functions, so it can estimates the inefficiency eledn one steps process.
Basically, the program follows a three-steps procedn estimating the
maximum likelihood estimates of the parameters sfoghastic frontier
production function, i.e, ordinary least-squaretimedes, grid search and
the final maximum likelihood estimates (Coelli 1996

The estimation begins with a model selection to osleo an
appropriate production and technical inefficienapdtion. The following
are the estimation stages and empirical results.

5.1 Model Selection

Prior to estimating the models (Model 4.1 and 4a3odel selection is
conducted to choose the appropriate productiontifimcin selecting the
production function specification, a likelihood icatest is adopted for
both translog production functions against threerahtive models, (1)
translog with neutral technical chan@e = pu = Pw = fao =0), (2) translog
with no technological change (ffePw = pu = Pi? = Pw = fho =0), and (3)
Cobb-Douglas production function,{/2 Pn=flu = Pk =flu = Pis = /?i6=fin =
PIS=Pi9 = /220 = Q).

The likelihood ratio test compares the null hypsti€L(Ho)) and
the alternative hypothesis (L(Hi)) as follows:

LR= 2IN[LIHO)ANILHDT} covveeeeeeeereeemeceeeeeeeeesescessssssssse (5.1)

Table 5.1Model Selection for
First Estimation

Production Functions Test statistick  [Critical value a {Decision
0.01

Full Translog (Model 4.

Translog neutral technical change 26.01 12.48 Rejected

(HO:PH=P17=P19=P20=0)

Translog no technical change 5734 16.07 Rejected

(HO:p5=PIO=P14=PI17=PI9=P20=

Cobt-Doudlas (HO:p6=p7=...=p20= 7483 29.9¢ Reiecte

T=50=81=62= ... =86- 309.4. 19.3¢ Rejectel

81=82=83=... =86= 3132 16.0 Rejecte

80=81=82=83=.. =86 3132 17.7¢ Rejectel

r=0 61.54 541 Rejected

Note: the critical values for mixed &re based on Kodde and Paim

(1986)
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_ Table 5.2Model

Selection for Second Estimation

Production Functions Test statistic | Critical value a Decision
2
X =001

Full Translog (Model 4.3)
Translog neutral technical change 22514 12.48 Rejected
(HO:p,4=pi7=pi9=Pa>=(
Translog no technical change 264.89 16.07 Rejected
(HO:p.s=PIO=PI4=pl|7=PI9=P20=0)
Cobb-Douglas (HO:p6=p7=...=p2i>=0) 554.77 2993 Rejected
y=S0=51=82= ...=86=0 303.84 19.38 Rejected
51=82=63=... =56=0 307.07 16.07 Rejected
80=51=82=53=.=86=0 307.07 17.76 Rejected
y=0 90.49 541 Rejected

Note: the critical values for mixed &re based on Kodde and Palm (1986)

The critical values for mixed“xare taken from Kodde and Palm
(1986) for the 1 percent level of significance. Tiesult of the test is
provided in Table 5.1 and Table 5.2. As can be sénnull hypothesis
for the translog with neutral technical change, thenslog with no
technical change and the Cobb-Douglas functiormhg$oare rejected for
both the first and the second estimations. Thus, finl translog
production function is the most appropriate modelioth estimations on
the industry as a whole and on the domestic firnig. o

Second, following Kompas and Che (2005), this pates adopts a
test on the parameters of the stochastic produétantier and technical
efficiency. As can be seen from Tables 5.1 and th&,null hypothesis
that inefficiency effects are not stochastic (y#9)rejected. The null
hypothesis that there is no technical efficiendgas (y=SO=SI|=82= ...
=87=0), and that the chosen inefficiency variabds not influence
technical efficiency (51=52=53=...=57=0 and 50=52=3=...=57=0) are
also rejected. Even though the coefficient parametis relatively low
(see Table B.l and Table B.2), all statistical hssindicate that the
stochastic and inefficiency effects are significaint other words, the
traditional production function, with no technigagéfficiency, is not the
best representation of the datasets. Thereforaamdieast square (OLS)
estimates will not be appropriate for this paper.
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5.2 Technical Efficiency and Technological Changes

