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SPILLOVER EFFECTS FROM FOREIGN
DIRECT INVESTMENT ON FIRM-LEVEL PRODUCTIVE
EFFICIENCY: THE IMPORTANCE OF R&D

Suyanto

ABSTRACT

This study examines empirically the effects of foreign direct investment (FDI) on
firm-level productive efficiency in Indonesian manufacturing. Utilizing the data from
the Annual Survey of manufacturing industries between 1988 and 2000, the results
confirm a positive spillover effect of FDI on technical efficiency level. An interesting
finding appears when the observed firms are divided into two groups: firms with
research and development (R&D) expenditure and those without R&D expenditure.
The R&D firms receive higher magnitude of spillovers than those without R&D. This
finding supports the argument that R&D is a key absorptive capacity for domestic
firms to gain FDI spillover benefits.

Keywords: Foreign Direct Investment, Spillover Effects, Productive-Efficiency Level
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pillover effects have recently been regarded as a substantial contribution of

FDI to economic performance of production units in host countrics.

Although the spillover effects have been theoretically demonstrated as
conscquences of FDI presence, the empirical evidence has revealed a mixed
conclusion for at least two reasons. As noted in Suyanto ef ¢f. (2009), differences in
research methods lead to evidence of cither positive or negative spillover effects and
absorptive capacitics are important in influencing the ability of domestic tirms to
gamn from forcign presence. A study on I'DI spillovers using a more rigorous method
and taking into account absorptive capacitics 1s cxpected to provide a significant
contribution to the literaturc.

The contribution 15 particularly important because the recent reforms on
investment  policies by developing countrics, including  Indonesia, are in the
expectation of gaining spillover henefits (Blomstrom and Kokko, 2003). Drawing on
the arpuments of Gorg and Strobl {2001) and Girma and Gorg (2007) that spillover
etfects might be some part of residuals in a production cquation, a stochastic
proeduction fronticr method s employed for the analysis in this study. The Battese
and Coelll {1995) model 15 chosen as an empirical model.

The stochastic production fronticr method 15 used 10 this study to cstimate
spillover effects from FDI on Indonesian manufacturing firms. This study starts by
discussing the empirical model and the estimation method. Data sources and
congtruction  of dataset arc then discussed. followed by the definition and
measurement of variables. Results and iterpretations are provided in the sccond last
scction. Conclusions are drawn at the final section.

Empirical Model and Estimation Method
The theoretical model of Battese and Coclli (1995) 1s specitied as follow:

Vo = J (X B)-exply, —u,) (1)
u, —£0 -0 {(2)

where ¥, denotes the scalar output of firm i i /7, 2, ... Njattume ¢ (¢—1.2,...7). X,
is a (/xk) veetor of inputs used by firm ¢ at ume 1, B 1s a fkx/) vector of unknown
parameters to be estimated; the v, 1s a random error; u;, 18 the 1cchmical inefficiency
effect: #; 185 a (fxm) vector of observable non-stochastic explanatory variables
affecting techmical inefficiency for {imm 7 at ume ¢, 6 denotes a fmx/) vector ol
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unknown parameters of the inefficiency effect to be estimated; o ts an unobservable
random error.

Based on the theoretical model in Equations (1) and (2). this study starts with a
flexible rransiog (Transcendental Logarithmic) production fronticr. This fronticr is
characterized by a non-fixed substitution elasticity and is therctore subject to fewer
constraints than a general logarithm hnear model (Christensen ef «l., 1973,
Heathfield and Wibe, 1987). In addition, the transfog functional torm provides more
generalized estimates than other logarithm lingar models as it imposes relatively
tewer a priori restrictions on the structure of production {Kopp and Smith, 1980).
Therefore, adopting a rransiog functional form might reduce the risk of error in the
modcl spectfication.

The functional form of the transiog production frontier is as follows:
Iny, -+ 5, InL, + B, nK, + 8, nM + 5 InE, + 5, nL, = By InL, *InK,

+ i L, *¥InM,_ + 8. InL, *InE, t+ 3. InK, ’ + By NK, *Fln M,
2 (3)
e MK, *INE, + By InM, "+ B MM, *InE, + [, Ink, " st

+ ﬁf.r ELH *t] ﬁx; EKL- *I]ﬁ.\«fr EMH *tZI ﬁ.*.‘f EEH *{][jﬁf‘? +V” _Hi:

where y represents output, L represents labour, K is capital, M 1s material, £ 18
energy, ¢ 1s time, / is firm, fs are paramcters (o be estimatcd, In denotcs natural
logarithm, vy, is the stochastic crror term, and #;, is the technical inefficiency. In this
study, the technical incfficicncy effect is a function of a set of FDI variables: foreign
ownership (FDI), horizontal spillover (#FDIHorisontal), backward spillover
(FDIBuckward), and forward spillover (FDiForward), Also included are a sct of
other variablcs affecting efficiency, age of firm (AGFE) and a dummy crisis (CR{SIS).
Henee, the incfficiency function can be written as:

u, =, +o,FDI, + 8,FDiHorisontal, + 0,FDIBackward,, + 0, FDIForward,

_ 4)
+6,AGE, + 5,CRISIS, +w, (

where w 18 an error term.
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Various sub-models of the fransiog are considered and tested under a number of
null hypotheses, given the specification of the franslog model in Equation (3).

A null hypothesis of the second order parameters equal zero (e
By =Bk = Prse = Bre = Brx = Prss = Pir = By = Pon. = Pre =0) 15 to test whether
the Cobb-Douglas frontier is appropriate for the data set, and a null hypothesis of the
interacting paramecters of input and timec equal zero (ie. 8, = By, = By, = Fe, =0) 18
for a Hicks-neutral technological progress. Similarly, a null hypothesis of the umc
parameters equal zero (ie. 8, =, = 8, = By, = By = P, =0) is for a no technology
progress in the frontier, and a null hypothesis of the paramecters of incfficiency
tunction equal zero (i.e. y =0, =0, =...=d, = 0) are for a no-inefficiency effect. ¥ 1s
a paramcter associated with vanance of inefficiency effect, i, in the Batlese and
Coelli’s (1995) model. If ¥ is zero, the model reduces to a traditional mean response
function in which the variables, FDI, FDIHorizontal, FDIBackward, FDIFornvard,
AGE, and CRISIS, can be directly included into the production fronticr.

For performing tests of the relevant null hypotheses, a gencralized likelihood
ratio statistic is employed. This ratio statistic can be expressed as follow

A==2[1 H, -1 H, ]| (5)

where I{Hy) 1s the log-likelihood valuc of the restricted frontier model, and I(H,} is
the log-likelihood value of the model defined in Equation (3). H the null hypothesis
18 true, the test statistic has approximately a chi-square distribution with degrees of
frecdom equal to the number of parameters involved in the restrictions. The test
statistic under the null hypothesis of no incfficiency effects has approximately a
mixed chi-squarc distribution, and the critical value for this test is taken from Table |
of Kodde and Palm (1986).

The computer program FRONTIER4.1 1s used to jointly cstimate the stochastic
production trontier of Equation (3) and the inefficiency function of Equation (4)
under the maximum likelihood method (Coelli, 1996).” This computer program

" For explanation regarding a mixed ¢hi-square and a test for no inefficiency effect. see Batlese and
Coclhi (1988).

" FRONTIER4.1 was developed by Tim Coelli in the Departiment of Econometrics, University of New
Fingland. The program, written in Shazam, can be run on an IBM-PC. In this program, the ¢xeculion
of a stochastic frontier model can be cither by modifying the available instruction file or writing a
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follows a three-step estimation mcthod to obtain the final maximum hkelihood
estimates. The first step estimates the frontier production function in Equation (3)
using OL.S and obtains all /i estimators, which are unbiased {except the intercept, Sq).
In the sccond step, a two-phase grid search {or ¢ 1s conducied; with the f# parameters
(except fig) set to the OLS values, the /i and o} parameters adjusted to the Corrected

OLS (COLS) values and other parameters set to zero.’ The third step applics an
iterative procedure of the Davidon-Fletcher-Powell Quasi-Newton method 10 obtamn
final maximum likchhood cstimates using the value selected in the grid search as
starting valucs.

Data Sources and Construction of the Dataset
1. Description of Data Sources

The primary data source in this study is the Annual Surveys of medium and
larpe manufacturing cstabhishments (Survei Tahunan  Statistik Industri or SI)
conducted by the Indonesian Central Board of Statistics (Badan Pusat Statistik or
BPS). The data arc available in an clectromic format (d-base file) and can be obtained
under a license. The survey covers the basic information of cach estabhishment, such
as specific identification code, indusirial classification, vear of starting production.
and location. It also covers the ownership information (domestic and foreign
ownerships), production information {gross cutput, number of workcers in production
and non-production, value of fixed capital and investment, material, and energy
consumption), and other information (sharc ol production exported, value of material
imported, and expenditure on  research  and  development). The numbers of
cstablishments surveved vary with the year of survey, with the mimmum number of
7,469 manufacturing establishments in 1975 and the maximum number of 21,671
establishments in 1996,

The annual surveys (SI) have been conducted since 1975, and the recent
available data are for the year 2005, However, this study uses only the period of data
from 1988 to 2000. The year of 1988 is chosen as 4 starting year because the data on
the replacement value of capital are not available before 1988, The 2001 to 2005
period 1s excluded, because the BPS changed the specific identification code in 2001

programn language. This program is avatlable online from the Centre for Eificieney and Productivity
Analysis  wehsite  (hitpifwww ug.eduaw/cconomics/eepa/fronticr.htin), A detailed  procedure for
runmng FRONTIERA. | 1s discussed in Coelh (1996).

Yo is a perameter associated with the variance of random variable v, in the Battese and Coclit's
{1995 model.
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to KIPN without providing a concordance table to the previous usced identification
code (PSID). Efforts to match the obscrvations in the years 2001-2005 to the years
1988-2000 using output values and labour don’t yield reliabie results. Therefore, the
longest possible period for this study 1s 1988-2000.