Technical efficiency levels are calculated from distance to the
production frontier, which are defined by the bpstforming firms
(Konget al.1999:276). The average efficiency level will batigkly high if
the performance of the firms in the industry araveogent, and will be
relatively low if the performances of firms in tledustry are going
diverge. Tablé.3 presents average technical efficiency of all fiirmghe
*hemical industry. As can be seen, foreign firmgehiie highest average
technical efficiency, followed by the joint ventuaad domestic firms.
Compared to total firms in the industry, foreigmfs and joint ventures
have higher average technical efficiency, while dstit firms have
lower average technical efficiency compared to Itdiians in the
industry.

Table 5.3 Average
Technical Efficiency

Yeal Foreign Firm |Joint Ventur |Domestic Total
199¢ 0.760: 0.720 0474 0.499¢
199¢ 0.579% 0.545: 0.404! 0.420:
200(C 0.384¢ 0.358: 0.271¢ 0.282:
Average [0.574¢ 0.541. 0.383: 0.400¢

The rate of technological progress in the indusegms to explain
the apparent average technical efficiency in trougtry. As noted by
Kong et al. (1999: 276-7), besides competition, technologicalgpess
enables firms to catch up with the best perfornfimgs. Table 5.4 shows
that foreign and joint venture firms experience atigkly rapid
technological change compared to total firms initiceistry. Therefore,
the gap between those firms and the best perforfirimg in the industry
is lower, leading to high technical efficiency. ¢dontrast, the domestic
firms, which have lower technological progress caneg to that of total
firms in the industry, cannot catch up with the rage technological
progress, which then leads to low technical efficie

Table 5.4Rate of
Technological Change
Year Foreign Firms Joint Ventures  |Domestic Total Industry
em TPit-i,i em TPIM. - lem TPH. Tem TPu-M
1998 0.1114 01127 0.0454 0.0898
1999 03500 (02307 [0.3662 [0.2394 |0.2995 |0.1725 |0.3386 |0.2142
2000 06226 04863 |06150 |04906 (05545 |(0.4270 |05974 |0.4680
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5.3Total Factor Productivity Growth

Table 5.5 presents the calculated growth rates of teiatbf productivity
(TFP). It shows that overall, the chemical indusikperienced negative
TFP growth. Differentiating firms based on theirrewship also show a
similar result. On average, the TFP of the indugtew by minus 0.13. A
significant reduction in average technical efficdgrmand low technological
progress may have caused the results. Interestitiglye is a different
growth rate of firms' TFP, based on their ownershipis is in line with
Djankov and Hoekman's (2000) finding that firmshafibreign affiliation
tend to have higher TFP. compared to pure domestisf Moreover, as
suggested by Borenszteat al. (1998: 133), since domestic firms have
better access to domestic markets, a foreign farertter the domestic
market should have lower cost and higher efficieticgompete with its
domestic competitors.

Table 5.5Growth Rate of Total
Factor Productivity

Year Foreign Finns |Joint Venture |Domestic Total Industry
1998/1999 -0.0071 -0.0038 0.0243 0.0546
1999/2000 0.1495 0.1476 0.0990 0.1400
Average 0.0712 0.0719 0.0617 0.0973
5.4Inefficiency Variable Estimation

Table 5.6 provides the estimation of technical inefficien@riables. The
foreign presence (P) has a negative and significaafficient for both
Model 4.2 andModel 4.4.This means that a higher foreign presence in
the industry resulted in a higher technical efficig for firms in the
industry. Moreover, given particular attention tomestic firms, estimation
result ofModel 4.4 confirms the positive spillovers in the industrigher
foreign presence in the industry resulted highécieficy for domestic
irms. The coefficient of foreign presence, howeigerelatively small, and
therefore suggests weak evidence of its effedhemtiemical industry.
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) Table 5.6Parameter
Estimates of the Inefficiency Functions

Coefficient: Standard Errc

Inefficiencv VVariahles (Maodel 4

Constar 1.207*" 0.32;
P -0 N3} N 01§
TG -0.050%* 0.00¢
LP 0.374** 0.047
DA -0.278* 0.04.
NI -0 173%* N NX1
AGF -0.0071*++* 0.00(
Inefficiencv Variables (Maodel 4.

Constar 1.327%* 0.14:
P -0.015 0.017
TG -1.021** 0.05¢
LP 0.298* 0.10(
P*TG 0.049%* 0.00¢
P*LP 0.002 0.00;
AGE -0.002*+* 0.001

Note: **, **and * denote statistical significee at the 0.01, 0.05
and 0.10 levels, respectively.

In addition, there is different magnitude of thdeef of foreign
presence on the total chemical industry (-0.033thaut distinguishing
firms' ownership, and on domestic firms only (-&D1The difference
shows that an increase in foreign presence wilreiage technical
efficiency of foreign affiliated firms more tharsiteffect in increasing
technical efficiency of domestic firms. This is mtrprising since joint
ventures and foreign firms have better accessctintdogy transfer from
their overseas principals. In addition, calculation technological
progress (Table 5.4) shows that the rate of tecwicdl change for
foreign owned firms and joint ventures are higheamt that of domestic
firms. Moreover, as noted by Djankov and Hoekmad0(®20), usually
joint ventures invest more in technology capacityiolv enables them to
absorb and benefit from know-how diffusion.

Moreover, when estimating the spillovers effectdamestic firms, it
excludes foreign owned and joint venture firms friv@ dataset. Thus, the
best performing frontier for the estimation comesnf domestic firms
that have lower productivity compared to joint weetand foreign owned
firms. Therefore, the spillovers estimation for dmstic firms to benefit
from foreign presence may be over-estimated. Téwgserning a relatively
low coefficient of the foreign presence in Mode#t 4-0.015) and the
possibility of over-estimation, this suggests thamestic firms, like
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the overall Indonesia's chemical industry, haveyebbeen able to take
full advantage from the foreign presence in theigtcy.

The inability to take full benefit of foreign presee is in line with
Thee's (2005) conclusion. Thee (2005: 233) nogtdtik inability is due to the
fact that Indonesia's policymakers did not haveearcidea of what is
expected from FDI and lacked the understandingosi the process of
technology transfer was. This is reflected in fraguchanges in policies
toward FDI, which are not conducive to technolognsfer. Moreover, a
shortage of trained and skilled domestic laborridonesia’'s industry
inhibits the technology transfer because it lirtties absorptive capacity of
the firm (Thee 2005:233).

In particular forModel 4.2, dummy variables for foreign ownership
(DF and DJ) are negative and significant. This rsethat fully foreign
owned firms have higher technical efficiency congolto joint venture
firms and domestic firms, and that the joint veaturhave higher
technical efficiency compared to domestic firms.isTresult supports
Djankov and Hoekman's (2000) finding that foreidfiliated firms tend to
have higher TFP compared to pure domestic firmserdhs a clear
hierarchy of technical efficiency of chemical firmsased on their
ownership status. This is not surprising sinceifpraffiliated firms need to
have better technology to compete with domesticabdishments.
Otherwise, foreign affiliated firms will not entéhe domestic market
(Borenszteiret al.1998:133).

The age variable (AGE) has a negative and sigmificaefficient.
This indicates that firms' efficiency increases rotimme. This may be
because firms with longer experiences in the mahmket opportunity to
learn, and therefore could have better technolofyus, this also
confirms the learning curve effect that stems fralypnamic scale
economies. Another possible rationale comes frompstition argument.
As suggested by Konet al. (1999: 277), the level of competition in an
industry has a strong effect on the average teahnéfficiency.
Competition will drive inefficient firms out of thendustry, and only
efficient firms remain. Firms which could stay l@argn the industry are
most likely those that could produce efficiently.