The classification of the establishment-level data in SI is up to five-digit
mdustrial codes. This classification 1s based on the Indoncsian Commodity
Classification (Klasifikasi Komoditi Indonesia or KK1), which basically follows the
International Standard Industrial Classification (1S1C) with some modification to suit
Indongsian conditions. During the observation years, from 1988 to 2000, the KKI
was reclassified twice in order to accommodate the growing number of
manufacturing establishments and to comply with the revisions of ISIC,

The first reclassification took place in 1990 when the last digit of five-digit KKI
was updated for some sub-sectors (in this case, the BPS replaced KKI-1985 with
KKI-1990). For example, the basic organic and organic chemicals sub-sector (i.e.
the 351 10 manufacturing code) was updated into nine sub-sectors, namely inorganic
chloral and alkaline (the 35111 code), industrial pas (35112), inorganic pigment
(35113), mnorganic chemicals not else classified {35114), organmic chemicals from
woods and gum {35115}, organic pigment (35116), organic chemicals from oil and
gases (35117), special organic chemicals (35118), and orpanic chemicals that not
clse classified (35119).

The second reclassification was published in 1998 to tfollow the change in ISIC,
from ISIC Revision 2 to [SIC Revision 3 (the KKi-1990 was changed into KKI-
1998). In this rcclassification, the BPS changed completely the manufacturing code.
For ¢cxample, the code for bakeries was 31179 in KKI-1990, but it was changed to
15410 in KKI-1998.

As a supplementary for the Si, this study also utihizes data from several sources
when  constructing  the final panel dataset. The types and sources of the
suppiementary data arc presented in Table . The wholesale price index (WPI) is
used as a monetary deflator for cutput and material. Similarly, the machinery price
index and the clectricity price index arc used as a deflator for capital and clectricity,
respectively. To deflate the monetary value of fuel, the fuel price index is calculated
from the OPEC fuel basket price from DX for Windows." The input-output tables arc

* The OPEC fucl prices are converled from USS values o Indonesia rupiah (IDR)Y wsing average
yearly exchange rales published by the central Baok of lndonesia in Statistics of Feonomic and
Finance Indonesia {Statistk Ekonomi dan Kenongan Indonesia or SEX1).
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used for calculating spillover variables for downstream and upstream industries (i.e.
variables of backward and forward spillovers).

Primary Data
1 Survey of
Industrics (SI)

Supplementary Data

2 Wholesale Price
Index (WP])

3 WPI of
Machinery

4 WPl of
Electricity

5 Fuel Price Index

6 Enput-QOutput
Table

The Indonesian  Central
Board of Statistics (BPS)

The Indenesian  Cemral
Board of Statistics

(BPS)

The Indenesian  Ceniral

Board of Statistics {BP$)

The Indonesian  Central

Board of Statistics (BPS)

DX for Windows

The Indonesian  Central
Board of Statistics (BPS)

The S is an annual survey of medium and large
manufacturing establishments, which cover up
te 21,671 estabhshments with at least 20
cuployees and consist of more than 160
variables.

‘The WPI used in this study is a WPL of 150
commoditics categornized by SIC four-digit.

The machinery price index covers prices of all
machinery, except elcetricity machinery. used
by manufacturing industries.

The electricity price index is calculuted from
the price of electricity supphed by the state
cneryy company (Perusahaun Listrik Negara
or PLN} and published by the BPS as a part of
the WP

The fuel proce index is calculated from the
OPEC fucl basket prices.

The Indonesian input-output table consists ot
the value of inputs used by sector i from sector

F and value of output sold to scctor f by sector §

at a certain year. [t captures 161 seclors of all
industries in Indonesia. For the purpose of this
study, only  wnput-output  values  of

2. Procedure for Constructing a Consistent Balanced Panel Set

Constructing a consistent and integrated datasct 1s necessary for obtaining
reliable and unbiased empirical analysis. In this study, the possible inconsistency and
other problems in the SI data are identified. A consistent and integrated balance
panel set 15 then constructed by following scveral steps of adjustrent. The steps of
adjustment are described as follow:

32
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Step 1: Adjustment for industrial code.

As noted above, the BPS reclassificd the industrial codes twice: in 1990 and
1998, This study adjusts the industrial codes to the 1990 code (KKI1-1990) in order to
obtain a consistent industrial code for the obscrvation years (1988-2000). This
adjustment mvolves two phases. First, the data from 1988 10 1989 {which us¢c KKI-
1985) are adjusted to KKI-1990 using the establishment identification code and a
special map provided by the BPS. Observations in 1988-1989 not observed in 1990-
1998 are removed, sinee there 18 no code trom KKI-1990 that could be assigned to
these observations. This first phase of adjustment removes 1,346 out of the original
29,340 cstabhishments. Second, the data from 1998 to 2000 (which use KKI1-1998)
are adjusted to KKI-1990 by following the concordance table provided by the BPS.
There are several concordance issues thal arise during this sccond phase of
adjustment, which mclude unmatched classifications and incomplete entries. An
example of an incomplete entry is an observation recorded only with a two-, three-,
or four-digit classification code. For dealing with this problem, only observations
with tour-digit classtfication codes are retained, while those with two- and three-digit
classification codes arc removed.” The retained obscrvations with four-digit codes
are then assigned as five-digit codes using the establishment specitic 1dentification
code. By doing so, all ¢stabhishments in the 1988-2000 panel data have consistent
and integrated classification codes. The total establishments removed after thesce
industrial code adjustments are 3,078 out of 29,340 estabhshments, which include
those with Ol and Gas classification (ISIC 353 and 354} as these sub-sectors are not
observed 1n the 1988 and 1989 surveys.

Step 2: Adjustment for the variable definitions.

[n some years, the variable definitions provided by the BPS arc not consistent,
cven though the variables are the same. The author compared the vartable defimtions
n cach year’s survey questionnaires (which are provided by the BPS together with
the SI data) and recalculated the inconsistent variables for obtaining consistent
defimtions throughout the selected pertod.

Step 3: Cleaning for noisc and typographical errors.

This study applics several steps for data cleaning in order to minimize noises and

typographical crrors:

3 —_ - = . . . .
© 1,732 oul of 22,175 establishments are removed since they are only assigned with two- and three
digit industrial codes.
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a.  Observations with zero or a negative value of output, labour, material, or cnergy
have been removed. This removes around 4.5 pereent of the total obscervations.

b. I a firm reports a missing value for a particular vanable (n a given time but
reports values 1n the year before and atier, an interpolation is carried out to fill
the gap. The interpolation for the missing data is not more than 1 percent of the
total observations.

¢.  I'ypographical errors (or key-punch errors) in the raw data are adjusted for
consistency. lor example, if in the raw data, forcign share in a firm [or the
whole of the selected penod is typed as 100 percent, except lor a certamn year
being typed as 0 pereent, then the O percent share 18 adjusted to 100 percent.

d.  Observations that arc considered as outhiers are removed from data set by
following a procedure suggested by Takit {2005). First, obscrvations are sorled
from the lowcst to the highest value ol output. Second, 1.5 percent of the lowest
values and 1.5 percent of the highest values are removed.

Step 4: Back-casting the missing valucs of capital

In some yedrs, the values of capital arc missing for guite a larpe number of
obscrvations. To fill these gaps, this study foliows the mcthodology introduced by

Vial (2006). The replacement values of fixed capitals are regressed agamst the one-

year lagged output m order to obtain the cstimated cocflicient of capital. The

estimated coefficient is then used to calculate the predicted values of lixed capital Tor
the missing data.

Step 5: Matching firms for a balanced panel
A balanced pancl dataset 1s constructed for the selected period by matching

firms based on the specific identification code (PSID). This study utilizes STATATQ

software for the matching.

Step 6: Choosing industries with foreign firms

Since the purposc of the study 15 to estimate the FDI spillovers, industries (at a
tive-digit level) without foreign firms are excluded from the balanced pancl.

Step 7: Al monetary variables (oufput, capital, material, and energy) are
deflated using price  indexes.

The output and material values are deflated using the wholesale price index (for
4-digt IS1C mndustries); the machinery price index is usced for deflating the value of
capital; the nominal values of energy arc a sum of clectrieity and fuel expenditures,
which are deflated using the electrieity price index and the fuel price index. All price
indexes are at a constant price of 1993,
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By following the steps of adjustment, the final balanced panel dataset consists of
3,218 cstablishments with 43,134 observations.

Definition and Measurement of Variables
A crucial part in empirical studies is the measurement of variables. The
reliability of empirical results depends heavily on the accuracy of measures of
variables. From the available Sl data, supported by the most up-to-date information
from the literature, this study constructs variables for the empirical model in
Equations (3) and (4). The variables are divided into two groups based on the two
simultancous equations: a stochastic production frontier and an incfficiency function.
The variables for the inefficicncy function are divided further into two, namely FDI
variables and other variables. The constructions of the variables are discussed below

and the definitions are given in Table 2.
Table 2. Definitions of Variables

_ Variables _ __Definition ]

Produciion Funciion

Y Output (in million rupiah}, which is deflated using a wholesale price index (WP at a
constant price ol 1993

L Labor {number of workers) is the total number of employees directly and indirectly
engaged in productions

K Capital {million rupiah}, which is detlated using WPI for machinery at a constant price of
1993

M Material {million rupiah), which is delated using @ wholesale price index at a constant
price of 1993

F Energy (million rupiah) is the sum of clectricity and fucl expenditures, which are deflated

using a WPI for clectricity and fuel price index at a constant price of 1993

Inefficiency Function

FDI Foretgn ownership, which 1s measured by a dummy variable: 116 the share of foreign
ownership is greater than O percent; and 0 if otherwise,

I'DINorisontal Spillovers of FDI on domestic fimms in the same indusiries, which is measured by the share
of foreign firms” output over tolal output of the five-digit industry

FDIBackward Spillovers of FB) on upstream industries, which is calculated from the share of the total
output of an industry that is sold to forcign buyers across all five-digit indusirics,

IFDIForwarid Spillovers of FDL on downstream industrics, which is caleulated from the share ol the total
output ol an industry that 15 boughl from Tercign suppliers across all [ve-digit industrics.