For bothModels 4.2and 4.4, the result for the technology gap (TG)
coefficient is unsurprisingly negative. This meahat less technology
gap or better technology results in higher firmashhical efficiency in the
industry. The coefficients of labor quality (LP) footh models are also as
expected. The positive and significant LP coeffitigneans that an
increase in labor quality leads to a higher le¥dirms' efficiency. In
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other words, a higher ratio of production labotdtal labor results in a
lower firms' technical efficiency. This is not suging because the
chemical industry typically uses capital intensigehnology, which does
not require a relatively large number of laborsergfore a higher labor
employment is likely to result in a lower returmdadecreases firms'
technical efficiency.

In Model 4.4, the interaction variable between tetbgy gap (TG)
and the foreign presence has a significant posgiffect on technical
inefficiency. This means that a higher technology gvill result in a
higher spillover effects for domestic firms in timelustry. This supports
Sjoholm (1997) and Blalock and Gertler (2004) firgsi that Indonesian
firms which have narrow technology gap benefit Iégsm foreign
presence. As noted by Blalock and Gertler (2004, marginal return to
new knowledge is greater for firms that have marenr to "catch up"
than it is for already competitive firms." It mamply that it is more
benefit to invite FDI in a sector which has poahteology development to
accelerate its technological progress, than taerivDl in a sector that has
a well developed technology. The issue, here, ismsuppress domestic
technological progress to gain FDI spillovers béndfut to accelerate
domestic technological progress through foreigolirement.

The interaction variable between labor quality (L&Md foreign
presence has a positive effect on technical irieffiy as expected.
However, since the coefficient is not significaitt,cannot lead to a
conclusion that labor quality positively determirtes spillovers effect
for domestic firms. The choice of the labor quafigrameter is possibly
the rationale of such result. The education leelvorkers is possibly
more sensitive to determine spillovers absorptagacity rather than the
ratio of production labor to total labor.

VI. CONCLUSION

There is an increasing role of FDI in developingmoies. FDI can play an
important role in the industrial and technologiocpbrading of a country.
Interestingly, FDI is not only expected to bringedi effects, but also
indirect effect or spillovers to a host economyofBstrom 1989: 35).
Moreover, spillovers as an indirect effect of FDé arguably the most
significant contribution of foreign investment (Bigtrom 1989: 36). A
number of studies have examined FDI spilloversti@aarly whether it

benefits domestic firms or not. These studies, heweesult in a mixed
conclusion on the evidence of spillovers. This pdpes examined FDI
spillovers in the Indonesia's chemical industryethler it could increase
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technical efficiency of domestic firms or not, antiat factors determine
the spillovers.

Using a stochastic production frontier analysiss tmaper found a
clear hierarchy of technical efficiency of the cligahfirms based on their
ownership status. Foreign owned firms have thedsgtevel of technical
efficiency, followed by joint ventures and domedgiims. It also confirms a
learning curve effect for firms in the industry.

In examining the positive spillover hypothesisstpaper found that a
higher foreign presence increases technical effagieof firms in the
industry, but the magnitude is very small. Evenutio this paper
supports the argument for positive spillovers imldnesia's chemical
industry, it found that domestic firms have not peen able to take full
advantage of foreign investment.

Regarding factors that determine the spillovers, paper found that
the absorptive capacity of domestic firms determities spillovers gain.
This paper also supports the argument that a wieldrnological gap
between domestic firms and foreign firms resultechigher spillovers
effects. In addition, even though it has a posiéffect, labor quality does
not significantly affect the spillovers.

The implications of these findings are that inciegsforeign
presence through attracting more FDI into the Irediads chemical
industry may benefit the industry. Moreover, sitioe spillovers for firms
with a wider technology gap is stronger than fasthnwith narrow one, the
foreign presence will accelerate technological peeg in the industry.
However, understanding the process of how the darpresence affects
domestic firms is important in order to take fullvantage of the foreign
presence.