Age Age of irms is measured by the different between year of survey and year of starting
production

Crisis Economic ¢risis 1s measured by a dummy variable: | if the year of observalion is 1997

onward. and 0 if the year of obscrvation is before 1997,
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Results and Interpretation
1. Testing For Model Specification

Given the general transiog frontier, as specified in Equations (3), this study tests
a number of null hypotheses for finding the appropriate model for the dataset. The
results of the relevant null hypotheses tests are presented in Table 3. The first null
hypothesis 18 to confirm whether the Cobb-Douglas production frontier is an
appropriate spectlication for the dataset, by imposing the following restrictions:
B =Bk = B = By = B = P = P = Bas = By = B =0, on Equation (1).
The result of the log-likelihood test shows a strong rejection of the null hypothesis at
the 1% level of significance, suggesting that the Cobb-Douglas model is an
inappropriate specification, given the translog model.

Table 3. Log-Likelihood Tests for Model Specification of

Restrictions Full Samples Critical " Critical Critical
Values Values Values
......... (e 0:10) (@=0.05) | (o=0.01)

Cobb-Douglas
Bre=Bro=fw e Prr s Besy=Pre=PBam OROT 4257 % 2231 25 30.58
BusTBerm0)

Hicks-Neutral

266 34¥ %% T8 9.49 13.28
Bra™ B Bon = ey =0 0 Y A R
No TP .
R (Y 22%%* 10.64 12.59 16.81
Bfu= B1= B = Bue = By =0) T T I
No [pcl‘hclcncy Effect {y=oy=d;= 1403 K6+ * .09 $ 76 12 4%
T i N R ]
Source: Author’s calculations. Note: the log-likelihood ratio statistics are caleulated from
Equation (3) based an the restricted and unrestricted maodels for horizontal spillovers.
The log-likelihood ratio statisties on models for backward spillovers or forward spillovers
provide similar conclusions, *¥* **¥ and * denote significance at 1%, S, and 1044,
respectively. The cnitical values are based on Chi-squared distnibution. For the null hypothesis

of no- mefticiency effect, the critical value 1s based on a mixed chi-squared distnibution provided by
Kodde and Palm (1986).

The second null hypothesis test, tor Hicks-neutral technical progress (1P) under
a restriction: 3, = B, = f,, = f, =0, also rejects the null hypothesis, but the levels
of significance vary between 1% and 10%. Similarly, when imposing a restriction:
B2 =B, =By =By = Be =0, for a null hypothesis of no-technological
progress (TP), the statistical results suggest that the no-TP specification 18
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inappropriate, given the franslog specification, The last null hypothesis for no
inctficiency effect, which imposes the restriction: y =09, =43, =...=5, =0, shows
also a rejection of null hypothesis at the 1% level of significance.

Given these statistical results, one can conclude that the tlexible fransiog model,
as specitied in Equation (1), appears to be the appropriate specification for the firms
in the analysis. Thercfore, the estimations of the stochastic frontiers in this study
follows the transfog production frontier.

2. FDI Spillover Effects on Manufacturing Firms

Using the translog stochastic frontier and the inefticiency function specified in
Equations (3) and (4), this study begins the estimation of FDI spillover effects for all
manufacturing {irms in the dataset. Threc spillover variables, as constructed above,
arc used for testing the spillover hypothesis. These three variables are cstimated
separately because the partial correlation tests shows that these variables are
moderately correlated each other, particularly between FDIHorizontal  and
FDIForward, which have a (.82 correlation coefficient, Estimating them together in
onc equation may result in a near multicollinearity problem, with a conscquence of
insignificance in estimated coefficients (Gujarati, 2003). The selected paramcter
estimates for the manufacturing firms arc presented in Tablce 4.

The first threc columns of Table 4 display cstimation results for all
manufacturing establishments using three different spillover variables. The
coetfticients of the transiog stochastic production frontier (the upper part of the table)
has no immediate economic implication, as the impacts of each tnput to output
depend on the combination of the coefficients of all terms involving the input (first
and second orders). Therefore, output elasticity with respect to labour, capital,
material and cnergy, along with return to scale coefficients, has been calculated.® The
annual average industry-wise clasticities and return to scale (RTS8} coefficients are
presented in Appendix 1. The firm-specific results are not presented due to space
limitation but can be obtained from the author upon request.

From the calculated clasticity scores, it is apparent that the average output
elasticity with respect to labour is positive for all the obscrved years, ranging from

* The output clasticity of cach input is obtained by taking a partial derivative of the franslog model
and evaluating them at particulate values of variables. Based on the tfranslog modcl in Tquation (3),
the output elasticity of labour is defined as ¢, =f, +2f, /il +f fInK 1 B uftnMT - B fInE] Y BT
Similarly, the output elasticity of capital, material, and encrgy are obtained by the partial derivatives
ot output to capital. output to material, and cutput to encrgy, respeetively.
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.20 to (.23 {Appendix 2). Simularly, the clasticity to capital and elasticity to material
are also positive. with the average scores of 0.09 for the former and 0.69 for the
fatter. The same 15 also true for energy, as the average scores of output clasticity are
positive, TFurthermore, the four output elasticity scores sum up to return to scale
(RTS) coefficient. The annual average score of RTS is 1.06 between 1988 and 2000,
suggesting an increasing return to scale (IRTS) of the Indonesian manufactuning
industry.” This average R'1'S increases steadily during the observed years, from 1.03
in 1988 to 1.14 in 2000, indicating that the benelits of operating on a larger scale
have been increased over time.

The finding of increasing returns to scale is consistent with the rejection of the
Cobb-Douglas function, which basically assumes constant retum to scale. The
increasing returns to scale arc mostly contributed by the output clasticity of material
(ranging from 0.62 to 0.80 during the observed years), which is not surprising given
the heavy rchance on raw material and the nature of the industry. As argucd by
Aswicahyono (1998), Indonesian manufacturing products are mostly cither natural
resource based or simple assembly processed, which make the industry rely heavily
on material input. In contrast, the output clasticity of capital is relatively low,
suggesting a low capital intensity. This result may nced to be interpreted with caution
as capital 1s a key factor for output growth. However, this result is somchow
unsurpnsing as the share of capital 1n 1otal industry outputs is usually low in labour-
intensive environment, such as the Indonesian manufacturing industry. High
clasticity of capital, as argucd by Wacker ¢r af. (2006), 15 usually observed only in
manutacturing, industrics that rely heavily on advanced technologies. Nevertheless,
the results are consistent with {indings in previous studies on  [ndonesian
manuftacturing firms that use more than two lactor inputs (Amit und Konings, 2005;
Ikhsan, 2007).

Moving to the inetftficiency function (the lower part of Table 4), the estimated
coctticients of £/ (which take the value of one if the firm is a foreign-owned firm
and zero 1f the fitm 1s a domestic firm) arc negative and highly sigmificant at the 1%
level, suggesting that foreign-owned firms are. on average, less ineflicient than
domestic firms, keeping other variables constant. This result supports the mamnstream
premisc that foreign firms penerally possess more updated knowledpe and have more
experience in serving markets, so that they are more efficient than domestic firms.

" The shghtly larger than one ol average RTS also suggests that larger firms might have slight cost
advantages relatve to smaller firms.

&8
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As cxpected, the cocfticient of FDIHorizontal has a ncgative sign and is
statistically significant at the 1% [evel, meaning that the presence of FDI reduces
inctficiency of firms in the same five-digit industries. Similarly, FD/Backward and
FDIForward have also negative and highly significant coetficients, which indicate
negative clfects of FIDI on technical incfficiency (or posttive technical cfficiency
spillovers) on supplicrs and buyers, respectively. Although this study uses a longer
time period by including the period of crisis, the findings arc i line with Blalock and
Gertler {2008) and Takin (2005) on the ground that FDI at the industrial level
gencrates positive spillovers to firms in the same industrics, firms in upstream
industrics, and firms 1in downstream industries.

With regard to variables not associaled with forcign ownership, the coefticient
of Age is positive for the three spillover models but 1t 18 significant only for the
horizontal spillover model (the first column of Table 4). This 1s not & surprise since
the tmpact of age to firms’ efficiencies is still a matter of debate 1 the hiterature, s
noted in Secction 5.4.3.1. An older firm could have a higher efficiency due to
knowledge accumulation through learning experience, while a younger firm might be
more efficient because of possessing up-dated knowledge. Nevertheless, the result is
consistent with findings in Lundvall and Battese (2000) for Kenya and Kathuria
(2001) for India. Similarly, the coefticients of crisis also show inconclusive 1indings,
with positive and significant cffects on inctficiency in horizontal and backward
spitlover models, but with negative insignificant clfects in the forward spillover
model. This demonstrates the argument in literature that the 1mpacts of crisis on
firms are uncven and depend on heterogencous characteristics of finms (for example,
Narjoko and Thil, 2007).
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Table 4. Estimates of Stochastic Production Frontiers

on The FDI Spillover Effects in the Indonesian Manufacturing Firms

Variable Hurisuntal Ruckward
Spillovers 1 (ALl firms) Spillovers 1
(Al firms)

Production Fronfier { Dependent Variable: fn¥)

Constant |.144%*= ] 2]a%**
{37.08) (37.3R8)
Ini. (6] *F*= [LO[pR™**
{3287 (30.65)
InK (. 1H*** 0 177+%*
{17.34) (le0n
InM (.27 2%%% [ 1gR***
(19.41) [18.03%)
Ink (L R [1353%
(26.16) (2708
|]1'1L]1 D14 0011*
(2.42y (1.84)
InL.*InK (1A 3%%* [N
) (9 3) _ (8.64)
Variable Huorisontal Huackward
Spillovers 1 (All firms} Spilluvers 1

{AIl firms)

Production Frontier {Dependent Variable: InY)

inl *lnM A 174%*s AT
(-39,%8) (-3%.12)
Inl.=Ink: (067 [0.067T*F**
(13.93) (13.51)
[InK] (03 007
[ 2.38) {74
[nK*lnM TR 0TI TR
{-28.17) {-28.54)
InK *Ink: INIRAR 0058
(27.46) {21.37)
[InM]” 0164 0.165%+=
(98 82} (9987}
InM*Inl: AR EA 0 143%%*
(5152 {-31.12)
InE]’ (L34 (L2
(17.69) {1176)
T 0.oN6* = 1.0+ +
(3.79) i2.88)
nl=T -0.001 41,000
(0,54 {-4.60)
InK*T -0.000 -0000H)
[ 0.26) (0.14)
M *1 0007 0.001
{183 (23T
Ink*T -0.004 [ 0% **
{-1.053 {-3.69}
T 0.001#+= ~RO0**
[-5.81] -1.64)

Forward
Spllovers 1
(Al firms)

T L17=**
(37.01)
(Lalg=**
IEARIE
[ 175%%+
(1586
(1.192%=+
[17.16)
[1.255%%*
(274N
Q.1 [ **
§1.96)
(.00 **=
{%.38)
Forward
Spillovers 1
(Mﬂr!_ls]

LR L
(-3.82)
0066+
(13.76)
.02
-1.70)

ST
{-28.2K)

Nsy*sr
(2180}

IR EIRL R
[ IRV

IR XA
{-31.64)

Q.12 **=
{14059

RN T RS
{296

0.00;
(0.76)
0.002
(-1.51})
IR R
(341

-0.001F=*
{-2.02)
ng*==*
{578}
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Inefficiency Fanction (Dependent Variable: u)

Constant QLTFR*+* (| 24x** 0.062rx%
(21.5% {16.05) {23.09)
¥DI1 0.008*** -0.911%** =0.010%+*
(-fr.56) {-8.82) {-§0.76)
FIMHoricontal -0.126%**
(-BR.00)
FDIBackward ) A OREFHH
{-1%.8%)
FDIForward ) i =0.124%%%
{-25.004
Age LRSI Rakid (.001) 0G.000
(3.30) (0.49) {0.37)
Crisis (0] 5%%* 001 7*** RIRU{S
.91 4671 -1
Sigma-syuared [IRVE XA URIXK i LR b
{145.31) (144,52} (140,34}
Gamma % 0.0524%4% QA *+*
(20.7%) (10.66} (%.32)

Source: Author’s Caleulation using the model specified in Equations {3) and {4). Notes: The t-statistics are in
parcnthesis. *** denotes 1% significance level, ** denotes 5% significance level, and * denotes 10% signilicance
level,

Table 5. Qutput Elasticity of Inputs and Return to Scale (RTS)
for The Indonesian Manufacturing Sector

Year Labour Capital __Material _Energy RTS
1988 0.22 0.09 0.62 0.10 1.03
1989 .22 0.09 (.63 0.09 1.03
1990 0.21 0.08 0.06 0.08 1.03
1691 0.22 0.09 0.63 0.09 1.03
1092 .20 0.08 0.67 0.08 1.03
1993 (.21 0.09 .66 0.08 1.04
1994 0.21 0.09 0.67 0.07 1.05
1695 0.20 0.09 0.69 0.07 1.06
1096 0.20 0.09 0.72 0.06 1.07
1697 0.20 0.09 0.73 0.06 1.08
1698 0.21 0.0 0.73 0.06 1140
1099 .21 0.10 0.76 .06 1.12
2000 0.20 _ 009 0.80 ) 005 1.14
1998-1992 0.22 C0.09 0.64 0.09 1.03
1993-1996 0.21 0.09 0.68 0.07 1.05
1997-2000 0.21 0.09 0.75 0.06 1.11
198R-20:00 0.21 0.09 0.69 0.07 .06

Source: Author’s calculation from the estimates of stochastic produl:iidn frontier for all firms under
the horizental spillover model (second column of Table 4)
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3. FDI Spillovers to R&D and Non-R&D Firms

Research and development (R&D) is a key absorptive capacity for domestic
firms to gain FDJ spillover benefits. Firms with R&D are likely to receive higher
spillover benefits than those without R&D. Incorporating this argument and testing
whether it applies in the Indonestan manufacturing sector, this study estimates
Equations (3) and (4) on a group of R&D tirms and non-R&D firms, separately.
Table 7 presents the estimates of these two groups. Interestingly, the estimates show
that both R&[D and non-R&D firms receive positive horizontal, backward, and
forward spilovers from FDI, as suggested by the ncpative sign and statistical
significance of estimates for the three spillover measures. However, coefficients of
spillover variables for the first group are greater than those for the sccond group,
indicating that the magnitude of spitiovers is farger for the R&D firms than for the
non-R&D firms. This finding 1s not a surprise since R&D firms arc gencrally having
up-to-date knowledge. The finding confirms the argument that R&D expenditure
increases firms’ ability to absorb FDI spillover bencfits, which are in line with
findings by Kathuria (2002) for India and Marcin (2008) tor Poland. This finding
justifies that firms with farger absorptive capacities, such as those with R&D
expenditure, will reccive higher spillover effects from FDI if compared to {irms with
smatler, which have no R&D expenditure.
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Variable

Table 6. Estimates of Stochastic Production Frontiers on
The FDI Spillover Effeets: The Importance of Research and Development (R&D)

Horisonial

Spillovers

(R&D Firms)

Production F rﬂ}lffer fDependent Variable: in¥)

Constant
il

InK

In’]

Int:

[inl. |:‘
Inl *Ink
[l * oM
lnl *Int:
[InK |
K *nM
InK*ni:
MY
InM*Int:
[InE]

T

Inl *1
InK*1
InM=T
InE*T

93

(. 3753%*%
{6.21)
[} SE2***
{949
(1.216%*+
(616
(.32 ***
{(9.57)
0. 33]%++
[H.3H)
0.0146
{104y
o6
[1.3m
SL13]
{-11.21)
0054 *+*
{3.60)
(.014% %
{4.09)
-0.08G**=
{-11.96)
003 #**
(3531
(. 150=**
(35.58)
EIN TR R
(17.4%)
D0O33%**
{3.4¥)
014
(2.34)
-0.001
(-0.63)
0.002
[1.27)
0.0 x*+
{-3.00
0.002
[1.56)
0000 F**
(2.5

Backward Forward Hurisontal Backward
Spillovers Spillovers Spillovers Spillovers
(R& D Firms} (R&1 Firms} {Non-R&Ly} {Non-R&D)
0,74 %** (81 H*** [RIrPidis 1. 20%*+
(K.69) (718} (33.98) (35.00)
[)64]*** 0. HOR**+ [.535%%* [1571***
{17.30 (9.9 {23.06) {23.76)
(L1R3** (). 1Rn*** (). 234%+% 0. 206H%*F*
[2.42} (5.3M (20,27 (17hn
(1 28Gg*s= (1. 269%++ 0.208**= D674
(6.03) {7.45%) (17.63) {13.06)
D321 **= (1335%** (1.245*** () 256%**
(10.63) {8.49) {25.22) (2n.03)
031 %%= {h.14% (] 7= 0ng12x
[3.6d) {0.96) (2.7 [1.59)
DN G¥*= 0019 D060 F** Ne2%%*
{11.4%) {135y (11.67) {1.9%)
-(1160# ) 13GH ()] TgEEE S LT R
[-1.93) [-11.9% (-36.31) i-31.59)

0.065 0,055+ 0.063%** 0 (a2=*+
{1.12) (3.57) (1237 (12,11
0.1 0 0¥** =009 =* 00T
({164 (3.12) {-7.14) {(-5.32)
R e S0.07F0 RS -0.07{)*=E= B R R
{-4.943 (-9 {-23.013) (-25.46)
(1031 (133 *** (LO5R3%%* 0.060%*
{1.64) {3.73) {18.74) (20,13
0 148**# {).1404%+ 0 162%*++ (. 167%=*
{7R.40) (34.531) (LT (®1.65)
S0 132k S 13RTE S 139 S 42w
{-76.01) [-16.63} {-16.56) {-44.88)
.024 (hO3p*** Q23%** 002 )%+
(1.36) {491 {15.45%) [13.73)
(102{*** (0.016*** (] 7 *== BH)p=*+
(549} {2.09) (6.035) (2.90)
-0L.000 O EH* (06 * -0.002%%
(-0, {-{1.24) (-1.71 (-1.99
0.001 (1002 -0 F* -(EHH*
(1.23) {1.48) [-2.31) (-1.73)
-0 004 % -0.003%~ 0.2 %+ 002w+
(-3.26) {-2.28) (334 (5.06)
hOp2*=* 0.001 -0.000 0.0
(339 0.7 {-(1.46) {1.58)
-(H{H S R .001%** S0L00 | R
{-0.9%) {-3.61) {-7.44) [-4.06)

Farward
Spillovers

{Non-R&)

[ 2 e
(303
{574 %=
(16.32)
(.27 %%
(17 201
(| y*s=
(1362}
(1.257%*+
{26.04)
0.014%*
(2.1
[ER AT Rl
{10.36)
IR e
(-34 92)
(4] *x=
{12.04)
ALDOR*=*
{-6.14)
(T2 Hs
(-24.9%)
0.060***
{2(1.66)
0. 1677%*
(809 K8}
RV Kbt
(-47.64%)
0.2 F**
{14.14)
L006*=*
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SN2 **
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(O3 *=*
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Inefficiency Function (Dependent Variable: w)

Constant (1 1) %% (.09 %= O 117%+* (L *+* RV Al (049+r*
(14.97) (10.66) (11.13) (15.46) (15.72) (8.76}
FD SOTEEEE ) 1R** RN E. b g |gFer S).264% %% =020 %%*
{-2.60) (-2.40) {-12.96) {-44.33; (-29.84) (-18.33)
FDIHvurizontal 10T -0, (049*=*
(-13.73) ) ) (=318 ) )
FDBackward - BN R Sl ) a5rEE
{-28.24) i i (-17.30) )
FD1Forward - )L 125 -0.069%
) {(-5.2%) i (-4.50)
Age 0.00] #+# 0.000 GLO00 0,00 ] ¥ 0,001 %* O.000%*
{5.0% (1.34) {0.034) {16.75) {1.99) (1 9%)
Inefficiency Function {Dependemt Variable: u)
Crisis (H2R**+ 0.027 0013 -0.004% 0. (22 %% ({120***
{6.49) {0.17) {-0.97) {-1.92) {7.30) {449
Sigma-squared 0.042%** (L042** (L4 | ### (03 (013 #s [IRUEY R
(65.235) (2.14) 159.85) {266.13) {126.89) {130.61)
Gamma (. Oa*** (.045% .00 5%+ (0T =+ 0.025%++ 0.0]5%**
(2.63) (2.30) ) 421) {1799 {16.12) 9.13)

Source: Author’s Caleulation using the modet specified in Equations (3) and (4). Notes: The t-statistics
arc in parenthesis.  *** denotes 1% significance level, ** denotes 5% signilicance level, and * denotes 10%
signilicance level.