Limitations of this paper are mainly due to the rsage of data,
particularly for variables that may determine spiirs absorptive
capacity. A shortage of data on the level of edanabf firms' workers,
for example, narrows the choice of indicator f@olaquality.

For future research, extending this research throadding some
variables that possibly determine spillovers, sasHevel of competition,
level of research and development (R&D) and poéoyironment, will
give a better understanding on FDI spillovers. Thiscourse, needs data
availability, and therefore improving the databasédonesian industry is
another task.
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Appendix A
Figures on the Indonesia's Chemical Industry

Figure A.l Exports of Chemical as
Percentage of Total Exports 1987-2004
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Note: here, chemical industry consists of chenpeatluct, plastics and rubber.
Source:calculated from ADB Key Indicator.

Figure A.2Approved Foreign
Investment 1994-2004 (US$ million)
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Source: Central Bank of Indonesia (Bank Indonesia).
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Figure A.3 Implemented Foreign
Investment 1996-200QUS$million)
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Note: For 2000, data up to July.
Source:calculated from CEIC Asia Database.
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Appendix B
The Stochastic Production Frontier and
Technical Inefficiency Estimation Results

Table B.IParameter
Estimates for Model 4.1

Coefficientt Standard Errc

Production Functic

Constar 4577 0.33¢
K 0.146%+ 0.03¢
M 0.224% 0.03¢
E 0.225% 0.037
| 0.565%* 0.07¢
T -0.538** 0.227
K2 0.002* 0.00:
M2 0.050%* 0.002
F2 0.015%* 0.00z
12 -0.00: 0.00¢
T2 0.127 0.08¢
KM -0.025 0.00¢
KF 0.009%= 0.00«
KL 0.014* 0.007
KT 0.013* 0.00¢
ME -0.047%* 0.00«
Ml -0.041 0.007
MT 0.018% 0.007
Fl 0.014* 0.00:
FT 0.010 0.001
LT -0.037 0.012
Inefficiency Functio

constar 1.207+* 0.32:
P -0.033 0.01¢
TG -0.050%* 0.00¢
LP 0.374* 0.04:
DA -0.278%* 0.047
DJ -0.173%** 0.03:
AGFE -0.001%* 0.00(
sigme-squaret 0.149% 0.00«
gammi 0.221%* 0.02¢

log likelihood function =-1486.1¢

LR test of the one-sided error = 309.42

Note: ** ** and * denote statistical significance atdt9.01, 0.05 and 0.10 levels,
respectively.
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Table B.2Parameter

Estimates for Model 4.3

Coefficient: Standard Err¢
Production Functic
Constar 3.139"* 0.38'
K 0.240*** 0.04¢
M 0.440%* 0.05(
F 0.297* 0.04:
L 0174 0.09¢
T 0.190° 0.13¢
K2 0.00( 0.00:
M2 0.042 0.00:
F2 0.018*** 0.00:
12 -0.030* 0.01(
T2 -0.017 0.05:
KM 0.027%* 0.00<
KF 0.007 0.00¢
KL 0.025** 0.007
KT 0.00: 0.00%
MF £0.058** 0.04
ML 0.013 0.00¢
MT 0.011 0.007
FL 0.024x+* 0.00;
FT 0.006** 0.007
IT 0.013 0.01*
Inefficiency Functio
Constar 1.327%* 0.14:
P 0.015 0.01:
TG -1.027% 0.05¢
LP 0.298* 0.1
P*TG 0.049** 0.00¢
P*P 0.00z 0.007
AGE -0.002%** 0.00:
sigmeé-square 0.139"* 0.00¢
gammi 0457** 0.03¢
log likelihood function =-1099.0:
LR test of the or-sided error = 0.303.

Note: *** ** and * denote statistical significae at the 0.01, 0.05 and 0.10 levels,
respectively.
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