Conclusions

This study has examined the spillover effects of FDI on firm-level productivity
in Indoncsian manufacturing industry. Utilizing data from Annual Survey of
Indonesian manufacturing firms and employing the Battesc and Cocelli (1995)
stochastic production fronticr modcl, this study finds that FDI generates positive
spillover eftects on firm-level productivity. An intercsting finding emcrges when the
samples arc divided into two groups: firms with R&D spending and firms without
R&D spending. The results show that the group of firms with R&D spending
receives larger magnitude of spillovers than the group of firms without R&D
spending. These findings justify the argumcnt of the importance of absorptive
capacity in gaining the productivity spillovers from ¥DI.
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Abstract

This study examines empirically the effects of foreign direct investment (FDI) on firm-
level productive efficiency in Indonesian manufacturing. Utilizing the data from the
Annual Survey of manufacturing industries between 1988 and 2000, the results confirm a
positive spillover effect of FDI on technical efficiency level. An interesting finding
appears when the observed firms are divided into two groups: firms with research and
development (R&D) expenditure and those without R&D expenditure, The R&D firms
receive higher magnitude of spillovers than those without R&D. This finding supports the
argument that R&D is a key absorptive capacity for domestic firms to gain FDI spillover
benefits.

Keywords: Foreign Direct Investment, Spillover Effects, Productive-Efficiency Level

Introduction

Spillover effects have recently been regarded as a substantial contribution of FDI
to economic performance of production units in host countries. Although the spillover
effects have been theoretically demonstrated as consequences of FDI presence, the
empirical evidence has revealed a mixed conclusion for at least two reasons. As noted in
Suyanto ef al. (2009), differences in research methods lead to evidence of either positive
or negative spillover effects and absorptive capacities are important in influencing the
ability of domestic firms to gain from foreign presence. A study on FDI spillovers using a
more rigorous method and taking into account absorptive capacities is expected to provide
a significant contribution to the literature.

The contribution is particularly important because the recent reforms on
investment policies by developing countries, including Indonesia, are in the expectation of
gaining spillover benefits (Blomstrom and Kokko, 2003). Drawing on the arguments of
Gorg and Strobl (2001) and Girma and Gorg (2007) that spillover effects might be some
part of residuals in a production equation, a stochastic production frontier method is
employed for the analysis in this study. The Battese and Coelli (1995) model is chosen as
an empirical model.

The stochastic production frontier method is used in this study to estimate
spillover effects from FDI on Indonesian manufacturing firms. This study starts by
discussing the empirical model and the estimation method. Data sources and construction
of dataset are then discussed. followed by the definition and measurement of variables.
Results and interpretations are provided in the second last section. Conclusions are drawn
at the final section,




Empirical Model and Estimation Method
The theoretical model of Battese and Coelli (1995) is specified as follow:

Y:‘r = .f(xf::ﬁ)‘exp(vu _u:'r) (l)
u,=z,0+0, 2)

where Yi denotes the scalar output of firm 7 (=1, 2, ..., N) attime f (1=1,2,...,7). Xitis a
(Ixk) vector of inputs used by firm 7 at time 7. B is a (kx/) vector of unknown parameters
to be estimated; the vir is a rtandom error; u; is the technical inefficiency effect: zi is a
(Ixm) vector of observable non-stochastic explanatory variables affecting technical
inefficiency for firm 7 at time £, & denotes a (mxl) vector of unknown parameters of the
inefficiency effect to be estimated; o is an unobservable random error.

Based on the theoretical model in Equations (1) and (2), this study starts with a
flexible franslog (Transcendental Logarithmic) production frontier. This frontier is
characterized by a non-fixed substitution clasticity and is therefore subject to fewer
constraints than a general logarithm lincar model (Christensen ef al., 1973 Heathfield and
Wibe, 1987). In addition, the franslog functional form provides more generalized
estimates than other logarithm linear models as it imposes relatively fewer a priori
restrictions on the structure of production {Kopp and Smith, 1980). Therefore, adopting a
translog functional form might reduce the risk of error in the model specification.

The functional form of the franslog production frontier is as follows:

]nyg'r = /B[P ik ﬁ!. lan'f * ﬁ!\' ln Kﬂ i lﬁ.'u' ]n‘lll);(ir = ﬁh’ ln E'ir i IBH, [ln L{: ]2 + IBU; [ln LJ'r " ]n Kr':]
+ B [InL, *nM, |+ B [InL, ¥ E, |+ B [In K, ]2 + B [InK, *InM,

B [ln Bl hlE:‘:] +.a6mr [lm‘..f" ]2 + P [lnM" *InE, ]+ P []I‘ E, ]2 +pt
+ ﬁu []l‘l Lﬂ *I] + ﬁxr []-IIK“ *I] + ﬁ.-ua [lnil"‘fif *f] + ﬁ!-_‘r [lIl Ei: *I] * ﬁre‘rz + "’r‘: _”u

(©)

where y represents output, L represents labour. K is capital, M is material, F is energy. f is
time, /7 is firm, fs are parameters to be estimated, In denotes natural logarithm, vi is the
stochastic error term, and uy is the technical inefficiency. In this study, the technical
inefficiency effect is a function of a set of FDI variables: foreign ownership (FDI),
horizontal spillover (FDIHorisontal), backward spillover (FDIBackward), and forward
spillover (FDIForward). Also included are a set of other variables affecting efficiency.
age of firm (AGE) and a dummy crisis (CRISIS). Hence, the inefficiency function can be
written as:

u, =0, +0,FDI, +6,FDIHorisontal, + 6. F"DiBackward, + o, FDIForward,
+3,AGE, + 6,CRISIS, +w,
where w is an error term.

G

Various siib-models of the franslog are considered and tested under a number of
null hypotheses. given the spécification of the franslog model in Equation (3). A null
hypothesis of  the second order parameters equal ZEr0 (ie




B = Pk = P = Pie = Pr = Prar = Pre = Pune = Pu: = P = 0) 18 1o test whether the
Cobb-Douglas frontier is appropriate for the data set, and a null hypothesis of the
interacting parameters of input and time equal zero (i.e. S, = fy, =P, =P, =0) is fora
Hicks-neutral technological progress. Similarly, a null hypothesis of the time parameters
equal zero (ie. B =p,=p0, =P, =P =Pz =0) is for a no technology progress in the
frontier, and a null hypothesis of the parameters of inefficiency function equal zero (i.e.
y=90,=0,=..=0,=0) are for a no-inefficiency effect. y is a parameter associated with
variance of inefficiency effect, ui, in the Battese and Coelli’s (1995) model. If ¥ is zero,
the model reduces to a traditional mean response function in which the variables, FDI,
FDIHorizontal, FDIBackward, FDIForward, AGE, and CRISIS, can be directly included
into the production frontier.

For performing tests of the relevant null hypotheses, a generalized likelihood ratio
statistic is employed. This ratio statistic can be expressed as follow

A= -2 1(H)1(H)] ®)

where /(Hy) is the log-likelihood value of the restricted frontier model. and /(H}) is the
log-likelihood value of the model defined in Equation (3). If the null hypothesis is true.
the test statistic has approximately a chi-square distribution with degrees of freedom equal
to the number of parameters involved in the restrictions. The test statistic under the null
hypothesis of no inefficiency effects has approximately a mixed chi-square distribution,
and the critical value for this test is taken from Table 1 of Kodde and Palm (1986)."

The computer program FRONTIER4.1 is used to jointly estimate the stochastic
production frontier of Equation (3) and the inefficiency function of Equation (4) under the
maximum likelihood method (Coelli. 1996).> This computer program follows a three-step
estimation method to obtain the final maximum likelthood estimates. The first step
estimates the frontier production function in Equation (3) using OLS and obtains all g
estimators, which are unbiased (except the intercept, fo). In the second step. a two-phase
grid search for y is conducted: with the f parameters (except fo) set to the OLS values, the
Boand o parameters adjusted to the Corrected OLS (COLS) values and other parameters

set to zero.® The third step applies an iterative procedure of the Davidon-Fletcher-Powell
Quasi-Newfon method to obtain final maximum likelihood estimates using the value
sclected in the grid search as starting values.

! For explanation regarding a mixed chi-square and a test for no inefficiency effect, see Battese and Coelli
(1988).

? FRONTIER4.1 was developed by Tim Coelli in the Department of Econometrics. University of New
England. The program, written in Shazam, can be run on an IBM-PC. In this program. the execution of a
stochastic frontier model can be either by modifying the available mstruction file or writing a program
language. This program is available online from the Centre for Efficiency and Productivity Analysis website
(http:/www.ng.edu.au/economics/cepa/frontier.htm). A detailed procedure for running FRONTIER4.1 is
discussed in Coelli (1996).

3

o*f: is a parameter associated with the variance of random variable v in the Battese and Coelli’s (1995)
model.




Data Sources and Construction of the Dataset

1 Descnptlon of Data Sources

The primary data source in this study is the Annual Surveys of medium and large
manufacturing establishments (Survei Tahunan Statistik Industri or SI) conducted by the
Indonesian Central Board of Statistics (Badan Pusat Statistik or BPS). The data are
available in an electronic format (d-base file) and can be obtained under a license. The
survey covers the basic information of each establishment. such as specific identification
code, industrial classification, year of starting production, and location. It also covers the
ownership information (domestic and foreign ownerships), production information (gross
output, number of workers in production and non-production, value of fixed capital and
investment, material. and energy consumption), and other information (share of
production exported, value of material imported, and expenditure on research and
development). The numbers of establishments surveyed vary with the year of survey, with
the minimum number of 7.469 manufacturing establishments in 1975 and the maximum
number of 21,671 establishments in 1996.

The annual surveys (SI) have been conducted since 1975, and the recent available
data are for the year 2005. However, this study uses only the period of data from 1988 to
2000. The year of 1988 is chosen as a starting year because the data on the replacement
value of capital are not available before 1988. The 2001 to 2005 period is excluded,
because the BPS changed the specific identification code in 2001 to KIPN without
providing a concordance table to the previous used identification code (PSID). Efforts to
match the observations in the years 2001-2005 to the years 1988-2000 using output values
and labour don’t yield reliable results. Therefore, the longest possible period for this study
is 1988-2000.

The classification of the establishment-level data in SI is up to five-digit industrial
codes. This classification is based on the Indonesian Commodity Classification
(Klasifikasi Komoditi Indonesia or KKI), which basically follows the International
Standard Industrial Classification (ISIC) with some modification to suit Indonesian
conditions. During the observation years, from 1988 to 2000, the KKI was reclassified
twice in order to accommodate the growing number of manufacturing establishments and
to comply with the revisions of ISIC.

The first reclassification took place in 1990 when the last digit of five-digit KKI
was updated for some sub-sectors (in this case. the BPS replaced KKI-1985 with KKI-
1990). For example, the basic organic and inorganic chemicals sub-sector (i.e. the 35110
manufacturing code) was updated into nine sub-sectors, namely inorganic chloral and
alkaline (the 35111 code). industrial gas (35112), inorganic pigment (35113), inorganic
chemicals not else classified (35114), organic chemicals from woods and gum (35115),
organic pigment (35116), organic chemicals from oil and gases (35117). special organic
chemicals (35118), and organic chemicals that not else classified (35119).

The second reclassification was published in 1998 to follow the change in ISIC,
from ISIC Revision 2 to ISIC Revision 3 (the KKI-1990 was changed into KKI-1998). In
this reclassification, the BPS changed completely the manufacturing code. For example.
the code for bakeries was 31179 in KKI-1990. but it was changed to 15410 in KKI-1998.

As a supplementary for the SI, this study also utilizes data from several sources
when constructing the final panel dataset. The types and sources of the supplementary
data are presented in Table 1. The wholesale price index (WPI) is used as a monetary
deflator for output and material. Similarly, the machinery price index and the electricity




price index are used as a deflator for capital and electricity. respectively. To deflate the
monetary value of fuel, the fuel price index is calculated from the OPEC fuel basket price
from DX for Windows.* The input-output tables are used for calculating spillover variables
for downstream and upstream industries (i.e. variables of backward and forward
spillovers).

Table 1. Sources and Descriptions of Data

No. Data Source Description

Primary Data

1 Survey of The Indonesian Central The SIis an annual survey of medium and large

Industries (SI) Board of Statistics (BPS)  manufacturing establishments, which cover up

to 21.671 establishments with at least 20
employees and consist of more than 160
variables.

Supplementary Data

2 Wholesale Price  The Indonesian Central The WPI used in this study is a WPI of 150

Index (WPI) Board of Statistics commodities categorized by ISIC four-digit.
(BPS)
3 WPI of The Indonesian Central The machinery price index covers prices of all
Machinery Board of Statistics (BPS)  machinery, except electricity machinery, used
by manufacturing industries.
4 WPI of The Indonesian Central The electricity price index is calculated from
Electricity Board of Statistics (BPS)  the price of electricity supplied by the state
energy company (Perusahaan Listrik Negara
or PLN) and published by the BPS as a part of
the WPIL.
5 Fuel Price Index DX for Windows The fuel price index is calculated from the

OPEC fuel basket prices.

The Indonesian input-output table consists of
the value of inputs used by sector i from sector
J and value of output sold to sector j by sector i
at a certain year. It captures 161 sectors of all
industries in Indonesia. For the purpose of this
study, only  input-output  values of
manufacturing industries (88 sectors) are used.

The Indonesian Central
Board of Statistics (BPS)

6 Input-Output
Table

Source: Author’s compilation

2 Procedure for Constructing a Consistent Balanced Panel Set
Constructing a consistent and integrated dataset is necessary for obtaining reliable and
unbiased empirical analysis. In this study. the possible inconsistency and other problems
in the SI data are identified. A consistent and integrated balance panel set is then
constructed by following several steps of adjustment. The steps of adjustment are
described as follow:
Step 1: Adjustment for industrial code.
As noted above, the BPS reclassified the industrial codes twice: in 1990 and 1998.
This study adjusts the industrial codes to the 1990 code (KKI-1990) in order to
obtain a consistent industrial code for the observation years (1988-2000). This

4 The OPEC fuel prices are converted from US$ values to Indonesia rupiah (IDR) using average vearly
exchange rates published by the central Bank of Indonesia in Statistics of Economic and Finance Indonesia
(Statistik Ekonomi dan Keuangan Indonesia or SEKI).




Step 2:

Step 3:

Step 4:

adjustment involves two phases. First, the data from 1988 to 1989 (which use

KKI-1985) are adjusted to KKI-1990 using the establishment identification code

and a special map provided by the BPS. Observations in 1988-1989 not observed

in 1990-1998 are removed, since there is no code from KKI-1990 that could be
assigned to these observations. This first phase of adjustment removes 1,346 out of
the original 29,340 establishments. Second, the data from 1998 to 2000 (which use

KKI-1998) are adjusted to KKI-1990 by following the concordance table provided

by the BPS. There are several concordance issues that arise during this second

phase of adjustment, which include unmatched classifications and incomplete

entries. An example of an incomplete entry is an observation recorded only with a

two-, three-, or four-digit classification code. For dealing with this problem, only

observations with four-digit classification codes are retained., while those with
two- and three-digit classification codes are removed.” The retained observations
with four-digit codes are then assigned as five-digit codes using the establishment

specific identification code. By doing so, all establishments in the 1988-2000

panel data have consistent and integrated classification codes. The total

establishments removed after these industrial code adjustments are 3,078 out of

29.340 establishments, which include those with Oil and Gas classification (ISIC

353 and 354) as these sub-sectors are not observed in the 1988 and 1989 surveys.

Adjustment for the variable definitions.

In some years. the variable definitions provided by the BPS are not consistent.

even though the variables are the same. The author compared the variable

definitions in each year’s survey questionnaires (which are provided by the BPS
together with the SI data) and recalculated the inconsistent variables for obtaining
consistent definitions throughout the selected period.

Cleaning for noise and typographical errors.

This study applies several steps for data cleaning in order to minimize noises and

typographical errors:

a. Observations with zero or a negative value of output, labour, material, or
energy have been removed. This removes around 4.5 percent of the total
observations.

b. If a firm reports a missing value for a particular variable in a given time but
reports values in the year before and after, an interpolation is carried out to fill
the gap. The interpolation for the missing data is not more than 1 percent of the
total observations.

c. Typographical errors (or key-punch errors) in the raw data are adjusted for
consistency. For example, if in the raw data, foreign share in a firm for the
whole of the selected period is typed as 100 percent, except for a certain year
being typed as 0 percent, then the 0 percent share is adjusted to 100 percent.

d. Observations that are considered as outliers are removed from data set by
following a procedure suggested by Takii (2005). First. observations are sorted
from the lowest to the highest value of output. Second. 1.5 percent of the
lowest values and 1.5 percent of the highest values are removed.

Back-casting the missing values of capital

* 1,732 out of 22,175 establishments are removed since they are only assigned with two- and three digit
industrial codes.




In some years. the values of capital are missing for quite a large number of
observations. To fill these gaps, this study follows the methodology introduced by
Vial (2006). The replacement values of fixed capitals are regressed against the
one-year lagged output in order to obtain the estimated coefficient of capital. The
estimated coefficient is then used to calculate the predicted values of fixed capital
for the missing data.

Step 5: Matching firms for a balanced panel
A balanced panel dataset is constructed for the selected period by matching firms
based on the specific identification code (PSID). This study utilizes STATA10
software for the matching.

Step 6: Choosing industries with foreign firms
Since the purpose of the study is to estimate the FDI spillovers, industries (at a
five-digit level) without foreign firms are excluded from the balanced panel.

Step 7: All monetary variables (output, capital, material, and energy) are deflated using
price indexes. The output and material values are deflated using the wholesale
price index (for 4-digit ISIC industries); the machinery price index is used for
deflating the value of capital. the nominal values of energy are a sum of electricity
and fuel expenditures, which are deflated using the electricity price index and the
fuel price index. All price indexes are at a constant price of 1993.

By following the steps of adjustment, the final balanced panel dataset consists of 3.218

establishments with 43.134 observations.

Definition and Measurement of Variables

A crucial part in empirical studies is the measurement of variables. The reliability of
empirical results depends heavily on the accuracy of measures of variables. From the
available SI data, supported by the most up-to-date information from the literature, this
study constructs variables for the empirical model in Equations (3) and (4). The variables
are divided into two groups based on the two simultancous equations: a stochastic
production frontier and an inefficiency function. The variables for the inefficiency
function are divided further into two. namely FDI variables and other variables. The
constructions of the variables are discussed below and the definitions are given in Table 2.

Table 2. Definitions of Variables

Variables Definition
Production Function
Y QOutput (in million rupiah), which is deflated using a wholesale price index (WPI) at a
constant price of 1993
L Labor (number of workers) is the total number of employees directly and indirectly

engaged in productions

K Capital (million rupiah), which is deflated using WPI for machinery at a constant price
of 1993

M Material (million rupiah), which is deflated using a wholesale price index at a constant
price of 1993

E Energy (million rupiah) is the sum of electricity and fuel expenditures, which are

deflated using a WPI for electricity and fuel price index at a constant price of 1993

Inefficiency Function 43
FDI Foreign ownership, which is measured by a dummy variable: 1 if the share of foreign
ownership is greater than 0 percent: and 0 if otherwise.




FDIHorisontal Spillovers of FDI on domestic firms in the same industries, which is measured by the
share of foreign firms” output over total output of the five-digit industry

FDIBackward Spillovers of FDI on upstream industries, which is calculated from the share of the
total output of an industry that is sold to foreign buyers across all five-digit mdustries.

FDIForward Spillovers of FDI on downstream industries, which is calculated from the share of the
total output of an industry that is bought from foreign suppliers across all five-digit
industries.

Age Age of firms is measured by the different between year of survey and year of starting
production

Crisis Economic crisis is measured by a dummy variable: 1 if the year of observation is 1997

onward, and 0 if the vear of observation is before 1997.

Results and Interpretation
1 Testing For Model Specification

Given the general franslog frontier, as specified in Equations (3). this study tests a
number of null hypotheses for finding the appropriate model for the dataset. The results of
the relevant null hypotheses tests are presented in Table 4. The first null hypothesis is to
confirm whether the Cobb-Douglas production frontier is an appropriate specification for
the dataset. by imposing the following restrictions:
B = P = P = B = Pk = Pras = P = Pany = Prsg = B =0, on Equation (1). The
result of the log-likelihood test shows a strong rejection of the null hypothesis at the 1%
level of significance, suggesting that the Cobb-Douglas model is an inappropriate
specification, given the (ranslog model.

Table 4. Log-Likelihood Tests for Model Specification of the Stochastic Production
Frontier

Restrictions Full Samples Critical Critical Critical
Values Values Values
(0=0.10) (0=0.05) (a=0.01)
Cobb-Douglas
Pr=Pre=Pru=Pre=Prx=Prv=Pre=Pum 9801 42%** 2231 25 30.58
=Prie=Prr=0)
Hicks-Neytral 266.34%%* 7.78 9.49 13.28
(ﬁ!.r= )8[\': = )ﬁh‘{ = ﬁ!:'.r =0)
No TP
69.22%*#* 10.64 12.59 16.81
(B=Pu= Pr=Pr: = Par = P, =0)
No glef{i;;lcﬂcy Effect (y=do=0;= 1403 86%+# 7.09 8.76 12.48
e /i

Source: Author’s calculations. Note: the log-likelihood ratio statistics are calculated from Equation (3)
based on the restricted and unrestricted models for horizontal spillovers. The log-likelihood ratio statistics
on models for backward spillovers or forward spillovers provide similar conclusions. ***, ** and * denote
significance at 1%, 5%. and 10%. respectively. The critical values are based on Chi=squared distribution.
For the null hypothesis of no-inefficiency effect, the critical value is based on a mixed chi-squared
distribution provided by Kodde and Palm (1986).

The second null hypothesis test, for Hicks-neutral technical progress (TP) under a
restriction: S, = Sy, = B, = P, = 0. also rejects the null hypothesis. but the levels of
significance vary between 1% and 10%. Similarly, when imposing a restriction:
B =B,=pP,=Pc=Pu=P,=0. for a null hypothesis of no-technological progress
(TP), the statistical results suggest that the no-TP specification is inappropriate. given the




translog specification. The last null hypothesis for no inefficiency effect, which imposes
the restriction: ¥y =J, =46, =...=d, =0, shows also a rejection of null hypothesis at the

1% level of significance.

Given these statistical results, one can conclude that the flexible franslog model.
as specified in Equation (1), appears to be the appropriate specification for the firms in the
analysis. Therefore, the estimations of the stochastic frontiers in this study follows the
translog production frontier.

2 FDI Spillover Effects on Manufacturing Firms

Using the translog stochastic frontier and the inefficiency function specified in Equations
(3) and (4), this study begins the estimation of FDI spillover effects for all manufacturing
firms in the dataset. Three spillover variables, as constructed above, are used for testing
the spillover hypothesis. These three variables are estimated separately because the partial
correlation tests shows that these variables are moderately correlated each other,
particularly between f*DIHorizontal and FDIForward, which have a 0.82 correlation
coefficient. Estimating them together in one equation may result in a near
multicollinearity problem, with a consequence of insignificance in estimated coefficients
(Gujarati, 2003). The selected parameter estimates for the manufacturing firms are
presented in Table 5.

The first three columns of Table 5 display estimation results for all manufacturing
establishments using three different spillover variables. The coefficients of the franslog
stochastic production frontier (the upper part of the table) has no immediate economic
implication, as the impacts of each input to output depend on the combination of the
coefficients of all terms involving the input (first and second orders). Therefore. output
clasticity with respect to labour, capital, material and energy. along with return to scale
coefficients, has been calculated.® The annual average industry-wise clasticities and return
to scale (RTS) coefficients are presented in Appendix 1. The firm-specific results are not
presented due to space limitation but can be obtained from the author upon request.

From the calculated eclasticity scores, it is apparent that the average output
elasticity with respect to labour is positive for all the observed years. ranging from 0.20 to
0.23 (Appendix 2). Similarly. the elasticity to capital and elasticity to material are also
positive, with the average scores of 0.09 for the former and 0.69 for the latter. The same is
also true for energy. as the average scores of output elasticity are positive. Furthermore.
the four output elasticity scores sum up to return to scale (RTS) coefficient. The annual
average score of RTS is 1.06 between 1988 and 2000, suggesting an increasing return to
scale (IRTS) of the Indonesian manufacturing industry.” This average RTS increases
steadily during the observed vears, from 1.03 in 1988 to 1.14 in 2000, indicating that the
benefits of operating on a larger scale have been increased over time.

The finding of increasing returns to scale is consistent with the rejection of the
Cobb-Douglas function. which basically assumes constant return to scale. The increasing

® The output elasticity of each input is obtained by taking a partial derivative of the franslog model and
evaluating them at particulate values of variables. Based on the franslog model in Equation (3), the output
elasticity of labour is defined as e,=f;+ 28 [InL]+ P [InK ]+ By InM]+fre[InE]+fT. Similarly, the
output elasticity of capital. material, and energy are obtained by the partial derivatives of output to capital,
output to material. and output to energy, respectively.

" The slightly larger than one of average RTS also suggests that larger firms might have slight cost
advantages relative to smaller firms.




returns to scale are mostly contributed by the output elasticity of material (ranging from
0.62 to 0.80 during the observed years), which is not surprising given the heavy reliance
on raw material and the nature of the industry. As argued by Aswicahyono (1998),
Indonesian manufacturing products are mostly either natural resource based or simple
assembly processed, which make the industry rely heavily on material input. In contrast,
the output elasticity of capital is relatively low. suggesting a low capital intensity. This
result may need to be interpreted with caution as capital is a key factor for output growth.
However, this result is somehow unsurprising as the share of capital in total industry
outputs is usually low in labour-intensive environment., such as the Indonesian
manufacturing industry. High elasticity of capital. as argued by Wacker ef al. (2006). is
usually observed only in manufacturing industries that rely heavily on advanced
technologies. Nevertheless, the results are consistent with findings in previous studies on
Indonesian manufacturing firms that use more than two factor inputs (Amiti and Konings,
2005; Tkhsan, 2007).

Moving to the inefficiency function (the lower part of Table 5), the estimated
coefficients of FFDI (which take the value of one if the firm is a foreign-owned firm and
zero if the firm is a domestic firm) are negative and highly significant at the 1% level,
suggesting that foreign-owned firms are. on average. less inefficient than domestic firms,
keeping other variables constant. This result supports the mainstream premise that foreign
firms generally possess more updated knowledge and have more experience in serving
markets, so that they are more efficient than domestic firms.

As expected, the coefficient of FDIHorizontal has a negative sign and is
statistically significant at the 1% level, meaning that the presence of FDI reduces
inefficiency of firms in the same five-digit industries. Similarly, FDIBackward and
FDIForward have also negative and highly significant coefficients, which indicate
negative effects of FDI on technical inefficiency (or positive technical efficiency
spillovers) on suppliers and buyers. respectively. Although this study uses a longer time
period by including the period of crisis. the findings are in line with Blalock and Gertler
(2008) and Takii (2005) on the ground that FDI at the industrial level generates positive
spillovers to firms in the same industries, firms in upstream industries. and firms in
downstream industries.

With regard to variables not associated with foreign ownership. the coefficient of
Age is positive for the three spillover models but it is significant only for the horizontal
spillover model (the first column of Table 5). This is not a surprise since the impact of age
to firms’ efficiencies is still a matter of debate in the literature, as noted in Section 5.4.3.1.
An older firm could have a higher efficiency due to knowledge accumulation through
learning experience, while a younger firm might be more efficient because of possessing
up-dated knowledge. Nevertheless. the result is consistent with findings in Lundvall and
Battese (2000) for Kenya and Kathuria (2001) for India. Similarly, the coefficients of
crisis also show inconclusive findings. with positive and significant effects on inefficiency
in horizontal and backward spillover models, but with negative insignificant effects in the
forward spillover model. This demonstrates the argument in literature that the impacts of
crisis on firms are uneven and depend on heterogencous characteristics of firms (for
example, Narjoko and Hill, 2007).
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Table 5. Estimates of Stochastic Production Frontiers on the FDI Spillover Effects in
the Indonesian Manufacturing Firms

Variable * Horisontal Backward Forward
Spillovers 1 (All firms) Spillovers 1 Spillovers 1
(All firms) (All firms)
Production Frontier (Dependent Variable: n¥)
Constant L.14g%*= 1.214%%* L11T***
(37.08) (37.58) (37.01)
InL. 0.601 *** 0.608%** D.614%**
(32.87) (30L65) (31.07)
InK 0, 180%** 017742+ 0.175%**
(17.34) (16.01) (15.86)
InM 0:2]12%%* 0, 198*=* 0.192%**
(19.41) (18.03) (17.16)
InE 0.244%** 0.253%%* 0.255%%*
(26.16) (27.08) (27.42)
[InL} 0.014** 0.011* 0.011%*
(242) (1.84) (1.96)
Inl.*InK 0.043%** 004 ] #** 0.040%*=
(9.73) (8.65) (8.38)
InL.*InM =0.174%** 0, 17]1*%= .17 ]1%**
(-39.88) (-38.12) (-3.82)
InL*InE D.OGT*** 0.067+E* 0.066%*
(13.93) (13.81) (13.76)
[InKJ? -0.003** -0.002* -0.002%
(-2.38) (-1.74) (-1.70)
InK*InM =0.07]*** <0.073%** () ()73***
(-28.17) (-28.54) (-28.28)
InK*InE 0.057%** 0.058%+* 0.059***
(22.86) (21.32) (21.86)
[InM]? 0.164 %% 0,165+ 0.165%**
(98.82) (99.87) (100.50)
InM*InE -0.143%%% -0 143%%* -0, 143%%*
(51.52) (-51.12) (-51.64)
[ImEP 0.023 %%+ 0.022%%% 0.02]%%*
(17.69) (14.76) (10.59)
l G.Unﬁ”* n_(}ﬂﬁ:tt n_nnsttt
(3.79) (2.88) (2.96)
InL*T =0.001 -0.000 0.001
(0.54) (-0.60) (0.76)
InK*T -0.000 -0.000 -0.002
(-0.26) (-0.14) (-0.51)
InM*T 0.001* 0.001 0.00]***
(1.83) (1.37) (340
InE*T -0.004 -0.000%%* -0.00 [**
(-1.05) (-3.69) (-2.02)
Tz ‘u.t][]]“‘ ‘0.000“‘ '0.{](}"“
(-5.81) (-3.69) (-8.78)
Inefficiency Function (Dependent Variable: u
Constant 0.078**=* 0. 124%==* 0.062%**
(21.59) (16.03) (23.09)
FDI -0.008*** -0.011%** -0.010%**
(-0.50) (-8.82) (-10.76)
FDIHorizontal -0.126%**
(-88.00) & g
FDIBackward -0.085%**
. (-18.88)
FDIForward : i} 0. 124%%%
(-25.00)
Age D002+ 0.000 0.000
(330 (049 (0.37)
Cnsis D.015%% 0.017*=* -0.002
6.91) (4.67) (-1.00)
Sigma-squared 0.033%%* 0.033%%* 0.033%%*
(195.31) (144.52) (140.34)
Gamma 0.005%%* 0,024 %%* 0.00]***
(20.78) (10L66) (8.32)

Source: Author’s Calculation using the model specified in Equations (3) and (4). Notes: The t-statistics are in
parenthesis. *** denotes 1% significance level, ** denotes 5% significance level, and * denotes 10% significance level,

11




Table 6. Output Elasticity of Inputs and Return to Scale (RTS) for the Indonesian
Manufacturing Sector

Year Labour Capital Material Energy RTS
1988 0.22 0.09 0.62 0.10 1.03
1989 0.22 0.09 0.63 0.09 1.03
1990 0.21 0.08 0.66 0.08 1.03
1991 0.22 0.09 0.63 0.09 1.03
1992 0.20 0.08 0.67 0.08 1.03
1993 0.21 0.09 0.66 0.08 1.04
1994 0.21 0.09 0.67 0.07 1.05
1995 0.20 0.09 0.69 0.07 1.06
1996 0.20 0.09 0.72 0.06 1.07
1997 0.20 0.09 0.73 0.06 1.08
1998 0.21 0.10 0.73 0.06 1.10
1999 0.21 0.10 0.76 0.06 112
2000 0.20 0.09 0.80 0.05 1.14
1998-1992 0.22 0.09 0.64 0.09 1.03
1993-1996 0.21 0.09 0.68 0.07 1.05
1997-2000 0.21 0.09 0.75 0.06 5
1988-2000 0.21 0.09 0.69 0.07 1.06

Source: Author’s calculation from the estimates of stochastic production frontier for all firms under the
horizontal spillover model (second column of Table 5)

3 FDI Spillovers to R&D and Non-R&D Firms

Research and development (R&D) is a key absorptive capacity for domestic firms to
gain FDI spillover benefits. Firms with R&D are likely to receive higher spillover
benefits than those without R&D. Incorporating this argument and testing whether it
applies in the Indonesian manufacturing sector, this study estimates Equations (3) and
(4) on a group of R&D firms and non-R&D firms, separately. Table 7 presents the
estimates of these two groups. Interestingly. the estimates show that both R&D and non-
R&D firms receive positive horizontal, backward, and forward spillovers from FDI. as
suggested by the negative sign and statistical significance of estimates for the three
spillover measures. However, coefficients of spillover variables for the first group are
greater than those for the second group. indicating that the magnitude of spillovers is
larger for the R&D firms than for the non-R&D firms. This finding is not a surprise
since R&D firms are generally having up-to-date knowledge. The finding confirms the
argument that R&D expenditure increases firms’ ability to absorb FDI spillover benefits,
which are in line with findings by Kathuria (2002) for India and Marcin (2008) for
Poland. This finding justifies that firms with larger absorptive capacities, such as those
with R&D expenditure, will receive higher spillover effects from FDI if compared to
firms with smaller, which have no R&D expenditure.
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Table 6 Estimates of Stochastic Production Frontiers on the FDI Spillover Effects:
The Importance of Research and Development (R&D)

Variable Horisontal Backward Forward Horisontal Backward Forward

Spillovers Spillovers Spillovers Spillovers Spillovers Spillovers
(R&D Firms) (R&ID Firms) (R&D Firms) (Non-R&D) (Non-R&1)) (Non-R&D)
Production Frontier (Dependent Variable: Inl

Constant (.575%4% 0.7d [ #4* (B1G*** 1 .OF 2%+ 1.20%%* 1.178%%#
(6.21) (8.69) (7.18) (33.98) (35.00) (33.03)
InL. (0.582%w* 0.64 %% 0,608 %** (.535%4% 0571 %" 0.574%%%
(9.49) (17.30) ©.91) (25.06) (25.76) (26.32)
InK 0.216%** 0.183%* 0, 1Bp*** 0.234%%* 0.206%** 0.207%*%
(6.16) (242) (5.30) (20.27) (17.17) {17.20)
InM (32] %=+ (.2Rg%*+ (). 260+ 0,208 **= 0. 167*** 0. 169%**
(9.57) (6.03) (7.45) (17.63) (13.06) (13.62)
InE 0.334%»% 0.32]1%** (1,335%%% 0.248%%* 0.256%%* 0,257%wx
(8.58) (10.63) (8.49) (25.22) (26.05) (26.04)
[InLJ? 0.016 0.03] %% 0,148 0.017%** 0.012* 0.014%*
(1.04) (3.64) (0.96) (2.70) (1.89) 2.17)
InL.*InK 0.016 D.016%** 0.019 0.060*** (052%** .054%**
(1.30) (11.48) (1.55) (11.67) (9.98) (10.36)
Inl.*InM -0 131 *%* -0.160* (). 139=** <[, 17+ 173 -0 176***
(-11.21) (-1.95) (-11.93) (-36.31) (-34.55) (-34.92)
InL*InE 0.054 %= 0.065 0.055%%* 0.063%** 0.062%** 0.06]%**
(3.60) (1.12) (3.57) (12.37) (12.11) (12.04)
lll'iK]: 0.014%** 0.011 0.010%** -0.009*** -0.007%%* <0.008***
(4.99) (0.69) (3.12) (-7.14) (-5.32) (-6.14)
InK*InM -0.080*%* -0.079%** -(0.070%** 00T -0.073%%* -0.072%#*
(-11.96) (-4.94) (-9.79) (-25.03) (-25.46) (-24.98)
InK*InE 0.03 ] **= 0.031 0,033%%% 0,053%** 0.060%** 0.060%**
(3.53) (1.64) (3.73) (18.74) (20.15) (20.66)
[InM]? 0. 150%** 0.148%#* 0, 149%** 0.162%%* 0. 167*** 0. 167%%*
(35.88) (78.40) (34.51) (90.57) (81.65) (89.88)
InM*InE -0, 143%** (), 132%** (). 13 =** -0, 130wk 0. 142% %= 20,143 %+
(17.48) (-76.61) (-16.63) (-46.56) (-44.89) (-47.69)
[InEP? (0,033 %= 0.024 0,030 %% 0,023 %% 0,02 %** 0.02 | ***
(5.48) (1.36) (4.91) (15.45) (13.75) (14.14)
T 0.014%* 0.020%** 0.016%** 0.0 *** 0.006%** 0.006%%*
(2.34) (5.49) (2.69) (6.05) (2.90) (2.90)
Inl.*T -0.001 -0.001 -0.00] #*+ 0.001* -0.002%* -0.002%+
(-0.65) (-0.40) (-0.29) (-1.74) (-1.99) (-1.98)
InK*T 0.002 0.001 0.002 -0.001** -0.001* -0.001*
(127 (1.23) (1.48) (23D (-1.73) -1.71)
InM*T 0,004 %%% -0, 004% %% -0,003%* 0.002%%% 0.002%%* 0.003%%%
(-3.00) (-3.26) (-2.28) (3.34) (5.06) (5.39)
InE*T 0.002 0.002%** 0.001 -0.000 -0.001 -0.001#
(1.56) (3.39) (0.71) (-0.46) (1.58) (-1.66)
T2 -0.000**= -0.001 -0.00] #** -0.00]*** 0.00]*** -0.00]***
(2.50) (-0.98) (-3.60) (-7.44) (-4.06) (=5.30)
Inefficiency Function (Dependent Variable: u
Constant 0. 104%** 0.092%*+ D117 0.066*** (.059%** (1L.04g%**
(14.97) (10.66) (11.13) (15.46) (15.72) (8.76)
FDI -0,078*** -0, 148** -0, 186*+* -0.419%%* -0.264%** -0.201*%*
(-2.60) (-2.40) (-12.96) (-44.33) (-29.84) (-18.33)
FDIHorizontal -0, 107%%* -0, 049 %%
(-13.73) ) . (-3.18) ) )
FDIBackward - -0.1 14%** -0.065%%*
(-28.24) ) ) (-17.30) .
FDIForward - -0 125%%* -0.069***
) (-5.25) ) (-4.50)
Age 0,00 ] #** 0.000 0.000 0,00 ] *** 0.001** 0.000%*
(5.09) (1.34) (0.034) (16.75) (1.99) (1.98)
Crisis 0.028*** 0.027 -0.013 -0.004* (LO22%** 0.020%**
(6.49) (0.17) (-0.97) (-1.92) (7.30) (4.49)
Sigma-squared 0.042%** 0.042%* D.041*** 0.030%** 0,031 *** 0.03 1#**
(65.25) (2.14) (59.85) (266.13) (126.89) (130.61)
Gamma 0.006*** 0.045%* 0,005%%® 0.070%** (0.025%%* 0.0]5%w*
(2.63) (2.36) (4.21) (17.99) (16.12) (9.13)

Source: Author’s Calculation using the model specified in Equations (3) and (4). Notes: The t-statistics are in
parenthesis. *** denotes 1% significance level. ** denotes 5% significance level. and * denotes 10% significance level.
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Conclusions

This study has examined the spillover effects of FDI on firm-level productivity in
Indonesian manufacturing industry. Utilizing data from Annual Survey of Indonesian
manufacturing firms and employing the Battese and Coelli (1995) stochastic production
frontier model, this study finds that FDI generates positive spillover effects on firm-level
productivity. An interesting finding emerges when the samples are divided into two
groups: firms with R&D spending and firms without R&D spending. The results show
that the group of firms with R&D spending receives larger magnitude of spillovers than
the group of firms without R&D spending. These findings justify the argument of the
importance of absorptive capacity in gaining the productivity spillovers from FDI.
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